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N O T I C E  

All questions or other communications relating to this document should be sent only to NFPA headquarters, 
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, P.O. Box 9101, Quincy, MA 02269-9101. 

A statement, written or oral, that is not processed in accordance with Section 16 of the Regulations Governing 
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 that is not in compliance with applicable 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 toxicity 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 committees 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 committee to provide specific guid- 
ance to the technical committees on questions relating to assessing the hazards of the products of combustion. 

Licensing Provis lon- -This  document is copyrighted by the National Fire Protection Association (NFPA). 

1. Adoption by Reference--Publ ic  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: (I) 
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 jurisdict ion's  lawmaking or rule-making process. 
B. Once this NFPA Code or Standard has been adopted into law, all printings of this document by public author- 
ities with lawmaking or rule-making 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  copy- 
right 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 authori- 
ties with lawmaking or rule-making powers may apply for and may receive a special royalty where 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 
Association, 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 accept any liability resulting from compliance or 
noncompliance with the provisions given herein, for any restrictions imposed on materials or processes, 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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Tentative Interim Amendment 

N F P A  99 

S tandard  for H e a l t h  Care  Fac i l i t i e s  

1996 Edit ion 

Reference: .19,2.5.2.2 
TIA 96-1 (NFPA 99) 

Pursuant to Section 5 of the NFPA Regulations Governing Committee 
Projects, the National Fire Protection Association has issued the following 
Tentative Interim Amendment to NFPA 99, S t a n d a r d  for  Health Care 
Facilities, 1996 edition. The TIA was processed by the Health Care 
Facilities Committee, and was issued by the Standards Council on April 16, 
1998, with an effective date of May 6, 1998. 

A Tentative Interim Amendment is tentative because it has not been 
processed through the entire standards-making procedures. It is interim 
because it is effective only between editions of the standard. A TIA 
automatically becomes a proposal of the proponent for the next edition of the 
standard; as such, it then is subject to all of the procedures of the 
standards-making process. 

1. Revise 19-2.5.2.2 to read as follows: 

19-2.5.2.2 Water  shall be delivered from the sprinkler heads as specified in 
19-2.5.2.5 within 3 seconds of activation of any affiliated deluge control. 

Copyright© 1998 All Rights Reserved 
NATIONAL FIRE PROTECTION ASSOCIATION 
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Copyright © 1996 NFPA, All Rights Reserved 

NFPA 99 

Standard fo r  

Health Care Facilities 

1996 Edition 

This edition of NFPA 99, Standard for Health Care Facilities, was p repared  by the Tech- 
nical Correlat ing Committee on Health Care Facilities and acted on by the National Fire 
Protection Association, Inc., at its Fall Meeting held November 13-15, 1995, in Chicago, 
IL. It was issued by the Standards Council on January  12, 1996, with an effective date of 
February  2, 1996, and supersedes all previous editions. 

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. 

This edition of NFPA 99 was approved  an an American National Standard  on 
February 23, 1996. 

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 variety of subjects, 11 directly addressing fire-related problems in and about health 
care facilities. These documents  covered health care emergency preparedness ,  inhalation 
anesthetics, respiratory therapy, laboratories in health-related institutions, hyperbaric  
facilities, hypobaric facilities, inhalation anesthetics in ambulatory care facilities, home 
use of  respiratory therapy,  medical-surgical vacuum systems in hospitals, essential elec- 
trical systems for health care facilities, safe use of electricity in patient care areas of  health 
care facilities, and safe use of  high frequency electricity in health care facilities. 

For a history on the documents  that covered these topics, see "Origin and Develop- 
ment  of  NFPA 99" in the beginning of the 1984 edition of  NFPA 99. 

What  was then the Health Care Facilities Correlat ing Committee reviewed the matter  
beginning in late 1979 and concluded that combining all the documents  under  its jur is-  
diction would be beneficial to those who used those documents  for the following reasons: 

(1) The  referenced documents  were being revised independent  of each other. Com- 
bining all the individual documents  into one document  would place all of  them on the 
same revision cycle. 

(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 

document  (e.g., hospital engineers,  medical personnel,  designers and architects, and 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 
beneficial. Seventy-five percent  of  responses suppor ted  such a proposal ,  with 90 percent  
of  health care facilities and organizations support ive of  it. Based on this support ,  the 
Correlat ing Committee proceeded with plans to combine all the documents  under  its 
jurisdict ion into one document.  

In January ,  1982, a compilation of  the latest edition of each of  the 12 individual doc- 
uments under  the jurisdict ion of  the Correlat ing Committee was published. It was des- 
ignated NFPA 99, Health Care Facilities Code. The Correlat ing Committee also entered the 
document  into the revision cycle repor t ing  to the 1983 Fall Meeting for the purpose  of 
formally adopt ing the document.  

For the 1984 edition of NFPA 99, in addit ion to technical changes, administrative and 
organizational changes were made. 



99-2 H E A L T H  CARE F A C I L I T I E S  

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. The  1987 edition also saw the incorporat ion of NFPA 56F, Standard on 
Nonflammable Medical Piped Gas Systems, into NFPA 99. 

For the 1990 edition of  NFPA 99, some structural changes were made and some mod- 
ifiers were added  to make it easier to determine  where requirements  are applicable. 
Technical changes made included the following: correlation with NFPA 101 ®, Life 
Safety Code®; changes for compressed medical air systems on the use of gas-powered 
medical devices operat ing at 200 psig, and piped gas systems in general; changes in 
leakage current  limits for patient care electrical appliances; clarification that patient care 
areas and wet locations are mutually exclusive; and further guidance on the effects of a 
disaster on staff. 

For the 1993 edition of  NFPA 99 there were further  efforts to make the document  
more "user friendly" (e.g., placing all " recommended"  guidance either in notes or in the 
Appendix).  Significant technical changes included the following: Adding requirements  
and recommendat ions  to further prevent  or  minimize fires in operat ing rooms; making 
major changes to requirements  in Chapter  4 for installing, testing, inspecting, verifying, 
and maintaining nonflammable medical p iped gas systems; adding  new sections on den- 
tal compressed air and dental  vacuum requirements  in Chapter  4; changing leakage 
current  limits of patient-care-related electrical appliances to correlate more closely with 
an international  document  on the subject; revising laboratory requirements  to correlate 
more closely with NFPA 45, Standard for Laboratories Using Chemicals; changing essential 
electrical system requirements  in ambulatory health care clinics and medical/dental  
offices; extensively revising hyperbaric chamber  requirements  (Chapter  19). 

For this 1996 edition of NFPA 99, further changes to make the document  more "user 
friendly" were made. These included restructuring Chapters  3 and 4 so that all require- 
ments for a Type  1, 2, or 3 essential electrical system (ees), or a Level 1, 2, 3, or 4 piped 
gas or  vacuum system are contained in one section. 

Some of the technical changes made include the following: 

(1) All requirements  on flammable anesthetizing locations and the use of  flammable 
inhalation anesthetics have been relocated to a new Annex 2 since the use of such anes- 
thetics is almost extinct in the U.S. 

(2) A new chapter  (11) on emergency preparedness  has been developed. It is based 
on the material that was previously in Annex 1 of NFPA 99, as well as the incident com- 
mand system concept. 

(3) A new chapter  (18) on home health care has been developed because of the 
increase in the number  of patients being discharged from health care facilities but still 
requir ing the use of  electrical and gaseous devices. 

(4) Section 1-1 was revised to reflect the intent that NFPA 99 applies only to facilities 
treat ing human beings. 

(5) In Chapter  3, load testing requirements  for emergency generators  were changed 
to reference NFPA 110, which extensively revised requirements;  emergency lighting cri- 
teria for operat ing rooms were revised; and revisions were made to items that can be 
placed on the critical branch and the equipment  system of the emergency power system. 

(6) In Chapter  4, major changes were made to requirements  for medical compressed 
air systems, dental  compressed air systems, waste anesthetic gas disposal systems, and 
dental  piped gas/vacuum systems. A new section on "headwall units" ("manufactured 
assemblies") was added.  Fur ther  changes in installation requirements  for piped systems 
were made, including qualification of  brazers, and brazing testing acceptability. Criteria 
for transfilling containers of liquid oxygen were clarified, in addit ion to being moved to 
Chapter  8. Outdoor  storage criteria for gas cylinders were clarified. 

(7) In Chapter  7, further correlation was made with other  standards on leakage cur- 
rent  limits, and testing criteria for laboratory equipment  were revised. 

(8) In Chapter  8, new requirements  were added for storage rooms containing cylin- 
ders and containers totaling less than 3000 cu ft. The policy for signs when oxygen is 
being used was revised. 

(9) In Chapters  12 to 17, criteria for gas and vacuum systems were revised to reflect 
changes made in Chapter  4. 

(10) In Chapter  19, in addit ion to many technical changes, criteria were added  for 
mobile hyperbaric facilities. 

1996 Edition 
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99-4 HEALTH CARE FACILITIES 
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go to C h. 15. 
I Nursing home-- 

go to Ch. 16. 
Limited care 
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I I 
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COMMITTEE PERSONNEL 99-5 

C o m m i t t e e  o n  H e a l t h  Care Fac i l i t i e s  

T e c h n i c a l  C o r r e l a t i n g  C o m m i t t e e  (HEA-AAC)  

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

Constance Bobik, B&E Fire Safety Equipment Inc., FL 
Jay Crowley, U.S. Dept. of Health/Human Services, MD 
Douglas S. Erickson, American Hospital Assn., IL 

Rep. American Hospital Assn. 
Thomas W. Gardner, Gage-Babcock & Assoc., VA 

Pep. American Health Care Assn. 
William T. Guy, The Elizabeth General Medical Ctr, NJ 

Rep. NFPA Health Care Section 
Harlan C. Ihlenfeldt, Kemper Nat'l Insurance Companies, IL 
Stanley D. Kahn, Heckler Electric Co., Inc., NY 

Rep. Nat'l Electrical Contractors Assn. 

William E. Koffel, Koffel Assoc. Inc., MD 
Nils A. Maurice, Nils A. Maurice, P.E., CSP, Inc., AZ 

Rep. American Society of Safety Engr 
David A. McWhinnie, Mechanical Dynamics Ino, IL 
Robert T. Shipley, Fisher Berkeley Corp., CA 

Rep. Nat'l Electrical Mfrs. Assn. 
Steven Werner, M&M Protection Consultants, WI 
Mayer D. Zimmerman, U.S. Dept. of Health and Human 
Services, MD 

Alternates 

Clement H. Kiffmeyer, Picker Int'l Inc., OH 
(AIt. to R. T. Shipley) 

Kenneth Knight, Bethesda Hospital, OH 
(Alt. to W. T. Guy) 

Nonvoting 

Leo G. Foxweli, ITT Hartford, CT 
Rep. American Insurance Services Group, Inc. 

Pauline N. Minardi, C1GNA Property & Casualty Companies, CA 
(Alt. to L. Foxwell) 

Tom Salamone, Kemper Nat'l Insurance Companies, IL 
(Alt. to H. C. lhlenfeldt) 

Burton R. Klein, NFPA Staff Liaison 

Committee Scope: ]'his Committee shall have primary responsibility for documents which contain criteria 
tor safeguarding patients and health care personnel in the delivery of health care services within health care 
facilities: a) from fire, explosion, electrical and related hazards resulting either from the use of anesthetic 
agents, medical gas equipment, electrical apparatus and high frequency electricity, or from internal or 
external incidents that disrupt normal patient care; b) from fire and explosion hazards associated with lab- 
oratory practices; c) in connection with the use of hyperbaric and hypobaric facilities for medical purposes; 
d) through performance, maintenance and testing criteria for electrical systems, both normal and essential; 
and e) through perlbrmance, maintenance and testing and installation criteria: 1) for vacuum systems for 
medical or surgical purposes, and 2) for medical gas systems. 

T e c h n i c a l  C o m m i t t e e  o n  A n e s t h e s i a  Serv i ce s  ( H E A - A N E )  
(5 -4 .1 ,  5 - 4 . 2 ,  5 - 6 . 1 ,  6 - 2 . 3 ,  12 -4 .1 ,  a n d  13 -4 .1 )  

John  P. Swope, Chair 
Derwood, MD 

Rep. NFPA Health Care Section 

James J. Claffey, McPhersoja Hospital, MI 
Rep. American Assn. of Nurse Anethetists 

Jay Crowley, U.S. Dept. of Health/Human Services, MD 
Yadin David, Texas Childrens Hospital, TX 
Ray J. Nichols, Shriners Burn Inst., TX 

Rep. American Society of Aaaethesiologists 

Gary D. Slack, Healthcare Engr Consultants, OH 
Rep. American Hospital Assn. 

Jay R. Sommers, Kimberly-Clark Corp., GA 
Clevis T. Svetlik, Johnson & Higgins of Ohio Inc., OH 
Gregory L. Welyczko, Ohmeda, WI 
H. Robert Yeager, Caritas Christi, MA 

1996 Edition 



9 9 - 6  HEALTH CARE FACILITIES 

Alternates 

Douglas S. Erickson, American Hospital Assn., IL 
(Alt. to G. D. Slack) 

James  A. Meyer, Pettis Memorial VA Hospital, CA 
(Air. to R. J. Nichols) 

Burton 1L Klein,  NFPA Staff Liaison 

Committee Scope: This Committee shall have primary responsibility for documents or portions of docu- 
ments covering the performance and maintenance criteria for safeguarding patients and health care per- 
sonnel from fire, explosion, electrical, and related hazards in anesthetizing locations involving the adminis- 
tration of both flammable and nonflammable anesthetics, including equipment and facilities ancillary 
thereto. 

Technical Committee on Disaster Planning (HEA-DIS) 
(Annex 1) 

James w .  Kerr, Chair 
M R Inc., AL 

John P. Jarrett ,  New Paltz Nursing Home, NY 
R e p  NFPA Health Care Section 

David J. Kitchin, Kaiser Permanente  Medical Center, CA 
Pauline N. Minardi, CIGNA Property & Casualty Companies, CA 

Rep. American Insurance Services Group, Inc. 

Russell Phillips, Russell Phillips & Assoc., Inc., NY 
W. Thomas Sehipper, Kaiser Foundation Hospitals, CA 

Rep. American Hospital Assn. 
Clevis T. Svetlik, Johnson & Higgins of  Ohio Inc., OH 
David E. Waeker, Princeton Insurance Co., NJ 

Alternate 

Douglas S. Eriekson, American Hospital Assn., IL 
(Alt. to W. T. Schipper) 

Burton R. Klein,  NFPA Staff Liaison 

Committee Scope: This Committee shall have primary responsibility for documents or portions of docu- 
ments covering the performance of health care facilities under disaster conditions. 

Technical Committee on Electrical Equipment (HEA-ELE) 
(Chapter 7, 9-2.1, X-3.7 in Chapters 12 to 18 and Annex 2) 

Chair (Vacant) 

Saul Aronow, Waban, MA 
Jack Berger,  Berger Scientific Instruments,  MA 
Yadin David, Texas Childrens Hospital, TX 
Albert G. Garlatti, ETL Testing Laboratories, NY 
Clement H. Kiffmeyer, Picker Int'l Inc., OH 

Rep. Nat'l Electrical Mfrs. Assn. 
Alan Lipschultz,  The  Medical Center  of  Delaware, DE 

Rep. Assn. for the Advancement of  Medical Instrumentation 

M. T. Merrigan, Underwriters Laboratories Inc., NY 
James  A. Meyer, Pettis Memorial VA Hospital, CA 

Rep. American Society of  Anesthesiologists 
Timothy Peglow, La Porte Hospital, IN 

Rep. American Hospital Assn. 
Lawrence S. Sandier, U.S. Dept. o f  Veterans Affairs (00 IT), MD 

Alternates 

Britton E. Berek, American Hospital Assn., IL 
(Alt. to T. Peglow) 

Todd L. Relyea, ETL Testing Laboratories, NY 
(Alt. to A. G. Garlatti) 

Burton R. Klein,  NFPA Staff Liaison 

Committee Scope: This Committee shall have primary responsibility for documents or portions of docu- 
ments covering the maintenance, performance and testing of equipment for the purpose of safeguarding 
patients and staff within patient care areas of health care facilities from the hazards of fire, explosion, elec- 
tricity, nonionizing radiation, heat and electrical interference. 

1996 Edition 



COMMITTEE PERSONNEL 99-7  

Technical Committee on Electrical Systems (HEA-ESE) 
(Chapter 3, X-3.3 in Chapters 12 to 18) 

Hugh O. Nash, Chair 
Smith Seckman Reid Inc., TN 

Rep. Inst. of Electrical and Electronics Engr, Inc. 

Stephen Benesh, Square D Co., WI 
Rep. Nat'l Electrical Mfrs. Assn. 

Jack Berger, Berger Scientific Instruments, MA 
James L. Crawford, U.S. Dept. of Health & Human Smwice, WA 
Albert G. Garlatti, ETL Testing Laboratories, NY 
William IL Houser, U.S. Army Environmental Hygiene 
Agency, MD 

Rep. NFPA HeaLth Care Section 
James R. Iverson, Onan Corp., MN 
Edward A. Lobnitz, Tilden Lobnitz & Cooper Inc., FL 
Alfred J. Longhitano, Gage-Babcock & Assoc. Inc., NY 

Rep. American Health Care Assn. 

Terry G. Mclntyre, IRM Insurance, NC 
M. T. Merrigan, Underwriters Laboratories Inc., NY 
David K. Norton, U.S. Dept. of Veterans Affairs, DC 
Ronald M. Smidt, New Hanover Regional Medical Center, NC 

Rep. American Hospital Assn. 
Howard Stickley, U.S. Army Corps of Engr, DC 
Raymond J. Swisher, Naval Healthcare Support Office, VA 
Walter N. Vernon, Mazzetti & Assoc. Inc., CA 
Herbert V. Whittail, Caterpillar, Inc., IN 

Rep. Electrical Generating Systems Assn. 

Alternates 

Lawrence A. Bey, Onan Corp., MN 
(Alt. to J. R. Iverson) 

Douglas S. Erickson, American Hospital Assn., IL 
(Ah. to R. M. Smidt) 

Burton R. Klein, NFPA Staff Liaison 

Committee Scope: This Conmfinee shall have primary responsibility fi)r documents or portions of docu- 
ments covering performance, nmintenance and testing of electrical systems for the purpose of safeguarding 
patients, staffand visitors within health care tacilities. 

Technical Committee on Gas Equipment (HEA-GAS) 
(Chapter 8, X-3.8 in Chapters 12 to 18) 

Ray J. Nichols, Chair 
Shriners Burn Inst., TX 

Rep. American Society of Anesthesiologists 

M. Lee Bancroft, Beth Israel Hospital, MA 
Richard E. Hoffman, Richard E. Hoflhmn & Assoc. Inc., KS 

Rep. Compressed Gas Assn. 
Alan Lipschultz, The Medical Center of Delaware, DE 

Rep. Assn. for the Advancement of Medical Instrumentation 

T. K. Raman, Valley Pulmonary & Medical Assoc., MA 
Rep. American College of Chest Physicians 

Gary D. Slack, Healthcare Engineering Consultants, OH 
Rep. American Hospital Assn. 

Alternate 

Britton E. Berek, American Hospital Assn., 1L 
(Air. to G. D. Slack) 

Burton R. Klein, NFPA Staff Liaison 

Committee Scope: This Cmnmittee shall have primary respnnsibility t"o1" documents or portions of docu- 
ments covering the perfi)rmance, maintenance and testing of patient-related gas eqtfipment fbr the purpose 
of safeguarding patients and slafl" within heahh care facilities. 
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Technical Committee on Hyperbaric and Hypobaric Facilities (HEA-HYP) 
(Chapter 19) 

William H. L. Dornette, Chair 
Kensington, MD 

Dave DeAngelis, U.S. Ocean Engr & Construction Pro Office, DC 
Robert W. Hamilton, Hamilton Research Ltd, NY 
Terry H. Hayes, Naval Facilities Engineering Command, DC 
Eric P. Kindwall, Medical College of Wisconsin, WI 
Valerie Messina, Long Beach Memorial Medical Ctr., CA 

Rep. Baromedical Nurses Assn. 
Dennis J. Murray, KMS-Medical Gas System Consultants Ltd, MI 

Pep. American Hospital Assn. 

Stephen D. Reimers, Reimers Engr Inc., VA 
J. Ronald Sechrist, Sechrist Industries, CA 
Paul J. Shet~eld, Int'l ATMO, Inc., TX 
Clevis T. Svetlik, Johnson & Higgins of Ohio Inc., OH 

Rep. NFPA Health Care Section 
Wilbur T. Workman, U.S. Air Force, CA 

Alternates 

Carolyn Jacobs, Scottsdale Memorial Hospital, AZ 
(Alt. to V. Messina) 

Christopher G. Wallace, Sechrist Industries Inc., CA 
(Alt. to J. R. Sechrist) 

Kenneth H. Willis, Presbyterian Hospital of Dallas, TX 
(Alt. to D. J. Murray) 

Larry L. Wischhoefer, Reimers Engr Inc., VA 
(Alt. to S. D. Reimers) 

Burton R. Klein, NFPA Staff Liaison 

Committee Scope: This Committee shall have primary responsibility for documents or portions of docu- 
ments covering the construction, installation, testing, performance and maintenance of hyperbaric and 
hypobaric facilities for safeguarding staff and occupants of chambers. 

Technical Committee on Laboratories (HEA-LAB) 
(Chapter 10, 5-3.1, 5-4.3, 5-4.4, 5-6.2, and associated laboratory requirements in Chapters 12 to 18.) 

Gerald A. Hoeltge, Chair 
Cleveland Clinic Foundation, OH 

Rep. College of American Pathologists 

John Francis Capron, The Cleveland Clinic Foundation, OH 
George D. Harlow, Tufts New England Medical Ctr, MA 

Rep. American Hospital Assn. 
Harlan C. Ihlenfeldt, Kemper Nat'l Insurance Companies, IL 
Ulrich M. Linder, Earl Walls Assoc., CA 
John P. McCabe, Nat'l Inst. of Health/Fire Prevention 
Section, MD 

Pauline N. Minardi, CIGNA Property & Casualty Companies, CA 
Rep. American Insurance Services Group, Inc. 

Susan Y. Nickasch, U.S. Dept. of Labor, ID 
Rep. American Society for Clinical Laboratory Science 

James O. Wear, u.s. Dept. of Veterans Admin. Medical Ctr., AR 
Rep. NFPA Health Care Section 

Alternates 

Britton E. Berek, American Hospital Assn., IL 
(Alt. to G. D. Harlow) 

Robert A. Guy, Earl Walls Assoc., CA 
(Alt. to U. M. Linder) 

Tom Salamone, Kempter Nat'l Insurance Companies, Inc., IL 
(Alt. to H. C. lhlenfeldt) 

Burton R. Klein, NFPA Staff Liaison 

Committee Scope: This Committee shall have primary responsibility for documents or porations of docu- 
ments covering the maintenance of equipment and environment for the purpose of safeguarding patients, 
visitors and staff wihin laboratories in health care facilities. 

1996 Edition 
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Technical Committee on Piping Systems (HEA-PIP) 
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NOTICE: An asterisk (*) following the number or letter 
designating 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 (t) include 
text extracted from NFPA 110, Standard for Emergency and 
Standby Power Systems, 1996 edition. Requests for interpreta- 
tions or revisions of the extracted text will be referred to the 
Technical Committee on Emergency Power Supplies. 
Requests for interpretations or revisions of the extracted 
figures will be referred to the Technical Committee on Elec- 
trical Equipment in Chemical Atmospheres. Sections of 
Appendixes A and C identified by a dagger (t) include text 
extracted from NFPA 30, Flammable and Combustible Liquids 
Code, 1993 edition. Requests for interpretations or revisions 
of the extracted text will be referred to the Technical Com- 
mittee on General Storage of Flammable Liquids. 

Chapter 1 Introduct ion  

1-1 Scope. The scope of this document is to establish cri- 
I teria to minimize the hazards of  fire, explosion, and elec- 

tricity in health care facilities providing services to human 
beings. These criteria include performance, maintenance, 
testing, and safe practices for facilities, material, equip- 
ment, 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 equip- 
ment, except as modified in individual chapters. Only the 
altered, renovated, or modernized portion of an existing 
system or individual component  shall be required to meet 
the installation and equipment requirements stated in this 
standard. If  the alteration, renovation, or modernization 
adversely impacts existing performance requirements of  a 
system or component ,  addit ional upgrad ing  shall be 
required. 

Chapters 12 through 18 specify the conditions under 
which the requirements of  Chapters 3 through l l  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 equip- 
ment used in patient care areas of  health care facilities. 

1-4 Discretionary Powers of Authority Having Juris- 
dict ion.  The  au thor i ty  hav ing  ju r i sd ic t ion  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 
quality, strength, fire resistance, effectiveness, durability, 

and safety to those prescribed by this document, providing 
(a) technical documentation is submitted to the authority 
having jurisdiction to demonstrate equivalency and (b) the 
system, method, or device is approved for the intended 
purpose. 

1-5 Interpretations. The National Fire Protection Asso- 
ciation does not approve, inspect, or certify any installa- 
tion, procedure, equipment, or material. In determining 
the acceptability of installations, procedures, or material, 
the authority having jurisdiction may base acceptance on 
compliance with this document. To promote uniformity of  
interpretation 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 5 of the NFPA Regulations Governing Com- 
mittee Projects for complete details. 

1-6 Organization of This Document. 

1-6.1 Beginning with the 1987 edition, the organization 
of  NFPA 99 reflected an attempt to make the document 
completely integrated and cohesive. Having been originally 
developed from 12 previously 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 through 11 that are appli- 
cable 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). 

Chapter 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 
explanatory 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 
(numbering is such that the first number after the letter C 
indicates the chapter to which material is related, e.g., 
Appendix C-7 contains information related to Chapter 7). 

Finally, two annexes contain guidance on the following 
subjects: the use of  high-frequency electricity (Annex 1) 
and flammable anesthetizing location criteria (Annex 2). 

As a result of  this restructuring, a reader interested in 
learning, for example, what the electrical system re- 
quirements are for a hospital would begin by first turn- 
ing to Chapter  12 ("Hospital Requirements"), then to 
12-3.3 ("Electrical System Requirements"). Similarly, elec- 
trical system requirements for a nursing home would be 
found by first turning to Chapter 16 ("Nursing Home 
Requi rements" ) ,  then to 16-3.3 ("Electr ical  System 
Requirements"). 
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1-6.2 General  chapters have been organized in the fol- 
lowing manner: 

- -  1 Scope 
- -2  Nature of  Hazards 
- -3  Type/Level 1 
- -4  Type/Level 2 
- -5  Type/Level 3 
Each type/level is, in turn, organized in the following 

manner: source, distribution, performance criteria and 
testing, and administration. 

The  major topics considered in each facility chapter  (12 
through 18) under  "General  Requirements" (e.g., 12-3, 
13-3, etc.) are a r ranged in the following order  (for consis- 
tency with the o rde r  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  
combining the 12 previously individual documents  under  
the jurisdict ion of  the former Correlat ing Committee on 
Health Care Facilities, now Technical Correlat ing Commit- 
tee on Health Care Facilities. Cross-referencing to the pre- 
vious individual documents  was possible but  would have 
been complicated because of  the major difference between 
the structure of  the previous individual documents  and the 
structure of the 1987 edition of  NFPA 99. 

1-7 Metric Units.  While it is common practice for medi- 
cal appliances to have metric units on their dials, gauges, 
and controls,  many components  of  systems within the 
scope of this document,  which are manufactured and used 
in the U.S., employ nonmetr ic  dimensions.  Since these 
dimensions (such as nominal pipe sizes) are not established 
by the National Fire Protection Association, the now Tech- 
nical Correlat ing Committee on Health Care Facilities can- 
not independent ly  change them. Accordingly, this docu- 
ment  uses dimensions that are presently in common use by 
the building trades in the U.S. Conversion factors to met- 
ric 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 de termined by the 
National Fire Protection Association. All questions related 
to applicability shall be directed to the authori ty having 
jurisdiction. 

1-9 Preface.  This document ' s  genesis was a series of 
explosions  in ope ra t i ng  rooms d u r i n g  surgery  in the 
1930s. The  problem was traced to static discharges of suf- 
ficient energy to ignite the flammable anesthetic agents 
being used. A series of recommendat ions  to mitigate the 
hazard were then promulgated.  In addition, a Committee 
on Hospitals was established with responsibility to periodi-  
cally 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  Commit- 
tee was also allowed to enlarge its scope to include all 
health care facilities. 

The major concerns of  the Committee are those hazards 
associated with operat ing a health care facility, treating 

patients, and operat ing laboratories. This includes the elec- 
trical system (both normal  and emergency power), gas sys- 
tems (both positive and negative pressure), medical equip- 
ment  (both electrical and gas powered),  environmental  
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 (now Technical 
Correlat ing Committee on Health Care Facilities and its 
Technical Committees) originally developed separate doc- 
uments as hazards were identified. NFPA 99 is the result of 
a proposal  to combine, organize, and integrate into one 
document  all the material contained in the individual doc- 
uments. The  intent was, and still is, to provide as useful a 
document  as possible to its many and varied users. 

C h a p t e r  2 D e f i n i t i o n s  

[Secretary's Note: The  letters in parentheses at the end 
of  each def in i t ion  refer  to the  Technica l  Commi t t ee  
responsible for defining the term. The  key to identifying 
responsibility is as follows: 

(ADM): Technical Committee on Administrat ion 

(DIS): Technical Committee on Disaster Planning 

(EE): Technical Committee on Electrical Equipment  

(ES): Technical Committee on Electrical Systems 

(GDE): Technical Committee on Gas Delivery Equipment 

(HHF) :  Techn ica l  C o m m i t t e e  on H y p e r b a r i c  and 
Hypobaric  Facilities 

(LAB): Technical Committee on Laboratories 

(PIP): Technical Committee on Piping Systems 

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

2-1 Official NFPA Definitions. 

Approved.* Acceptable to the authori ty having 
jurisdiction. 

Authority  Having Jurisdict ion.*  The  organiza t ion ,  
office, or individual responsible for approving  equipment,  
an installation, or a procedure.  

Code.* A standard that is an extensive compilation of pro- 
visions on a broad subject matter or that is suitable for adoption 
into law independently of other codes and standards. 

Labeled. Equipment  or materials to which has been 
attached a label, symbol, or  other  identifying mark of  an 
organizat ion that is acceptable to the author i ty  having 
jurisdict ion and concerned with product  evaluation that 
maintains per iodic  inspection of  product ion  of  labeled 
equipment  or materials and by whose labeling the manu- 
facturer indicates compliance with appropr ia te  s tandards 
or performance in a specified manner.  

Listed.* Equipment or materials included in a list pub- 
lished by an organization acceptable to the authority having 
jurisdict ion 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 manner. 
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Guide. A document  that is advisory or informative in 
nature and that contains only nonmandatory  provisions. A 
Guide may contain mandatory statements such as when a 
Guide can be used; but, the Document as a whole is not 
suitable for adopt ion into law. 

Shall. Indicates a mandatory requirement.  

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

Standard. A document, the main text of which contains 
only mandatory provisions using the word "shall" to indicate 
requirements, which is in a form generally suitable for man- 
datory reference by another standard or code or for adoption 
into law. Nonmandatory provisions shall be located in an 
Appendix, footnote, or fine-print note and are not to be con- 
sidered a part of the requirements of a standard. 

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 tempera ture  and pressure,  as distinct from the vol- 
ume of a gas flowing at s tandard tempera ture  and pressure 
(see definition of SCFM). (PIP) 

Adiabatic Heating, The  t e m p e r a t u r e  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 uniformly dis- 
tributed 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 CGA, Inc., Pamphlet  G-7.1, 
Commodity Specification for Air, and having a maximum dew 
point  o f -20°F  (-28.9°C) at line pressure. (PIP) 

Alarm System, Area. A warning system that provides 
visible and audible signals for the monitor ing of medical 
gas and vacuum systems serving a specific area, consisting 
of  alarm panel(s) and associated actuating device(s). (PIP) 

Alarm System, Local. A warning system that provides 
visible and audible signals for the monitor ing functions of  
medical gas and vacuum system source equipment  at the 
equipment  site. (PIP) 

Alarm System, Master. A warning system that provides 
visible and audible signals for the monitoring of medical 
gas and vacuum sources and systems, consisting of alarm 
panel(s) and associated actuating device(s). (PIP) 

Alarm System, Level I I I .  An area alarm system for 
patient nonflammable medical gases system, typically oxy- 
gen, nitrous oxide, and medical air in dental  care facilities 
and medical care facilities. (PIP) 

Alternate Power Source. One or more generator  sets, 
or battery systems where permit ted,  intended to provide 
power dur ing the interrupt ion of the normal electrical ser- 
vice; or the public utility electrical service intended to pro- 
vide power dur ing interrupt ion of  service normally pro- 
vided by the generat ing facilities on the premises. (ES) 

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

(1) Those facilities that provide, on an outpat ient  basis, 
t reatment  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 facilities that provid.e, on an outpat ient  basis, 
surgical t reatment  requiring general  anesthesia. (ADM) 

Ampaci ty .  Current -car ry ing  capacity of electric con- 
ductors expressed in amperes.  (ES) 

Anesthetic. As used in this s tandard,  applies to any 
inhalation agent  used to produce  relative analgesia or gen- 
eral anesthesia. (AS) 

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

NOTE: For guidance on flammable anesthetizing loca- 
tions, see Annex 2. 

Anoxia.  A state of  markedly inadequate oxygenation of 
the tissues and b lood,  of  more  marked  deg ree  than 
hypoxia. (HHF) 

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

A p p l i c a t o r .  A means  of  a p p l y i n g  h i g h - f r e q u e n c y  
energy to a patient other  than by an electrically conductive 
connection. (EE) 

NOTE: In the above sense, an applicator is not an elec- 
trode 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 poin t  within a room 
withira 15 ft (4.3 m) of oxygen equipment  or  an enclosure 
containing or in tended to contain an oxygen-enr iched 
atmosphere.  (GDE) 

Atmosphere. The  pressure  exer ted by, and gaseous 
composition of, an environment.  

NOTE: 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 pressure [14.7 psi 
(101.4 kPa)]. (See NFPA 99B, Appendix C-3, Pressure Table, 
Column 1.) (HHF) 

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

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

Atmosphere,  Chamber. The  env i ronmen t  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, i.e., 

23.45 

N, / T.P.atmo s 

where T.P.atmo s = total pressure in atmospheres. 
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Automatic. Self-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) 

Bends. Decompression sickness; caisson worker's dis- 
ease. (See Appendix C-19.1.3.4.2.) (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 lb (1452 kg) [approx- 
imately 28,000 cu ft (793 m 3) (NTP)] of nitrous oxide. (PIP) 

Bulk Oxygen System. An assembly of equipment such as oxy- 
gen storage containers, pressure regulators, pressure relief 
devices, vaporizers, manifolds, and interconnecting piping 
that has a storage capacity of more than 20,000 cu ft (566 m 3) 
of oxygen (NTP) including unconnected reserves on hand at 
the site. The bulk oxygen system terminates at the point 
where oxygen at service pressure first enters the supply line. 

NOTE: The oxygen containers can be stationary or mov- 
able, and the oxygen can he stored as gas or liquid. (PIP) 

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

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

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

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.  (GDE) 

Combustible Liquid .  See defini t ion of Liquid and 
Appendix C-10.2.1. (LAB) 

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 pro- 
cess of fuels burning in air. 

Combustion Products. The gases, volatilized liquids 
and solids, particulate matter, and ash generated by com- 
bustion. (GDE) 

[ Container .  A low-pressure, vacuum-insulated vessel 
containing gases in liquid form. (GDE) 

Critical Branch. A subsystem of the emergency system 
consisting of feeders and branch circuits supplying energy 
to task illumination, special power circuits, and selected 
receptacles serving areas and functions related to patient 

care and that are connected to alternate power sources by 
one or more transfer switches dur ing interruption of nor- 
mal power source. (ES) 

Critical Care Area. (See Patient Care Area.) 

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

Critical System. A system of feeders and branch cir- 
cuits in n u r s i n g  homes and  custodial  care facilities 
arranged for connection to the alternate power source to 
restore service to certain critical receptacles, task illumina- 
tion, and equipment.  (ES) 

Cylinder. A supply tank con ta in ing  high-pressure  
gases or gas mixtures at pressures that can be in excess of 
2000 psig (13.8 kPa gauge). (GDE) 

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. (GDE) 

Direct Electrical Pathway to the Heart. An external- 
ized conductive pathway, insulated except at its ends, one 
end of which is in direct contact with heart muscle while 
the other is outside the body and is accessible for inadvert- 
ent or intentional contact with grounded objects or ener- 
gized, ground-referenced sources. 

NOTE: Electrodes, such as those used for pacing the 
heart, and catheters filled with conductive fluids are exam- 
ples of direct electrical pathways to the heart. (EE) 

Disaster.* Within the context of this document, a disas- 
ter is defined as any unforeseen situation that seriously 
overtaxes or threatens to seriously overtax the routine 
capabilities of a health care facility. 

NOTE 1: A disaster can be either an event that causes or 
threatens to cause physical damage and injury to facility 
personnel or patients within the facility; or an event that 
requires expansion of facilities to receive and care for a 
large number of casualties resulting from a disaster that 
produces no damage or injury to the health care facility and 
staff; or a combination thereof. 

NOTE 2: Such a situation creates the need for emergency 
expansion of facilities, as well as operation of this expanded 
facility in an unfamiliar environment. Under this definition, 
the recognition of a disaster situation will vary greatly from 
one facility to another and from time to time in any given 
facility. Such recognition and concomitant activation of the 
Health Care Disaster Plan is dependent upon mutual aid 
agreements, facility type, geographic location, bed capacity, 
bed occupancy at a given time, staff size, staff experience 
with disaster situations, and other factors. For example, the 
routine workload of the emergency department of a large 
metropolitan general hospital would constitute a disaster, 
requiring activation of the Health Care Disaster Plan, were 
this same workload to be suddenly applied to a small com- 
munity hospital. (DIS) 

D.LS.S. Connector.  A threaded medical gas connector 
complying with the CGA Pamphlet V-5, Diameter Index 
Safety System -- Non-Interchangeable Low Pressure Connections 
for Medical Gas Applications. (PIP) 
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Double-Insulated Appliances. Appliances having an 
insulation system comprising both basic insulation neces- 
sary for the functioning of the appliance and for basic pro- 
tection against electric shock and supplementary insula- 
t ion. The  s u p p l e m e n t a r y  in su la t ion  is i n d e p e n d e n t  
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 pow- 
ered equipment  whose continuous operation is necessary 
to maintain 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. (EE) 

Bipolar Electrode. An electrode consisting of adjacent con- 
tacts (e.g., the two legs of a forceps) such that the high- 
frequency current  passes between the pair of contacts gen- 
erating the surgical effect. (EE) 

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 
"indifferent electrode," the "return electrode," the "patient 
plate," or the "neutral electrode." (EE) 

Emergency System. A system of circuits and equip- 
ment intended to supply alternate power to a limited num- 
ber of prescribed functions vital to the protection of life 
and safety. (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 
alternate sources of power and all connected distribution 
systems and ancillary equipment, designed to ensure con- 
tinuity of electrical power to designated areas and func- 
tions of a health care facility during disruption of normal 
power sources, and also designed to minimize disruption 
within the internal wiring system. (ES) 

I Evacuation -- Waste Gas. See Waste Anesthetic Gas 
Disposal. 

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

Failure. An incident that increases the hazard to per- 
sonnel or patients or affects the safe functioning of electric 
appliances or devices. 

NOTE: It includes failure of a component, loss of normal 
protective paths such as grounding, and short circuits or 
faults between energized conductors and the chassis. (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 
containment of conductors. (ES) 

Feeder. All circuit conductors  between the service 
equipment or the source of a separately derived system 
and the final branch-circuit overcurrent device. (ES) 

Flame Resistant .  The  proper ty  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 
specified in NFPA 701 may be required for this test if it is 
to be performed in 100 percent oxygen at several atmo- 
spheres pressure. 

F lammable .  An adjective describing easy igni t ion,  
intense burning,  and rapid rate of flame spread dur ing 
combustion. It may also be used as a noun to mean a flam- 
mable substance. 

NOTE: Many substances nonflammable in air become 
flammable if the oxygen content of the gaseous medium is 
increased above 0.235 ATA. (GDE) 

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

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

Flash Point. The minimum temperature at which a liq- 
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 proce- 
dures and apparatus. (See Appendix C-10.2.2.) (LAB) 

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

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

Flowmeter, Pressure Compensated. A flowmeter indi- 
cating accurate flow of gas whether the gas is discharged 
into ambient pressure or into a system at nonambient  pres- 
sure. (GDE) 

Frequency. The number  of oscillations, per unit  time, 
of a particular current  or voltage waveform. The unit  of 
frequency is the hertz. 

NOTE 1: Formerly the unit of frequency was cycles per 
second, a terminology no longer preferred. 

NOTE 2: The waveform can 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 are not designed for use with 
flammable 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- 
taih accidental spills. 

General Care Area. (See Patient Care Area.) 

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 
Commission on Accreditation of Healthcare O~ganizations, 
Chicago, 1989.) (ADM) 
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Ground-Fault Circuit Interrupter. A device whose 
function 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 overcur- 
rent protective device of the supply circuit. (ES) 

Grounding. See Grounding  System. 

Grounding System. A system of conductors that pro- 
vides a low-impedance return path for leakage and fault 
currents. 

NOTE: It coordinates with, but can be locally more exten- 
sive 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 
isolated 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 
monitor, connected. (ES) 

I Hazardous Chemical.* A chenfical 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 Materials: 
Health --  2, 3, or 4; Flammability --  2, 3, or 4; Reactivity --  
2, 3, or 4. (See Appendixes A-2-2 and C-I0.2.3.) (LAB) 

[ Health Care Facilities. Buildings or portions of build- 
ings in which medical, dental, psychiatric, nursing, obstet- 
rical, or surgical care are provided. Health care facilities 
include, but are not limited to, hospitals, nursing homes, 
limited care facilities, clinics, medical and dental offices, 
and ambulatory care centers, whether permanent  or mov- 
able. (ADM) 

Hood, Oxygen. A device encapsula t ing a patient 's  
head and used for a purpose similar to that of a mask. (See 
definition of mask.) (HHF) 

Hospital-Based. In the interpretation and application 
of this document,  physically connected to a hospital. (GDE) 

Hospital Facility. A building or part thereof used for 
the medical, psychiatric, obstetrical, or surgical care, on a 

I 24-hour basis, of four or more inpatients. Hospital, wher- 
ever used in this standard, includes general hospitals, men- 
tal hospitals, tuberculosis hospitals, children's hospitals, 
and any such facilities providing inpatient care. (ADM) 

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

Hyperbaric. Pressures above atmospheric pressure. 
(HHF) 

Hyperbaric Oxygenation, The application of pure 
oxygen or an oxygen-enriched gaseous mixture to a sub- 
ject at elevated pressure. (HHF) 

Hypoharic, Pressures below atmospheric  pressure. 
(HHF) 

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

Immediate Restoration of Service. Automatic restora- 
tion of operation with an interruption of not more than 10 
seconds. (ES) 

Impedance. hnpedance is the ratio of the voltage drop 
across a circuit element to the current flowing through the 
same circuit element. The unit of impedance is the ohm. (EE) 

NOTE: The circuit element can consist of any combina- 
tion of resistance, capacitance, or inductance. 

Incident Command System. (See Incident Management 
System.) 

Incident Management System. The management  sys- 
tem and command structure used dur ing emergency oper- 
ations to identify clearly who is in command of the incident 
and what roles and responsibilities are assigned to various 
members. (DIS) 

Intermittent Positive-Pressure Breathing (IPPB). Ven- 
tilation of the lungs by application of intermittent positive 
pressure to the airway. (GDE) 

Intrinsically Safe. As applied to equipment  and wir- 
ing, equipment  and wiring that are incapable of releasing 
sufficient electrical energy under  normal or abnormal con- 
ditions to cause ignition of a specific hazardous atmo- 
spheric mixture. 

NOTE: Abnormal conditions can include accidental dam- 
age to any part of the equipment or wiring; insulation or 
other failure of electrical components; application of over- 
voltage; adjustment and maintenance operations; and other 
similar conditions. (HHF) 

Isolated Patient Lead, A patient lead whose imped- 
ance to ground or to a power line is sufficiently high that 
connecting 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 u n g r o u n d e d  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 ica l ly  s e p a r a t e d ,  tha t  i n d u c t i v e l y  c oup l e s  its 
ungrounded  secondary winding to the grounded feeder 
system that energizes its primary winding. (ES) 

Laboratory. A building,  space, room, or group of 
rooms intended to serve activities involving procedures for 
investigation, diagnosis, or treatment in which flammable, 
combustible, or oxidizing materials are to be used. These 
laboratories are not intended to include isolated frozen sec- 
tion 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, 
analysis, research, instruction, or similar activities that 
involve the use of chemicals. 

NOTE: This work area might or might not be enclosed. 
(LAB) 
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Leakage Current. Any current, including capacitively 
coupled current,  not intended to be applied to a patient, 
that is conveyed from exposed metal parts of an appliance 
to ground or to other accessible parts of an appliance. (EE) 

Level 3 Compressed Air System. A system of compo- 
nent  parts, including, but not limited to, air compressor, 
motor, receiver, controls, filters, dryers, valves and piping, 
that delivers compressed air < 160 psig (1100 kPa) to 
power devices (hand pieces, syringe, cleaning devices, etc.) 
as a power source. 

NOTE: The system does not produce air to meet the med- 
ical requirements of medical air and is not intended to be 
used for air life support devices. (PIP) 

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 is auto- 
matically connected to alternate power sources dur ing  
interruption 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, 
physical limitation due to accident or illness, or mental lim- 
itations such as mental retardation/developmental disabil- 
ity, mental illness, or chemical dependency. (ADM) 

Limited-Combustible Material. A material (as defined 
in NFPA 220, Standard on Types of Building Construction) not 
complying with the definition of noncombustible material 
that, in the form in which it is used, has a potential heat 
value not exceeding 3500 Btu/lb (8141 kJ/kg) and complies 
with one of the following paragraphs (a) or (b). Materials 
subject 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. (See NFPA 259, Standard Test Method 
for Potential Heat of Building Materials.) 

(a) Materials having a structural base of noncombustible 
material, with a surfacing not exceeding a thickness of l/8 
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. (PIP) 

Line Isolation Monitor. A test instrument  designed to 
continually check the balanced and unbalanced impedance 
from each line of an isolated circuit to g r o u n d  and 
equipped with a built-in test circuit to exercise the alarm 
without adding 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 D5, Test for Penetration of Bituminous Materials. 
When not otherwise identified, the term liquid shall 
include both flammable and combustible liquids. (See 
Appendix C-I0.2.1.) (LAB) 

mA. Milliampere. 

Manifold. A device for connecting the outlets of one or 
more gas cylinders to the central piping system for that 
specific gas. (PIP) 

Manufactured Assembly. A factory-assembled product 
designed for aesthetics or convenience that contains medi- 
cal gas or vacuum outlets, piping, or other devices related 
to medical gases. 

NOTE: Examples are headwalls, columns, ceiling col- 
umns, ceiling hung pendants, movable track systems, etc. 
(PIP) 

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

Medica l  Air  C o m p r e s s o r .  A c o m p r e s s o r  tha t  is 
designed to exclude oil from the air stream and compres- 
sion chamber, and that does not under  normal operating 
conditions or any single fault add any toxic or flammable 
contaminants to the compressed air. (PIP) 

Medical Air. For purposes of this standard, medical air 
is air that (a) is supplied from cylinders, bulk containers, 
medical air compressors, or has been reconstituted from 
oxygen USP and nitrogen NF, and (b) complies with the 
following: 

1. Medical Air USP 

2. Total hydrocarbons 
liquid 
gaseous 

3. Pressure dew point at 50 psig 

4. Permanent  particulates 

nondetectable 
< 25 ppm 

< 39°F (4°C) 

5 milligrams per cu. 
meter at normal 
atmospheric pres- 
sure of particulate at 
1 micron size or 
greater 

NOTE: Air supplied from on-site compressor and associ- 
ated air treatment systems (as opposed to medical air USP 
supplied in cylinders) that complies with the above limits is 
considered medical air. 

Hydrocarbon carryover from the compressor into the 
pipeline distribution system could be detrimental to the 
safety of the end user and to the integrity of the piping sys- 
tem. Mixing of air and oxygen is a common clinical practice, 
and the hazards of fire are increased if the air is thus con- 
taminated. 

Compliance with these limits is thus considered impor- 
tant to fire and patient safety. The quality of local ambient 
air should be determined prior to its selection for compres- 
sors and air treatment equipment. (P1P) 

mY. Millivolt. 

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

Negative Pressure. Pressure less than atmospheric. 
(GDE) 

Nitrogen. An element that, at atmospheric tempera- 
tures and pressures, exists as a clear, colorless, and tasteless 
gas; it comprises approximately four-fifths of the earth's 
atmosphere. (GDE) 

Nitrogen Narcosis. A condition resembling alcoholic 
inebriation, which results from breathing nitrogen in the 
air under  significant pressure. (See C-19.1.3.2.2.) (HHF) 
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Nitrogen, Oil-Free, Dry (Nitrogen for Test ing and Sys- 

I tem Opera t ion) .  Ni t rogen complying,  at a min imum,  
with Grade M in CGA, Inc. Pamphlet  G-10.1, Commodity 
Specification for Nitrogen. (P I P) 

Nitrous Oxide.  An inorganic compound,  one of  the 
oxides of nitrogen; it exists as a gas at atmospheric pres- 
sure and temperature ,  possesses a sweetish smell, and is 
capable of  inducing the first and second stages of  anesthe- 
sia when inhaled; the oxygen in the compound  will be 
re leased u n d e r  condi t ions  of  combust ion,  c rea t ing  an 
oxygen-enriched atmosphere.  (GDE) 

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 -4- 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 
anticipated, will not ignite, burn,  suppor t  combustion, or  
release flammable vapors when subjected to fire or heat. 
Materials  r e p o r t e d  as noncombust ib le ,  when tested in 
accordance with the Standard Test Method for Behavior of 
Materials in a Vertical Tube Furnace at 750°C, ASTM E136, 
shall be considered noncombustible materials. (PIP) 

Nonflammable. An adjective descr ibing a substance 
that will not burn under  the conditions set forth in the def- 
inition of  flame resistant. (HHF) 

Nonf l ammab le  Anes the t i c  Agent .* Refers to those 
inhalation agents that, because of  their vapor  pressure at 
98.6°F (37°C) and at a tmospheric  pressure,  cannot attain 
flammable concentrations when mixed with air, oxygen, or  
mixtures of  oxygen and nitrous oxide. (GDE) 

I Nonflammable  Medical  Gas System. A system of  p iped 
oxygen, nitrous oxide, compressed air, or  other  nonflam- 
mable medical gases. (See Chapter 4, Gas and Vacuum Sys- 
tems.) (PIP) 

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 incapac- 
ity, might be unable to provide for their own needs and 
safety without the assistance of another  person. Nursing 
home, wherever used in this document,  shall include nurs- 
ing and convalescent homes, skilled nursing facilities, inter- 
mediate care facilities, and infirmaries in homes for the 
aged. (ADM) 

Office Practice, Medical/Dental. A bui lding or  par t  
thereof  in which (a) examinations and minor  treatments/  
procedures  are per formed under  the continuous supervi- 
sion of a medical/dental professional, (b) only sedation or 
local anesthesia are involved and t reatment  or procedures  
do not render  the patient incapable of  self-preservation 
under  emergency conditions, and (c) overnight  stays for 
patients or 24-hour operat ion are not provided.  

NOTE: Examples include dental office/clinic, medical 
office/clinic, immediate care facility, and podiatry office. 
(ADM) 

Opera t ing  Supply.  The  port ion of  the supply system 
that normally supplies the piping systems. The  operat ing 
supply consists of  a pr imary supply or  a pr imary and sec- 
ondary supply. (PIP) 

Primary Supply. That  port ion of the equipment  that is 
actually supplying the system. (PIP) 

Secondary Supply. When existing, a supply that automati- 
cally supplies the system when the pr imary supply becomes 
exhausted. This is a normal  operat ing procedure  of  the 
equipment.  (PIP) 

Oxid iz ing  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 e lement  that, at a tmospher ic  tempera-  
tures and pressures, exists as a colorless, odorless, tasteless 
gas. (GDE) 

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; 
also, the physical state of the element  at a tmospheric  tem- 
pera ture  and pressure.  (GDE) 

Oxygen, Liquid. Exists at cryogenic temperature ,  approx-  
imately -300°F (-184.4°C) at a tmospher ic  pressure .  It 
retains all of the propert ies  of  gaseous oxygen, but, in addi- 
tion, when allowed to warm to room tempera ture  at atmo- 
spheric pressure,  it will evaporate and expand to fill a vol- 
ume 860 times its liquid volume. 

NOTE: If spilled, the liquid can cause frostbite on contact 
with skin. (GDE) 

O x y g e n  De l ive ry  E qu ipme n t .  Any device used to 
t ransport  and deliver an oxygen-enriched a tmosphere  to a 
patient. I f  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.  (GDE) 

O x y g e n - E n r i c h e d  Atmosphere .  For the pu rpose  of  
this s tandard,  and only for the purpose  of this s tandard,  an 
a tmosphere  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  suppor t  combustion of  a 
material under  conditions of ASTM D2863, Method for Mea- 
suring the Minimum Oxygen Concentration to Support Candle- 
like Combustion of Plastics (Oxygen Index). (HHF) 

Oxygen  Toxic i ty  (Hyperbar ic) .  Physical impai rment  
resul t ing  from b rea th ing  gaseous mixtures  conta in ing  
oxygen-enriched atmospheres at elevated partial pressures 
for extended periods of  time. Under  the pressures and 
times of  exposure  normally encounte red  in hyperbar ic  
treatments,  toxicity is a direct function of concentration 
and time of exposure.  (See Appendix C-19.1.3.2.3.) (HHF) 

Patient Bed Location. The  location of  a patient sleep- 
ing bed, or  the bed or  procedure  table of  a critical care 
area. (ES) 
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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. 

(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. 

I NOTE: In such areas, patients might be connected to 
patient-care-related electrical appliances (such as heating 
pads, electrocardiographs, drainage pumps, monitors, oto- 
scopes, ophthalmoscopes, 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- 

I nected to l ine-operated,  pat ient-care-related electrical 
appliances. 

Patient-Care-Related Electrical Appliance. An electri- 
cal appliance that is intended to be used for diagnostic, 
therapeutic, or monitoring purposes in a patient care 
vicinity. (EE) 

Patient Care Vicinity. A space, within a location 
intended for the examination and treatment of patients, 
extending 6 ft (1.8 m) beyond the normal location of the 
bed, chair, table, treadmill, or other device that supports 
the patient dur ing examination and treatment. A patient 
care vicinity extends vertically to 7 ft 6 in. (2.3 m) above the 
floor. (EE) 

Patient Equipment Grounding Point. A jack or termi- 
nal that serves as the collection point  for r e d u n d a n t  
grounding  of electric appliances serving a patient care 
vicinity or for grounding other items in order to eliminate 
electromagnetic interference problems. (EE) 

Patient Lead. Any deliberate electrical connection that 
can carry current  between an appliance and a patient. It is 
not intended to include adventitious or casual contacts 
such as a push button, bed surface, lamp, hand-held appli- 
ance, etc. (EE) 

NOTE 1: This can be a sm'face contact (e.g., an ECG elec- 
trode); an invasive connection (e.g., implanted wire or cath- 
eter); or an incidental long-term connection (e.g., conduc- 
tive tubing). 

NOTE 2: Also see definition of isolated patient lead. 

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 facility where  n o n f l a m m a b l e  medical  gases are 
required, with suitable station outlet valves at each use 
point. (PIP) 

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

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

Risers. The vertical pipes connecting the system main 
line(s) with the branch lines on the various levels of the 
facility. (PIP) 

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. (PIP) 

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

Positive-Negative Pressure Breathing. Ventilation of 
the lungs by the application of in te rmi t ten t  positive- 
negative pressure to the airway. (GDE) 

Positive Pressure. Pressure greater  than ambien t  
atmospheric. (GDE) 

Pressure, Absolute. The total pressure in a system with 
reference to zero pressure. (HHF) 

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). (GDE) 

Pressure, Partial. The pressure,  in absolute units,  
exerted by a particular gas in a gas mixture. (The pressure 
contributed 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 
working pressure. In hospitals, the term regulator is fre- 
quently used to describe a regulator that incorporates a 
flow-measuring device. (GDE) 

Pressure, Working. A pressure not exceeding 200 psig 
(11.6 kg/cm2). (GDE) 

NOTE: A pipeline 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 pres- 
sure measurement with zero pressure as the base or refer- 
ence pressure. (HHF) 

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

Quiet Ground. A system of g round ing  conductors,  
insulated from portions of the conventional grounding of 
the power system, that interconnects the grounds of elec- 
tric appliances for the purpose of improving immunity to 
electromagnetic noise. (ES) 

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

1996 Edition 



99-22 HEALTH CARE FACILITIES 

Reactive Material. A material that, by itself, is readily 
capable of detonation, explosive decomposition, or explo- 
sive reaction at normal or elevated temperatures and pres- 
sures. (See Appendix C-10-2.3.3.1 for definitions of Reactivity 3 
and Reactivity 4.) (LAB) 

Reference Grounding Point. A terminal bus that is the 
equipment  grounding bus, or an extension of the equip- 
ment grounding bus, and is a convenient collection point 
for installed g round ing  wires or other bond ing  wires 
where used. (EE) 

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

Relative Analgesia. A state of sedation and partial 
block of pain perception produced in a patient by the inha- 
lation of concentrations of nitrous oxide insufficient to pro- 
duce loss of consciousness (conscious sedation). (GDE) 

Remote.* A use point and/or the gas system storage 
shall be considered remote if it cannot be accessed directly 
by walking 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 con- 
sidered a separate single treatment facility. (PIP) 

Reserve Supply. Where existing, that portion of the 
supply 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 
operating procedure. (PIP) 

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 inter- 
nal pressure when subjected to fire exposure. (LAB) 

I Scavenging -- Waste Gas. See Waste Anesthetic Gas 
Disposal. 

SCFM. Standard cubic feet per minute. The unit used 
to express the measure of the volume of a gas flowing at 
standard conditions --  a temperature of 68°F (20°C) and a 
pressure of 1 atmosphere (29.92 in. of Hg). (PIP) 

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

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

Semipermanent Connection. A nonin te rchangeable  
gas connec t ion ,  usually a D.I.S.S. connector ,  that is 
intended to be detached only for service and is not the 
point at which the user makes connections or disconnec- 
tions. (PIP) 

Service Inlet.  The pneumatic terminus of a piped vac- 
uum system that does not serve a critical Level 1 vacuum 
system. 

Service Outlet. The pneumatic terminus of a piped gas 
system that does not serve critical, continuous duty, non- 
flammable medical life support  type gases such as oxygen, 
nitrous oxide, or medical air. (PIP) 

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 travels 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. (PIP) 

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 
canopy or incubator, the site of intentional expulsion nor- 
mally 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 
expulsion. Actual expulsion can occur at other sites remote 
from the intended site due to disconnections, leaks, or rup- 
ture of gas conduits and connections. Vigilance on the part 
of the patient care team is essential to ensure system integ- 
rity. (GE) 

Station Inlet .  An inlet point  in a Type I medical- 
surgical piped vacuum distribution system at which the 
user makes connections and disconnections. (PIP) 

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

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

] 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 sys- 
tem to provide multiple gas station outlet locations within a 
single patient room or critical care area. (PIP) 

Task Illumination. Provisions for the min imum light- 
ing 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) 

Terminal. The end of a flexible hose or tubing used in 
a manufactured assembly where the user is intended to 
make connection and disconnection. (PIP.) 

NOTE: Terminals are constructed to comply with 
4-4.1.2.4. 

Tube, Endotracheal. A tube for insertion through the 
mouth or nose into the upper  portion of the trachea 
(windpipe). 
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NOTE: An endotracheal tube can be equipped with an 
inflatable cuff. (GDE) 

Tube, Tracheotomy.  A curved tube for insertion into 
the trachea (windpipe) below the larynx (voice box) during 
the performance of an appropriate operative procedure 
(tracheotomy). 

NOTE: A tracheotomy tube may be equipped with an 
inflatable cult'. (GDE) 

Unattended Laboratory Operation. A laboratory pro- 
cedure or operation at which there is no person present 
who is knowledgeable regarding the operation and emer- 
gency shutdown procedures. Absence for even short peri- 
ods without coverage by a knowledgeable person consti- 
tutes 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 is permitted to be comprised of a num- 
ber of station outlets of different gases. (PIP) 

Utility Center (J box). The control enclosure for all 
services used. 

NOTE: Typically includes electrical receptacle(s), com- 
pressed air, nitrogen, vacuum, and water. 

Vacuum System --  Level 1. 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 termi- 
nating with suitable station inlets at locations where patient 
suction might be required. (PIP) 

Vacuum System --  Level 3. A vacuum system, either a 
wet or dry piping system, designed to remove liquid, air- 
gas, and solids from the treated area. (PIP) 

NOTE 1: The system is not intended for Level 1 vacuum 
applications. 

NOTE 2: A wet piping system is designed to accommodate 
liquid, air-gas, and solids through the service inlet. 

NOTE 3: A dry piping system is designed to accommodate 
air-gas only through the service inlet. (Liquid(s) and solid(s) 
are trapped before entering the service inlet.) 

WAGD Interface. A device provided on the anesthesia 
gas machine that connects the WAGD network to the 
patient breathing circuit. 

NOTE: Interfaces are provided with overpressure, under- 
pressure, overflow, and underflow compensation to ensure 
the breathing circuit is isolated from the WAGD system. 
(PlP) 

Waste Anesthetic Gas Disposal (WAGD). The process 
of capturing and carrying away gases vented from the 
patient breathing circuit during the normal operation of 
gas anesthetic equipment. (PI P) 

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. (ADM) 

C h a p t e r  3 E lec tr i ca l  S y s t e m s  

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 (t) 
include text extracted from NFPA 110, Standard for Emer- 
gency and Standby Power Systems, 1996 edition. Requests for 
interpretations or revisions of the extracted text will be 
referred to the Technical 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 i l lumination 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 permitted to be the essential electrical system. 

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

3-2* Nature of Hazards. The hazards attendant to the 
use of electricity include electrical shock, thermal injury, 
and in te r rup t ion  of power. (For further information see 
Appendix A-3-2. ) 

3-2.1 Fire and Explosions.  Electrical systems can be sub- 
ject to the occurrence of electrical fires. Grounding  sys- 
tems, overcurrent protective devices, and other subjects 
discussed in this standard might be intended for fire pre- 
vention as well as other purposes. This aspect of electrical 
systems is the primary focus of other NFPA standards and 
will not be emphasized herein. 

3-2.2 Shock. 

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

3-2.2.2* Cont ro l .  Cont ro l  of electric shock hazard 
requires the limitation of electric current  that might flow in 
an electric circuit involving the patient 's  body and is 
accomplished through a variety of alternative approaches 
covered in Appendix A-3-2.2.2. 

3-2.3 Thermal.  (Reserved) 

3-2.4 Interruption of  Power. 

3-2.4.1 Genera l .  Medical and  n u r s i n g  sciences are 
becoming progressively more d e p e n d e n t  on electrical 
appara tus  for the preservat ion of life of hospitalized 
patients. For example, year by year more cardiac opera- 
tions are performed, in some of which the patient's life 
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depends  on artificial circulation of the blood; in o ther  
operations,  life is sustained by means of  electrical impulses 
that stimulate and regulate heart  action; in still others, suc- 
tion developed by electrical means is routinely relied on to 
remove body fluids and mucus that might otherwise cause 
suffocation. In another  sense, lighting is needed in strate- 
gic areas in o rder  that precise procedures  can be carried 
out, and power is needed to safeguard such vital services as 
refrigerated stores held in tissue, bone, and blood banks. 

In ter rupt ion  of normal  electrical service in health care 
facilities can 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 facility. For all such situations, electrical systems should 
be planned to limit internal disrupt ion and to provide for 
continuity of  vital services at all times. Outages might be 
corrected in seconds or might require hours for correction. 
This indicates that the system or  protection needs to be 
designed to cope with the longest probable outage. 

Selecting vital areas and functions cons idered  to be 
essential,  des igning safeguards to ensure  continui ty in 
these circuits, and maintaining the electrical and mechani- 
cal components  of  such essential services so that they will 
work when called on are complex problems that warrant  
s tandardized guidance for regulat ing agencies, governing 
boards,  and adminis t ra tors  of health care facilities and 
architects and engineers concerned with their construc- 
tion. Such guidance is offered in this chapter.  

This chapte r  is predica ted  on the basic pr inciple  of  
achieving dependabil i ty.  It is in tended to recognize the dif- 
ferent degrees of  reliability that can result from varying 
approaches  to electrical design. Therefore ,  its require-  
ments have been developed to allow the designer the flex- 
ibility needed to achieve a reliable electrical system. 

3-2.4.2 Need  to Maintain Power.  In t e r rup t ion  of  the 
supply of  electric power  in a facility can be a hazard.  
Implementa t ion  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 1, The Safe Use of High-Frequency Electricity in 
Health Care Facilities, at the end of this document for recommen- 
dations.) 

3-3 Normal (AC) Electrical System Requirements. 

3-3.1 Sources.  Each appl iance of  a hospital requir ing  
electrical line power for operat ion shall be suppor ted  by 
power sources and distribution systems that provide power 
adequate  for each service. 

3-3.1.1 Power/Utility Company. (Reserved) 

3-3.1.2 On-Site Generator Set. (Reserved) 

3-3.2 Distribution. 

3-3.2.1 General. 

3-3.2.1.1 Electrical Installation. Installation shall be in 
accordance with NFPA 70, National Electrical Code. 

3-3.2.1.2 All Patient Care Areas. (See Chapter 2 for  defini- 
tion of patient care area.) 

(a)* Wiring, Regular Voltage. 

1.* Circuits. Branch circuits serving a given patient 
bed location shall be fed from not more than one normal 
branch circuit distribution panel. When required,  branch 
circuits serving a given patient  bed location shall be per- 
mitted to be fed from more than one emergency branch 
circuit distribution panel. 

Critical care areas shall be served by circuits from 
(1) critical branch panel(s) served from a single automatic 
transfer switch, and (2) a minimum of  one circuit served by 
the normal power distribution system or  by a system orig- 
inating from a second critical branch transfer switch. 

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. 

2. Grounding. 
a. Grounding  Circuitry Integrity. Grounding  cir- 

cuits and conductors in patient care areas shall be installed 
in such a way that the continuity of  other  parts of those 
circuits cannot be in te r rup ted  nor the resistance raised 
above an acceptable level by the installation, removal, or  
replacement  of any installed equipment,  including power 
receptacles. 

b.* Reliability of Grounding.  In all pat ient  care 
areas the reliability of  an installed grounding  circuit to a 
power receptacle shall be at least equivalent to that pro- 
vided by an electrically continuous copper  conductor  of 
appropr ia te  ampacity run from the receptacle to a ground-  
ing bus in the distribution panel. The  grounding  conduc- 
tor shall conform to NFPA 70, National Electrical Code. 

Exception: Existing construction that does not use a separate 
grounding conductor shall be permitted to continue in use pro- 
vided that it meets the performance requirements in 3-3.3.2, 
Grounding System in Patient Care Areas. 

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

3.* Grounding Interconnects. In pat ient  care areas 
supplied by the normal distribution system and any branch 
of the essential electrical system, the grounding  system of  
the normal  distribution system and that of  the essential 
electrical system shall be interconnected. 

4. Circuit Protection. 
a. The main and downstream ground-faul t  protec- 

tive devices (where requi red)  shall be coo rd ina t ed  as 
required in 3-3.2.1.5. 

NOTE: Within the constraints of the equipment provided, 
consideration should be given to coordinating circuit break- 
ers, fuses, and other overcurrent protective devices so that 
power interruption in that part of the circuit that precedes 
the interrupting device closest to a fault is not likely to 
occur. 

b. If used, ground-fault circuit interrupters (GFCIs) 
shall be approved for the purpose. 

NOTE: Listed Class A g round- fau l t  circuit  in t e r rup te r s  
trip when a fault current to ground is 6 mA or more. 

5. Wiring in Anesthetizing Locations. 
I a. Wiring. Installed wiring shall be in metal race- 

way or shall be as required in NFPA 70, National Electrical 
Code, Sections 517-60 through 517-63. 

1996 Edition 



ELECTRICAL SYSTEMS 99-25 

b. Raceway. Such dis t r ibut ion systems shall be 
run in metal raceways along with a green grounding wire 
sized no smaller than the energized conductors. 

c. G r o u n d i n g  to Raceways. Each device con- 
nec ted  to the d i s t r ibu t ion  system shall  be effectively 
grounded  to the metal raceway at the device. 

d. Installation. Methods of  installation shall con- 
form to Articles 250 and 517 of  NFPA 70, National Electri- 
cal Code. I e. Battery-Powered Emergency Lighting Units. 
One or more bat tery-powered emergency lighting units 
shall be provided in accordance with NFPA 70, National 
Electrical Code, Section 700-12(e). 

(b) Wiring, Low-Voltage. 
1. Fixed systems of 30 V (dc or ac rms) or less shall be 

u n g r o u n d e d ,  a n d  t h e  i n s u l a t i o n  b e t w e e n  e a c h  
ungrounded  conductor  and the pr imary circuit, which is 
supplied from a conventionally grounded  distribution sys- 
tem, shall provide the same protection as required for the 
pr imary voltage. 

Exception: A grounded low-voltage system shall be permitted 
provided that load currents are not carried in the grounding con- 
ductors. 

2. Wiring for low-voltage control systems and none- 
mergency communications and signaling systems shall not 
be required to be installed in metal raceways in anesthetiz- 
ing locations. 

(c) Switches, Anesthetizing Locations. Switches controlling 
ungrounded  circuits wi th in  or partially within an inhala- 
tion anesthetizing location shall have a disconnecting pole 
for each conductor.  

(d) Receptacles. 
1.* Types of Receptacles. Each power receptacle shall 

provide at least one separate, highly dependable grounding 
pole capable of maintaining low-contact resistance with its 
mating 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. 

2. Minimum Number of Receptacles. The  number  of  
receptacles shall be determined by the intended use of  the 
pat ient  care area. The re  shall be sufficient receptacles 
located so as to avoid the need for extension cords or mul- 
tiple outlet adapters.  

a. Receptacles for Patient Bed Locations in General 
Care Areas. Each patient bed location shall be provided 
with a minimum of  four receptacles. 

b. Receptacles for Patient Bed Locations in Critical 
Care Areas. Each patient bed location shall be provided 
with a minimum of  six receptacles. 

Exception No. 1: Receptacles shall not be required in bathrooms 
or toilet rooms. 

Exception No. 2: Receptacles shall not be required in areas 
where medical requirements mandate otherwise; e.g., certain psy- 
chiatric, pediatric, or hydrotherapy areas. 

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

4. Anesthetizing Location Receptacles. Receptacles for 
use in anesthetizing locations shall be listed for the use. 

In  anesthetizing locations of  new and existing construc- 
tion having receptacles on isolated and grounded  power, 
all receptacles shall be identified as to whether they are on 
isolated or  g rounded  power. 

5. Receptacles and Amperage. Receptacles for use with 
250-volt, 50-ampere,  and 60-ampere ac service shall be 
designed for use in anesthetizing locations and shall be so 
designed that the 60-ampere receptacle will accept either 
the 50-ampere or  the 60-ampere plug. Fifty-ampere recep- 
tacles are to be designed so as not to accept the 60-ampere 
at tachment plug. These receptacles shall be of  the two- 
pole, three-wire design with the third contact connecting to 
the (green or green with yellow stripe) grounding wire of  
the electric system. 

6. Other Services Receptacles. Receptacles provided for 
other  services having different voltages, frequencies, or  
types on the same premises shall be of such design that 
at tachment plugs and caps used in such receptacles cannot 
be connected to circuits of  a different voltage, frequency, 
or type, but shall be interchangeable within each classifica- 
tion and rat ing required for two-wire, 125-volt, single- 
phase ac service. 

(e) Special Grounding. 
1. Use of Quiet Grounds. A quiet ground,  if used, shall 

not  defeat  the purposes  of  the safety features  of  the 
grounding systems detailed herein. 

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

2. Patient Equipment Grounding Point. A pa t i en t  
equ ipmen t  g r o u n d i n g  poin t  compr i s ing  one or  more  
g rounding  terminals  or jacks shall be permi t ted  in an 
accessible location in the patient care vicinity. 

3. Special Grounding in Patient Care Areas. In addit ion 
to the g r o u n d i n g  r equ i r ed  to meet  the pe r fo rmance  
requirements of 3-3.3.2, additional grounding shall be per- 
mitted where special circumstances so dictate. (See A-3-2, 
Nature of Hazards.) 

NOTE: Special grounding methods might be required in 
patient vicinities immediately adjacent to rooms containing 
high-power or high-frequency equipment that causes elec- 
trical interference with monitors or other electromedical 
devices. In extreme cases, electromagnetic induction can 
cause the voltage limits of 3-3.3.2 to be exceeded. 

Electromagnetic interference problems can 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 helpful. 
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 can interfere with patient care 
procedures or present trip hazards. 

(f) Wet Locations. 

1. Wet location patient care areas shall be provided 
with special protection against electric shock. This special 
protection shall be provided by a power distribution system 
that inherently limits the possible ground-fault  current  due 
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to a first fault to a low value, without interrupt ing the 
power supply; 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. 

NOTE: Moisture can reduce the contact resistance of the 
body, and electrical insulation is more subject to failure. 

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

Exception No. 2: In existing construction, the requirements of 
3-3.2.1.2(]')1 are not required when written inspection procedure, 
acceptable to the authority having jurisdiction, is continuously 
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 accordance with NFPA 70, National Electrical Code, and 
applicable performance requirements of this chapter. The proce- 
dure shall include electrical continuity tests of all required equip- 
ment, grounding conductors, and their connections. These tests 
shall be conducted as follows: 

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, or 
(4) at intervals not exceeding 6 months. 

2. The use of an isolated power system (IPS) shall be 
permitted 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 
3-3.2.2. 

3. Where power interruption under  first fault condi- 
tion (line-to-ground fault) is tolerable, the use of a ground- 
fault circuit interrupter  (GFCI) shall be permitted as the 
protective means that monitors the actual ground fault 
cu r ren t  and in te r rup ts  the power when that cu r ren t  
exceeds 6 mA. 

(g) Isolated Power. An isolated power system shall not 
be required to be installed in any patient care area except 
as specified in 3-3.2.1.2(0. The system shall be permitted to 
be installed, however, and when installed, shall conform to 
the performance requirements specified in 3-3.2.2. 

3-3.2.1.3 Laboratories. Power outlets shall be installed in 
accordance with NCCLS Standard ASI-5, Power Require- 
ments for Clinical Laboratory Instruments and for Laboratory 
Power Sources. Outlets with two to four receptacles, or an 
equivalent power strip, shall be installed every 1.6 to 3.3 ft 
(0.5 to 1.0 m) in instrument  usage areas, and either instal- 
lation is to be at least 3,15 in. (8 cm) above the countertop. 

3-3.2.1.4 Other Nonpatient Areas. (Reserved) 

3-3.2.I.5 Ground-Faul t  Protection. When ground-fault  
protection is provided for operat ion of the service or 
feeder disconnecting means, an additional step of ground- 
fault protection shall be provided in the next level of 
feeder downstream toward the load. Ground-fault  protec- 
tion for operation of the service and feeder disconnecting 
means shall be fully selective such that the downstream 
device and not the upstream device shall open for down- 
stream ground faults. The additional step of ground-fault 

protection shall not be required where the service or 
feeder disconnecting means does not serve patient care 
areas or equipment  intended to support  life, such as clini- 
cal air compressors and vacuum pumps. When equipment 
ground-fault  protection is first installed, each level shall be 
performance tested to ensure compliance with the above. 

3-3.2.2* Isolated Power Systems. 

3-3.2.2.1 Isolation Transformer. 

(a) The isolation transformer shall be approved for the 
purpose. 

(b) The primary winding shall be connected to a power 
source so that it is not energized with more than 600 V 
(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. 

(c) Wiring of isolated power systems shall be in accor- 
dance with Section 517-62 of NFPA 70, National Elec- 
trical Code. 

3-3.2.2.2 Impedance of Isolated Wiring. 

(a) 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 
shall include receptacles but is not required to include 
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 shall be permitted to be performed 
with the line isolation monitor (see 3-3.2.2.3) connected, 
provided 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 mitliammeter shall be 
removed and the grounding connection of the line isola- 
tion 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 evaluation. 

NOTE 1: Before conducting this test, it should be deter- 
mined that no phase conductor is at ground potential. 

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-fi) 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- 
st,ant greater than 6100 megohmmeters (20,000 megohm-ft) at 
60°F (16°C) reduces the monitor hazard current. 

NOTE 4: To correct milliammeter reading to line 
impedance: 

Line impedance (in ohms) - 
V x 1000 

I 

where V = isolated power system voltage and I = milliam- 
meter reading made during impedance test. 
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(b) An approved capacitance suppressor shall be permit- 
ted to be used to improve the impedance of the perma- 
nently installed isolated system; however, the resistive 
impedance to ground of each isolated conductor of the 
system shall be at least 1 megohm prior to the connection 
of the suppression equipment.  Capacitance suppressors 
shall be installed so as to prevent inadvertent disconnection 
dur ing  normal use. 

3-3.2.2.3 Line Isolation Monitor. 

(a) In  addi t ion 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 
isolated 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 
isolated power conductor and ground. The line isolation 
monitor provides warning when a single fault occurs, or 
when excessively low impedance to ground develops, which 
might 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. 

(b) The monitor shall be designed such that a green sig- 
nal lamp, conspicuously visible to persons in the anesthe- 
tizing location, remains lighted when the system is ade- 
quately isolated from ground;  and an adjacent red signal 
lamp and an audible warning signal (remote if desired) 
shall be energized when the total hazard current  (consist- 
ing of possible resistive and capacitive leakage currents) 
from either isolated conductor to ground reaches a thresh- 
old value of 5.0 mA under  normal line voltage conditions. 
The line isolation monitor shall not alarm for a fault haz- 
ard current  of less than 3.7 mA. 

NOTE: A 120-V (nominal) 60-Hz ac system of moderate 
ampacity is assumed for the description of the specification 
of the line isolation monitor in 3-3.2.2.3(a). If other systems 
are considered, modifications are required, e.g., for other 
voltages or frequencies, and installed impedance; sensitivity 
(alarm) levels remain the same, however. 

(c) The line isolation monitor shall have sufficient inter- 
nal impedance such that, when properly connected to the 
isolated system, the maximum internal current  that will 
flow through the line isolation monitor, when any point of 
the isolated system is grounded,  shall be 1 mA. 

Exception: The line isolation monitor is permitted to 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 exceed- 
ing 5 milliseconds. 

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

(d) An ammeter  connected to indicate the total hazard 
current  of the system (contribution of the fault hazard cur- 
rent plus monitor hazard current) shall be mounted in a 
plainly visible place on the line isolation monitor with the 
"alarm on" (total hazard cur ren t  = 5.0 mA) 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 section, 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 such that it is con- 
spicuously visible to persons in the anesthetizing location. 

(e) Means shall be provided for shutting off the audible 
alarm while leaving the red warning lamp activated. When 
the fault is corrected and the green signal lamp is reacti- 
vated, the audible alarm silencing circuit shall reset auto- 
matically, or an audible or distinctive visual signal shall 
indicate that the audible alarm is silenced. 

(~ 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 "a larm on"  zone). This switch shall t ransfer  the 
grounding connection of the line isolation monitor from 
the re ference  g r o u n d i n g  poin t  to a test impedance  
arrangement  connected across the isolated line; the test 
impedance(s) shall be of the appropriate magnitude to pro- 
duce a meter reading corresponding to the rated total haz- 
ard current  at the nominal line voltage, or to a lesser alarm 
hazard current  if the line isolation monitor is so rated. The 
operation of this switch shall break the grounding connec- 
tion of the line isolation monitor to the reference ground- 
ing 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 impedance of 
the system. The test switch shall be of a self-restoring type. 

(g) 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 104 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 mV when the gain 
is 104. 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). 

3-3.2.2.4 I d e n t i f i c a t i o n  of Conductors  for Isolated 
(Ungrounded) Systems. The isolated conductors shall be 
identified in accordance with Section 517-160(a)(5) of 
NFPA 70, National Electrical Code. 

3-3.3 Performance Criteria and Testing. 

3-3.3.1 (Reserved) 

3-3.3.2 Grounding System in Patient Care Areas. 

3-3.3.2.1" Grounding System Testing. The effectiveness 
of the grounding system shall be determined by voltage 
measurements and impedance measurements. 

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

Exception No. 1: Small, wall-mounted conductive sulfaces, not 
likely to become energized, such as surface-mounted towel and soap 
dispensers, mirrors, and so forth, need not be intentionally 
grounded o1 tested. 
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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. 

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

NOTE: The grounding system (reference ground and 
conduit) is to be tested as an integral system. Lifting of 
grounds from receptacles and fixed equipment is not 
required or recommended for the performance of this test. 

3-3.3.2.2 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 pow- 
ered from a different branch circuit from the receptacle 
under  test. 

3-3.3.2.3* Voltage Measurements. The voltage measure- 
ments shall be made under  no-fault conditions between a 
reference point and exposed fixed electrical equipment  
with conductive surfaces in a patient care vicinity. The volt- 
age measurements shall be made with an accuracy of -+ 20 
percent. 

I Exception: Faceplates of wiring devices. 

NOTE: The reference point may be the reference 
grounding point or the grounding contact of a convenient 
receptacle. 

3-3.3.2.4 Impedance Measurements. The impedance mea- 
surement shall be made with an accuracy of -- 20 percent. 

(a) New Construction. The impedance  measurement  
shall be made between the reference point  and  the 
g round ing  contact of 10 percent  of all receptacles in 
patient care vicinities. The impedance measurement  shall 
be the ratio of the 60-Hz or at dc voltage developed 
between a point under  test and a reference point to 60-Hz 
or at dc current  applied to the point under  test. 

NOTE: It is not the intent that each receptacle be tested. 
It is intended that compliance be demonstrated through 
random testing. 

3-3.3.2.5 Test Equipment. Electrical safety test instru- 
ments shall be tested periodically, but not less than annu-  
ally, for acceptable performance. 

(a) Voltage measurements specified in 3-3.3.2.3 shall be 
made with an ins t rument  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 instruments 
used in occupied patient care areas shall not exceed 
500 mV rms or 1.4 dc or peak to peak. 

3-3.3.2.6 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. 

3-3.3.3 Receptacle Testing in Patient Care Areas. 

(a) The physical integrity of each receptacle shall be 
confirmed 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 g (4 oz). 

I 3-3.3.4 Isolated Power Systems. 

3-3.3.4.1 Patient Care Areas. If installed, the isolated 
power system shall be tested in accordance with 3-3.3.4.2. 

3-3.3.4.2 Line  Isolation Monitor Tests. The proper  
functioning of each line isolation monitor (LIM) circuit 
shall be ensured 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 3-3.2.2.3(b)] shall be activated. 

(b) The LIM circuit shall be tested at intervals of not more 
than 1 month by actuating the LIM test switch [see 
3-3.2.2.3(D ]. For a LIM circuit with automated self-test and 
self-calibration capabilities, this test shall be performed at 
intervals of not more than 12 months. 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 6 months, 
the LIM circuit shall be tested in accordance with para- 
graph (a) above and only when the circuit is not otherwise 
in use. For a LIM circuit with automated self-test and self- 
calibration capabilities, this test shall be performed at inter- 
vals of not more than 12 months. 

3-3.4 Administration of Electrical System. 

3-3.4.1 Source, 

NOTE: Administration is in conjunction with 3-3.4.2, Dis- 
tribution. 

3-3.4.2 Distribution. 

3-3.4.2.1 Responsibilities of  Governing Body. 

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

3-3.4.2.2 Policies. (Reserved) 

3-3.4.2.3 Maintenance and Testing of Normal Electrical 
System. 

(a) Testing Interval for Receptacles in Patient Care Areas. 

1. Testing shall be performed after initial installation, 
replacement, or servicing of the device. 

2. Additional testing shall be performed at intervals 
defined by documented performance data. 

Exception: Receptacles not listed as hospital-grade shall be tested 
at intervals not exceeding 12 months. 

3-3.4.3 Recordkeeping. 

3-3.4.3.1" General.  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 
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date, the rooms  or  areas tested, and an indicat ion of  which 
i tems have met  or  have failed to mee t  the pe r fo rmance  
r equ i r emen t s  of  this chapter .  

3-3.4.3.'l Isolated Power System (Where Installed). A 
p e r m a n e n t  record  shall be kept  of  the results of  each o f  the 
tests. 

3-3.4.4 Information and Warning Signs. (Reserved) 

I 3-4 Essential Electrical System Requirements -- Type I. 

3-4.1 Sources (Type 1 EES). 

3-4.1.1 On-Site Generator Set. 

3-4.1.1.1" Design Considerations. Dual sources o f  nor-  
mal power  shall be cons idered .  Such dual  sources o f  nor-  
mal power  shall not  const i tute  an a l ternate  source o f  power  
as descr ibed in this chapter .  

NOTE: Facilities whose normal source of power is sup- 
plied by two or more separate central-station-fed services 
(dual sources of normal power) experience greater reliabil- 
ity than those with only a single feed. 

Distr ibution system a r r angemen t s  shall be des igned  to 
min imize  in t e r rup t ions  to the electrical  systems due  to 
internal  failures by the use o f  adequate ly  rated equ ipment .  
A m o n g  the factors to be cons idered  are: 

(a) Abnormal  currents .  Cur ren t - sens ing  devices, phase 
and g round ,  shall be selected to minimize  the ex ten t  of  
in te r rup t ion  to the electrical system due  to abnorma l  cur-  
rent  caused by over load  and /or  short  circuits. 

(b) Abnormal  voltages such as single phas ing  o f  three-  
phase uti l ization e q u i p m e n t ,  switching and /o r  l igh tn ing  
surges, voltage reduct ions,  etc. 

(c) Capabili ty o f  achieving the fastest possible restora- 
tion of  any given circuit(s) after c lear ing a fault. 

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

(e) Stability and power  capability of  the p r ime  m o v e r  
du r ing  and after abnorma l  condit ions.  

(f) Sequence  reconnec t ion  of  loads to avoid large cur- 
rent  inrushes  that  trip o v e r c u r r e n t  devices or  over load  the 
generator(s) .  

NOTE: Careful consideration should be given to the loca- 
tion of the spaces housing the components of the essential 
electrical system to nfinimize interruptions caused by natu- 
ral forces common to the area (e.g., storms, floods, or earth- 
quakes, or hazards created by adjoining structures or activ- 
ities). Consideration should also be given to the possible 
interruption of normal electrical services resulting fronl 
similar causes as well as possible disruption of normal elec- 
trical service due to internal 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 facility to prevent possible simuha- 
neous destruction as a result of a local catastrophe. 

In selecting electrical distribution arrangements and 
components 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, provided the protection is not required to pre- 
vent a greater threat to human life such as fire, explosion, 
electrocution, etc., than would be caused by the lack of 
essential electrical supply. 

(g) Bypass arrangements to permit  testing and maintenance 
of  system components that could not otherwise be maintained 
without disruption of  important hospital functions. 

(h) Effects of  any ha rmon ic  cur rents  on neut ra l  conduc-  
tors and equ ipment .  

(i) Gene ra to r  load shed circuits des igned  for the pur-  
pose of  load reduc t ion  or  for load pr ior i ty  systems shall not  
shed e m e r g e n c y  system loads, medical  air compressors ,  
m e d i c a l - s u r g i c a l  v a c u u m  p u m p s ,  fuel  p u m p s ,  j o c k e y  
pumps ,  or  o the r  gene ra to r  accessories. 

3-4.1.1.2 Essential electrical systems shall have a mini-  
m u m  of  two i n d e p e n d e n t  sources  o f  power :  a n o r m a l  
source general ly supplying the ent i re  electrical system, and 
one  or  more  a l ternate  sources for use when the normal  
source is in te r rup ted .  

3-4.1.1.3 T h e  a l ternate  source of  power  shall be a gener -  
ator(s) d r iven  by some form of  p r ime  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. 

3-4.1.1.4 Genera l .  Gene ra to r  sets installed as an alter-  
nate  source of  power  for essential electrical systems shall be 
des igned to mee t  the r equ i r emen t s  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-  
e r a t o r  sets p e r  N F P A  i10 ,  Standard for Emergency and 
Standby Power Systems. 

(b) T y p e  I I I  essential electrical system power  sources 
shall be classified as Type  10, Class X, Level 2 gene ra to r  
sets pe r  NFPA 110, Standard for Emergency and Standby 
Power Systems. 

3-4.1.1.5 Exclusive Use for Essential Electrical Systems. 

(a) The  generating equipment  used shall be either reserved 
exclusively for such service or  normally used for other  pur- 
poses. If  normally used for other  purposes, two or more sets 
shall be installed, such that the maximum actual demand likely 
to be produced by the connected load of  the emergency system 
as well as medical air compressors, medical-surgical vacuum 
pumps, electrically operated fire pumps, jockey pumps, fuel 
pumps, and generator accessories shall be met with the largest 
single generator set out of  service. 

NOTE: It is the intent of this section that load shed cir- 
cuits, if provided, not shed the above equipment upon loss 
of the largest single generator. 

Exception: A single generator set that operates the essential electri- 
cal system shall be permitted to be part of the system supplying the 
entire electrical system for the purposes of (1) peak demand control, 
(2) internal voltage control, (3) load relief for the external utility, or 
(4) cogeneration, provided any such use will not decrease the mean 
~eriod between se~ice overhauls to less than 3 years. 

(b) Any loads served by the generating equipment  not per- 
mitted in 3-4.2 to be on the essential electrical system shall be 
served by their own transfer switch(es) such that these loads: 

1. Shall not  be t ransfer red  onto  the genera t ing  equip-  
ment  if the transfer  will over load  the genera t ing  equip-  
ment ;  and 

2. Shall be shed upon a generating equipment  overload. 

This  shall not  const i tute  an "o the r  use" as descr ibed in 
3-4.1.1.5(a). 
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3-4.1.1.6t 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, 5-2.4] 

3-4.1.1.7 Capacity and Rating. The generator set(s) shall 
have sufficient capacity and proper rating to meet the maxi- 
mum actual demand likely to be produced by the connected 
load of the essential electrical system(s) at any one time. 

NOTE: It is the intent of this section to mandate genera- 
tor sizing based upon actual demand likely to be produced 
by the connected load of the essential electrical systera(s) at 
any one time. It is not the intent of this section that gener- 
ator sizing be based upon connected load or feeder calcula- 
tion procedures described in NFPA 70, National Electrical 
Code. Demand calculations should be based upon prudent 
demand factors and historical data. 

3-4.1.1.8t Load Pickup. The generator set(s) shall have 
sufficient capacity to pick up the load and meet the mini- 
mum frequency and voltage stability requirements of the 
emergency system within 10 seconds after loss of normal 
power. [110: 3-4.1] 

3-4.1.1.9"j" Maintenance of Temperature. Provisions shall 
be made to maintain the generator room at not less than 

I 50°F (10°C) or the engine water-jacket temperature at not 
less than 90°F (32°C). [110: 3-3.1, 5-7.6] 

3-4.1.1.10t Ventilating Air. Provision shall be made to 
provide adequate air for cooling and to replenish engine 
combustion air. [110: 5-7.2, 5-7.4] 

3-4.1.1.11 Cranking Batteries. In t e rna l  combus t ion  
engine cranking batteries shall meet the cranking require- 
ments of NFPA 110, Standard for Emergency and Standby 
Power Systems. 

3-4.1.1.12t Compressed Air Starting Devices. Internal  
combustion engine air starting devices shall have sufficient 
capacity to supply five 10-second cranking attempts, with 
not more than a 10-second rest between attempts, with the 
compressor not operating. [110: 3-5.4] 

3-4.1.1.13 Fuel Supply. The fuel supply for the genera- 
tor set shall comply with paragraphs 3-1.1 and 3-4.2 of 
N FPA 110, Standard for Emergency and Standby Power Systems. 

3-4.1 .1 .14t  Requirements for Safety Devices. [110: 
3-5.5.2] 

(a) hzternal Combustion Engines. In ternal  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 
3-4.1.1.9. 

2. Sensor devices plus visual prealarm warning device 
to indicate: 

a. High engine temperature (above manufacturer 's 
recommended sate operating temperature range). 

b. Low lubricating oil pressure (below manufactur- 
er's recommended safe operating range). 

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

a. Overcrank (failed to start). 
b. Overspeed. 
c. Low lubricating oil pressure. 
d. 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 
operating 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 emer- 
gency or auxiliary power sources shall be equipped with a 
sensor device to warn that the main fuel tank contains less 
than a 3-hour operating supply. 

3-4.1.1.15t 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: 

(a) 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 
indicate: 

1. Low lubricating oil pressure. 
2. Low water temperature (below those required in 

3-4.1.1.9). 
3. Excessive water temperature. 
4. Low fuel --  when the main fuel storage tank con- 

tains less than a 3-hour operating supply. 
5. Overcrank (failed to start). 
6. Overspeed. 

Where a regular work station will be unattended periodi- 
cally, 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 3-4.1.1.15(a) and (b) occur, but need not 
display these conditions individually. [110: 3-5.5.2] 

3-4.1.2 Battery. Battery systems shall meet all require- 
ments of Article 700 of NFPA 70, National Electrical Code. 

3-4.1.3 Separate Utility. (Reserved) 

3-4.2 Distribution (Type 1 EES). 

NOTE: It must be emphasized that the type of system 
selected and its area and type of coverage should be appropri- 
ate to the medical procedures being performed in the facility. 
For example, a battery-operated emergency light that switches 
"on" when normal power is interrupted and an alternate 
source of power for suction equipment, along with the imme- 
diate availability of some portable hand-held lighting, would 
be advisable where oral and maxillofacial surgery (e.g., extrac- 
tion of impacted teeth) is performed. On the other hand, in 
dental offices where simple extraction, restorative, prosthetic, 
or hygienic procedures are performed, only remote corridor 
lighting for purposes of egress would be sufficient. Emergency 
power for equipment would not be necessary. As with 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. 
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3-4.2.1 General. 

3-4 .2 .1 .1 t  E lec t r ica l  cha rac t e r i s t i c s  of  the  t r a n s f e r  
switches shall be suitable for the operat ion of  all functions 
and equipment  they are intended to supply. [110: 4-1.1] 

3-4.2.1.2t  Switch Rating. The  ra t ing  of  the t ransfer  
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. 
Each automatic transfer switch shall be approved for emer- 
gency electrical service (see NFPA 70, National Electrical 
Code, Section 700-3) as a complete assembly. 

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

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

Exception: It shall be permitted to program the transfer switch (i) 
for a manually initiated retransfer to the normal source, or (ii) for 
an automatic intentional "off' delay, or (iii) for an in-phase mon- 
itor relay or similar automatic delay method, so as to provide for a 
planned momentary interruption of the load. I f  used, this arrange- 
ment shall be provided with a bypass feature to permit automatic 
retransfer in the event that the alternate source fails and the nor- 
mal 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 unin tended intercon- 
nection of the normal and alternate sources of power, or  
any two separate sources of  power. 

(c)* Voltage Sensing. Voltage sensing devices shall be 
provided to moni tor  all ungrounded  lines of the normal  
source of power. 

(d) Time Delay on Starting of Alternate Power Source. A 
time delay device shall be provided to delay starting of the 
al ternate source generator.  The t imer is intended to pre- 
vent nuisance starting of the alternate source generator  
with subsequent  load transfer in the event of harmless 
momentary  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 failure. 

(e) Time Delay on Transfer to Alternate Power. An adjust- 
able time delay device shall be provided for those transfer 
switches requi r ing  "de layed-automat ic"  operat ion.  The  
time delay shall commence when p roper  alternate source 
voltage and frequency are achieved. The  delay device shall 
prevent  transfer to the alternate power source until after 
expirat ion of the preset  delay. 

(i)* Time Delay on Retransfer to Normal Power. An adjust- 
able t imer with a bypass shall be provided to delay retrans- 
fer from the alternate source of power to the normal. This 
t imer will permit  the normal  source to stabilize before 
retransfer to the load and help to avoid unnecessary power 
interruptions.  The  bypass shall opera te  similarly to the 
bypass in 3-4.2.1.4(a). 

(g)* 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. 

(i) Manual Control of Switch. A means for the safe manual 
operation of the automatic transfer switch shall be provided. 

(j) Time Delay on Engine Shutdown. A time delay of  5 
minutes minimum to allow engine cooldown shall be pro- 
vided for unloaded running of the al ternate power source 
generator  set pr ior  to shutdown. 

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 transfer 
if such currents may damage essential electrical system equip- 
ment or cause nuisance tripping of essential electrical system 
overcurrent protective devices. [ 110:4-2.4.12] 

(1) Isolation of Neutral Conductors. Provisions shall be 
included for ensuring proper  continuity, transfer, and isola- 
tion of the normal and the alternate power source neutral 
conductors  whenever  they are separately g rounded ,  if 
needed, to achieve proper  ground-fault sensing. [See NFPA 
70, National Electrical Code, Section 230-95(b).] [ 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). 

3-4.2.1.6t Nonautomatic Transfer Device Features. [110: 
4-2.5] 

(a) General. Switching devices shall be mechanically 
held. Opera t ion  shall be by direct manual  or electrical 
remote manual control. Electrically operated switches shall 
derive their control power from the source to which the 
load is being transferred. A means for safe manual opera-  
tion shall be provided.  

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

(c) h~dication of Switch Position. Pilot lights, proper ly  
identified, shall be provided to indicate the switch position. 

3-4.2.1 .7t  Bypass-Isolat ion Switches. [ l l 0 :  4-4.1] 
Bypass-isolation switches shall be permit ted for bypassing 
and isolating the transfer switch. 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 with- 
stand current  rating compatible with that of the associated 
transfer 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 appara-  
tus. (See NFPA 70, National Electrical Code, Section 700-3.) 

(c)* 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 maxi- 
mum time in seconds by the type of essential electrical system. 
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3-4.2.2 Specific Requirements. 

3-4.2.2.1" General .  Type I essential electrical systems are 
comprised of  two separate systems capable of  supplying a 
limited amount  of  lighting and power service, which is 
considered essential for life safety and effective facility oper- 
ation dur ing  the time the normal  electrical service is inter- 
rupted  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 essential 
to life safety and critical pat ient  care. These are designated 
the life safety branch and the critical branch. 

T h e  e q u i p m e n t  system shall supp ly  major  electr ical  
equipment  necessary for patient care and basic Type  I oper- 
ation. 

Both systems shall be a r ranged  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  reliabil i ty,  design,  and  load considera t ions .  Each 
branch of  the essential electrical system shall be permit ted to 
be served by one or more transfer switches. One transfer 
switch shall be permit ted to serve one or more branches or 
systems in a facility with a maximum demand  on the essen- 
tial electrical system of 150 kVA (120 kW). 

NOTE: In new construction, careful consideration should 
be given to the benefits of multiple transfer switches. How- 
ever, sdection of the number .and configuration of transfer 
switches and associated sWitchgear is to be made with consid- 
eration 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 permit ted 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. I l lumination 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: 
a. Fire alarms. 
b. 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 dur ing 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 o ther  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 72, National Fire Alarm Code, shall be 
permitted to be connected to the life safety branch. 

(c)* Critical Branch. The  critical branch of  the emer-  
gency system shall supply power for task illumination, fixed 
equipment,  selected receptacles, and selected power circuits 
serving the following areas and functions related to patient 
care. It shall be permit ted to subdivide the critical branch 
into two or more branches. 

1. Critical care areas that utilize anesthetizing gases, task 
illumination, selected receptacles, and fixed equipment. 

2. The isolated power systems in special environments. 
3. Patient care areas - -  task illumination and selected 

receptacles in: 
a. Infant  nurseries. 
b. Medication preparat ion areas. 
c. Pharmacy dispensing areas. 
d. Selected acute nursing areas. 
e. Psychiatric bed areas (omit receptacles). 
f. Ward treatment  rooms. 
g. Nurses'  stations (unless adequately lighted by cor- 

r idor  luminaires). 
4. Additional specialized patient care task illumination 

and receptacles, where needed. 
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: 
a. General  care beds (at least one duplex receptacle 

per  patient bedroom).  
b. Angiographic labs. 
c. Cardiac catheterization labs. 
d. Coronary care units. 
e. Hemodialysis rooms or areas. 
f. Emergency room treatment  areas (selected). 
g. Human  physiology labs. 
h. Intensive care units. 
i. Postoperative recovery rooms (selected). 

9. A d d i t i o n a l  task i l l umina t i on ,  r ecep tac les ,  and  
selected power circuits needed for effective facility opera-  
tion. Single-phase fractional horsepower  motors  shall be 
permit ted 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 propor- 
tion of normal and critical power, or critical power from sepa- 
rate transfer switches, might 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). 
(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 auto- 
matically restored to operation at appropriate time lag inter- 
vals 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 operation. 

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

NOTE: The equipment in 3-4.2.2.3(c)(1) through (3) can be 
arranged for sequential delayed-automatic connection to the 
alternate power source to prevent overloading the generator 
where engineering studies indicate that it is necessary. 
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1. Central suction systems serving medical and surgi- 
cal functions, including controls. It shall be permit ted 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. It shall be permit ted to 
place such air systems on the critical branch. 

4. Smoke control and stair pressurization systems. 
5. Kitchen hood supply and/or  exhaust  systems, if 

required to operate  dur ing  a fire in or under  the hood. 

(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. Heat ing equipment  to provide heating for operat-  
ing, delivery, labor, recovery, intensive care, coronary care, 
nurseries, infection/isolation rooms, emergency t reatment  
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 follow- 
ing conditions: 

(a) The  outs ide  design t e m p e r a t u r e  is h igher  than 
+ 20°F (-6.7°C), or 

(b) The  outside design tempera ture  is lower than + 20°F 
(-6.7°C) and a selected room(s) is provided for the needs of 
all confined 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 
971/2 percent design value as shown in Chapter 24 of the 
ASHRAE Handbook of Fundamentals. 

2. Elevator(s) selected to provide service to patient, 
surgical, obstetrical, and ground floors dur ing  interrupt ion 
of normal  power. [For elevator cab lighting, control, and 
signal system requirements,  see 3-4.2.2.2(b)(6).] 

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

3. Supply, return, and exhaust ventilating systems for 
surgical and obstetrical delivery suites, intensive care, coro- 
nary care, nurseries, infection/isolation rooms, emergency 
t reatment  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 opera ted  doors. 
7. Autoclaving equipment  shall be permit ted  to be 

ar ranged for either automatic or manual connection to the 
alternate source. 

] 8. Controls for equipment  listed in 3-4.2.2.3. 
9. Other  selected equipment  shall be permit ted 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 refi'igeration. 

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

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 suppl ied  from the 
emergency 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 con- 
nected to the essential electrical system shall comply with Arti- 
cle 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 Electri- 
cal Code. 

Exception No. 1: Flexible power cords of appliances or other uti- 
lization 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 Chapters 7 or 8 
of NFPA 70, National Electrical Code. 

I 3-4.3 Performance Criteria and Testing (Type 1 EES). 

3-4.3.1 Source. The branches of the emergency system 
shall be installed and connected to the alternate power 
source specified in 3-4.1.1.2 and 3-4.1.1.3 so that all func- 
tions specified herein for the emergency system shall be 
automatically restored to operat ion within 10 seconds after 
interrupt ion of the normal source. 

3-4.3.2 Transfer Switches. 

3-4.3.2.1 The  essential electrical system shall be served by 
the normal power source except when the normal power 
source is in ter rupted  or drops below a p rede te rmined  volt- 
age level. Settings of the sensors shall be determined by 
careful study of the voltage requirements of  the load. 

3-4.3.2.2 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 operat ing 
requirements of the essential electrical system, the load shall 
be connected automatically to the alternate power source. 

3-4.3.2.3 Upon connection of the alternate power source, 
the loads comprising the emergency system shall be auto- 
matically reenergized. The  load comprising the equipment  
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system shall be connected either automatically after a time 
delay [see 3-4.2.1.4(e)] or nonautomatically and in such a 
sequential manner  as not to overload the generator. 

3-4.3.2.4 When the normal power source is restored, and 
after a time delay [see 3-4.2.1.4(D], the automatic transfer 
switches shall disconnect the alternate source of power and 
connect the loads to the normal power source. The alter- 
nate power source generator  set shall continue to run 
unloaded for a preset time delay [see 3-4.2.1.4(1) ]. 

3-4.3.2.5 If the emergency power source fails and the 
normal power source has been restored, retransfer to the 
normal source of power shall be immediate, bypassing the 
retransfer delay timer. 

3-4.3.2.6 If the emergency power source fails during a 
test, provisions shall be made to immediately retransfer to 
the normal source. 

3-4.3.2.7 Nonautomatic transtier 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. 

J 3-4.4 Administration (Type 1 EES). 

3-4.4.1 Maintenance and Testing of Essential Electrical 
System. 

3-4.4.1.1 Maintenance and Testing of Alternate Power 
Source and Transfer Switches. 

(a) Maintenance of Alternate Power Source. The genera- 
tor set or other alternate power source and associated 
equipment,  including all appur tenant  parts, shall be so 
maintained as to be capable of supplying service within the 
shortest time practicable and within the 10-second interval 
specified in 3-4.1.1.8 and 3-4.3.1. 

(b) hlspection and Testing. 
1.* Test Criteria. Monthly testing of the generator 

sets serving emergency and equipment  systems shall be in 
accordance with NFPA 110, Standard for Emergenc~ and 
Standby Power Systems, paragraph 6-4.2. 

NOTE: Records of changes to the essential electrical sys- 
tem should be maintained so that the actual demand likely 
to be produced by the connected load will be within the 
available capacity. 

2. Test Conditions. The scheduled test under  load 
conditions shall include a complete simulated cold start 
and appropria te  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 person- 
nel in operating procedures. 

3-4,4.1.2 Maintenance and Testing of Circuitry. 

(a) Circuit Breakers. Main and feeder circuit breakers 
shall be inspected annually and a program for periodically 
exercising the components shall be established. 

NOTE: Main and feeder circuit breakers should be peri- 
odically 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 whenever damage is suspected. 

3-4.4.1.3 Maintenance of Batteries. Storage batteries 
used in connection with essential electrical systems shall be 
inspected at intervals of not more than 7 days and shall be 
maintained in full compliance with manufacturer 's specifi- 
cations. Defective batteries shall be repaired or replaced 
immediately upon discovery of defects (see NFPA 70, 
National Electrical Code, Section 700-4). 

3-4.4.2 Recordkeeping. A written record of inspection, 
performance, exercising period, and repairs shall be regu- 
larly maintained and available for inspection by the author- 
ity having jurisdiction. (See Appendix C-3 for general mainte- 
nance guide.) 

3-5 Essential Electrical System Requirements -- Type 2. 

3-5.1 Sources (Type 2 EES). The requ i remen t s  for 
sources for Type 2 essential electrical systems shall con- 
form to those listed in 3-4.1. 

3-5.2 Distribution (Type 2 EES). 

3-5.2.1 General.  The distribution requirements for Type 
2 essential electrical systems shall conform to those listed in 
3-4.2.1. 

3-5.2.2 Specific Requirements. 

3-5.2.2.1 General.  Type 2 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 dur ing 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, carefid 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. 

3-5.2.2.2 Emergency System. The emergency system 
shall supply power for the following lighting, receptacles, 
and equipment: 

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

(b) Exit signs and exit directional signs required in 
NFPA 101, Life Safeh, 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)* Communicat ion systems, where used for issuing 
instructions dur ing emergency conditions. 

(e) Sufficient lighting in dining and recreation areas to pro- 
vide illumination to exit ways of 5 tbotcandles minimum. 
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(f) Task illumination and selected receptacles at the gen- 
erator set location. 

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

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

3-5.2.2.3 Critical System, 

(a) General. The critical system shall be so installed and 
connected to the alternate power source that equipment  
listed in 3-5.2.2.3(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 connec- 
tion of equipment  listed in 3-5.2.2.3(c) by either delayed- 
automatic or manual operation. 

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

1. Patient care areas --  task illumination and selected 
receptacles in: 

a. Medication preparation areas. 
b. Pharmacy dispensing areas. 
c. Nurses' stations (unless adequately lighted by 

corridor luminaires). 
2. Sump pumps and other equipment  required to 

operate for the safety of major apparatus and associated 
control systems and alarms. 

3. Smoke control and stair pressurization systems. 
4. Kitchen hood supply and/or exhaust systems, if 

required to operate dur ing a fire in or under  the hood. 

(c)* Delayed-Automatic or Manual Connections to Critical 
System. The fbllowing equipment  shall be connected to 
the critical 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 dur ing 
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, where a selected room(s) is provided 
for the needs of all confined 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 3-4.1.1.1. 

NOTE: The outside design temperature is based on the 
971/2 percent design value as shown in Chapter 24 of the 
ASHRAE Handbook of Fundamentals. 

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 tempo- 
rary operation of any elevator for the release of passengers. 
[For elevator cab lighting, control, and signal system require- 
ments, see 3-5.2.2.2(g).] 

(d) Optional Connections to the C~4tical System. Additional 
illumination, receptacles, and equipment  shall be permit- 
ted to be connected only to the critical system. 

3-5.2.2.4 Wiring Requirements. 

(a) Separation from Other Circuits. The emergency sys- 
tem 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 
receptacles or the electrical receptacles themselves sup- 
plied from the emergency 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. 

3-5.3 Performance Criteria and Testing (Type 2 EES). 

3-5.3.1 Source. The emergency system shall be installed 
and connected to the alternate source of power specified in 
3-4.1.1.2 and 3-4.1.1.3 so that all functions specified herein 
for the emergency system will be automatically restored to 
operation within 10 seconds after interruption of the nor- 
mal source. 

3-5.3.2 Transfer Switches. 

3-5.3.2.1 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 volt- 
age level. Settings of the sensors shall be determined by 
careful study of the voltage requirements of the load. 

3-5.3.2.2 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 
s o u r c e .  

3-5.3.2.3 Upon connection of the alternate power source, 
the loads comprising the emergency system shall be auto- 
matically reenergized. The loads comprising the critical 
system shall be connected either automatically after a time 
delay [see 3-4.2.1.4(e)] or nonautomatically and in such a 
sequential manner  as not to overload the generator. 

3-5.3.2.4 When the normal power source is restored, and 
after a time delay [see 3-4.2.1.4(D], the automatic transfer 
switches shall disconnect the alternate source of power and 
connect the loads to the normal power source. The alter- 
nate power source generator set shall continue to run  
unloaded for a preset time delay [see 3-4.2.1.4(j)]. 

3-5.3.2.5 If the emergency power source fails and the 
normal power source has been restored, retransfer to the 
normal source of power shall be immediate, bypassing the 
retransfer delay timer. 

3-5.3.2.6 If the emergency power source fails dur ing a 
test, provisions shall be made to immediately retransfer to 
the normal source. 

3-5.3.2.7 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. 
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I 3-5.4 Administration (Type 2 EES). 

3-5.4.1 Maintenance and Testing of  Essential Electrical 
System. 

3-5.4.1.1 Maintenance and Testing of  Alternate Power 
Source and Transfer Switches. 

(a) Maintenance of Alternate Power Source. The genera- 
tor set or other alternate power source and associated 
equipment,  including all appur tenant  parts, shall be so 
maintained as to be capable of supplying service within the 
shortest time practicable and within the 10-second interval 
specified in 3-4.1.1.8 and 3-5.3.1. 

(b) Inspection and Testing. Genera to r  sets shall be 
inspected and tested in accordance with 3-4.4.1.1(b). 

3-5.4.1.2 Maintenance and Testing of Circuitry. Cir- 
cuitry shall be maintained and tested in accordance 
with 3-4.4.1.2. 

3-5.4.1.3 Maintenance of  Batteries. Batteries shall be 
maintained in accordance with 3-4.4.1.3. 

3-5.4.2 Recordkeeping. A written record of inspection, 
performance, exercising period, and repairs shall be regu- 
larly maintained and available for inspection by the author- 
ity having jurisdiction. (See Appendix C-3 for general mainte- 
nance guide.) 

3-6 Essential Electrical System Requirements (Type 3). 

3-6.1 Sources (Type 3 EES). The alternate source of 
power for the system shall be specifically designed for this 
purpose and shall be either a generator, battery system, or 
self-contained battery integral with the equipment. 

3-6.1.1 Generators shall conform to 3-4.1.1. 

3-6.1.2 Battery systems shall conform to 3-4.1.2. 

3-6.2 Distribution (Type 3 EES). 

3-6.2.1 General.  The distribution requirements for Type 
3 essential electrical systems shall conform to those listed 
in 3-4.2.1. 

3-6.2.2 Specific Requirements. 

3-6.2.2.1 General.  Type 3 essential electrical systems are 
comprised of a system capable of supplying a limited 
amount  of lighting and power service that is considered 
essential for life safety and orderly cessation of procedure 
dur ing the time normal electrical service is interrupted for 
any reason. 

3-6.2.2.2 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. 

3-6.2.2.3 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 
receptacles or the electrical receptacles themselves sup- 
plied from the emergency 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. 

I 3-6.3 Performance Criteria and Testing (Type 3 EES). 

3-6.3.1 Source. 

3-6.3.1.1 The emergency system shall have an alternate 
source of power separate and independent  from the nor- 
mal source that will be effective for a min imum of 11/2 
hours after loss of the normal source. 

NOTE: Consideration should be given to medical proce- 
dures that might necessitate emergency power being sup- 
plied for more than 11/2 hours. 

3-6.3.1.2 The emergency system shall be so ar ranged 
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. 

3-6.3.2 Transfer Switches with Engine Generator Sets. 

3-6.3.2.1 The  opera t ion  of the e q u i p m e n t  shall be 
arranged such 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 require- 
ments of the load. 

3-6.3.2.2 When the normal source is restored, and after a 
time delay [see 3-4.2.1.40c)], the automatic transfer switch 
shall disconnect the alternate source of power and connect 
the loads to the normal power source. 

3-6.3.2.3 If the alternate power source fails and the nor- 
mal power source has been restored, retransfer to the nor- 
mal source of power shall be immediate. 

3-6.3.3 Transfer Switches with Battery System. 

3-6.3.3.1 Failure of the normal source shall automatically 
transfer the load to the battery system. 

3-6.3.3.2 Retransfer to the normal source shall be auto- 
matic upon restoration of the normal source. 

3-6.4 Administration (Type 3 EES). 

3-6.4.1 Maintenance and Testing. 

3-6.4.1.1 Maintenance and Testing of Alternate Power 
Source and Transfer Switches. 

(a) Maintenance of Alternate Power Source. The genera- 
tor set or other alternate power source and associated 
equipment,  including all appur tenant  parts, shall be so 
maintained as to be capable of supplying service within the 
shortest time practicable and within the 10-second interval 
specified in 3-4.1.1.8 and 3-6.3.1. 

(b) Inspection and Testing. Genera to r  sets shall be 
inspected and tested in accordance with 3-4.4.1. l(b). 

3-6.4.1.2 Maintenance and Testing Circuitry. Circuitry 
shall be maintained and tested in accordance with 3-4.4.1.2. 

3-6.4.1.3 Maintenance of Batteries. Batteries shall be 
maintained in accordance with 3-4.4.1.3. 

3-6.4.2 Recordkeeping. A written record of inspection, 
performance, exercising period, and repairs shall be regu- 
larly maintained and available for inspection by the author- 
ity having jurisdiction. (See Appendix C-3 for general mainte- 
nance guide.) 
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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, 
oxygen, nitrogen, nitrous oxide, air, carbon dioxide, natural 
gas, ethylene oxide, hydrogen, helium, and acetylene. 

NOTE 3: Section 4-3 covers Level 1 piped gas and vacuum 
systems; Section 4-4 covers Level 2 piped gas and vacuum 
systems; Section 4-5 covers Level 3 piped gas and vacuum 
systems; and Section 4-6 covers Level 4 piped gas and vac- 
uum systems. 

4-1 Scope. 

4-1.1" This chapter covers the performance, maintenance, 
installation, and testing of (1) nonflammable medical gas sys- 
tems with operating pressures below 300 psig (2068 kPa), (2) 
flammable and nonflammable laboratory gas systems, (3) vac- 
uum systems used within health care facilities, and (4) manu- 
factured assemblies that are intended for connection to the 
medical gas or vacuum systems. 

4-1.2 Wherever  the term medical gas occurs in this chap- 
ter, the provisions shall apply to all pat ient  gas systems. 
Wherever  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 An existing system that is not in strict compliance 
with the provisions of  this s tandard shall be permit ted to be 
continued in use as long as the authority having jurisdiction 
has de termined that such use does not constitute a distinct 
hazard to life. 

4-2 Nature of Hazards. 

4-2.1" Gas Systems. 

4-2.2* Vacuum Systems. T h e r e  are potent ial  fire and  
explosion hazards associated with medical gas central piping 
systems 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 
requir ing extended overheated operat ion all present  poten- 
tial hazards or compound other hazardous conditions that 
should be proper ly  addressed. While the potential for these 
problems exists, the former Subcommittee on Vacuum Sys- 
tems and Equipment was unaware of  the actual occurrence 
of  any significant fire-related hazards with vacuum systems. 

T h e r e  are  also po ten t i a l  hazards  to pa t ien ts  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 situa- 
tions. There  is also the potential for mistaken interconnec- 
tion with pressurized nonflammable medical gas systems 
described in Sections 4-3 through 4-6. 

4-2.3 Manufactured Assemblies. Specific hazards associ- 
ated with manufactured assemblies are the same as those 
listed in 4-2.2 as well as additional hazards resulting from 
improper  assembly, separation and leakage resulting from 
hidden semi-permanent  connections, improper  connection 
resulting in cross-connection, and blockage and flow prob- 
lems resulting from damage to hoses, etc. 

4-3 Level 1 Piped Systems. 

4-3.1 Piped Gas Systems (Source and Distribution) 
Level 1. 

4-3.1.1 Source - -  Level 1. 

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

4-3.1.1.1 Cylinder and Container Management. 

(a)* Cylinders or supply containers shall be constructed, 
tested, and maintained in accordance with the U.S. Depart-  
ment  of  Transporta t ion specifications and regulations. 

(b) Cylinder contents shall be identified by attached labels 
or stencils naming the components and giving their propor-  
tions. Labels and stencils shall be lettered in accordance with 
CGA Pamphlet C-4, Standard Method of Marking Portable Com- 
pressed Gas Containers to Identify the Material Contained. 

(c) Contents of  cylinders and containers shall be identi- 
fied by reading the labels pr ior  to use. Labels shall not be 
defaced, altered, or removed. 

4-3.1.1.2 Storage Requirements (Location, Construction, 
Arrangement). 

(a)* Nonflammable Gases (Any Quantity; In-Storage, Con- 
nected, or Both). 

1. Sources of  heat in storage locations shall be pro- 
tected 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 when han- 
dling cylinders that have been exposed to freezing temper-  
atures or containers that contain cryogenic liquids to pre- 
vent injury to the skin. 

2.* Enclosures shall be provided for supply systems 
cylinder storage or manifold locations for oxidizing agents 
such as oxygen and nitrous oxide. Such enclosures shall be 
constructed of  an assembly of  building materials with a 
fire-resistive rating of at least 1 hour  and shall not commu- 
nicate directly with anesthetizing locations. Other  nonflam- 
mable (inert) medical gases may be stored in the enclosure. 
Flammable gases shall not be stored with oxidizing agents. 
Storage of full or empty cylinders is permit ted.  Such enclo- 
sures shall serve no other purpose.  

3. Provisions shall be made for racks or  fastenings to 
protect cylinders from accidental damage or dislocation. 

4. The  electric installation in s torage locations or  
manifold enclosures for nonflammable medical gases shall 
comply 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. 

5. Storage locations for oxygen and nitrous oxide shall 
be kept free of flammable materials [see also 4-3.1.1.2(a)7]. 
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6. Cylinders containing compressed gases and con- 
tainers for volatile liquids shall be kept away from radia- 
tors, steam piping, and like sources of heat. 

7. Combustible materials, such as paper, cardboard, 
plastics, and fabrics shall not be stored or kept near supply 
system cylinders or manifolds containing oxygen or nitrous 
oxide. Racks for cylinder storage shall be permitted to be 
of wooden construction. Wrappers shall be removed prior 
to storage. 

Exception: Shipping crates or storage cartons for cylinders. 
8. When cylinder valve protection caps are supplied, 

they shall be secured tightly in place unless the cylinder is 
connected for use. 

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

10. Location of Supply Systems. 
a. Except as permitted by 4-3.1.1.2(a)10c, supply 

systems for medical gases or mixtures of these gases having 
total capacities (connected and in storage) not exceeding 
the quantities specified in 4-3.1.1.2(b)1 and 2 shall be 
located outdoors in an enclosure used only for this pur- 
pose or in a room or enclosure used only for this purpose 
situated within a building used for other purposes. 

b. Storage facilities that are outside, but adjacent to 
a building wall, shall be located such that the distance to 
any window of the adjacent building is greater than 25 ft 
(7.6 m). 

c. Locations for supply systems shall not be used 
for storage purposes other than for containers of nonflam- 
mable gases. Storage of full or empty containers shall be 
permitted. Other nonflammable medical gas supply sys- 
tems or storage locations shall be permitted to be in the 
same location with oxygen or nitrous oxide or both. How- 
ever, care shall be taken to provide adequate ventilation to 
dissipate such other gases in order to prevent the develop- 
ment of oxygen-deficient atmospheres in the event of func- 
tioning of cylinder or manifold pressure-relief devices. 

d. Air compressors and vacuum pumps shall be 
located separately from cylinder patient gas systems or cyl- 
inder storage enclosures. Air compressors shall be installed 
in a designated mechanical equipment  area, adequately 
ventilated and with required services. 

11. Construction mtd A nangonent of Supply Syston Locations. 
a. Walls, floors, ceilings, roofs, doors, interior fin- 

ish, shelves, racks, and supports of and in the locations 
cited in 4-3.1.1.2(a)10a shall be constructed of noncombus- 
tible or limited-combustible materials. 

b. Locations for supply systems for oxygen, nitrous 
oxide, or mixtures of these gases shall not communicate 
with anesthetizing locations or storage locations for flam- 
mable anesthetizing agents. 

c. Enclosures for supply systems shall be provided 
with doors or gates that can be locked. 

d. 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. 

e. Where 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 
that protects cylinders fiom reaching temperatures exceed- 
ing 130°F (54°C). Open electrical conductors and transform- 
ers shall not be located in close proximity to enclosures. Such 
enclosures shall not be located adjacent to storage tanks for 
flammable or combnstil)le liquids. 

f. Smoking shall be prohibited in supply system 
enclosures. 

g. Heating shall be by steam, hot water, or other 
indirect means. Cylinder temperatures shall not exceed 
130°F (54°C). 

(b) Additional Storage Requirements for Nonflammable Gases 
Greater than 3000 cuff (85 m3). 

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

2. Nitrous oxide supply systems or storage locations 
having a total capacity of 3200 lb (1452 kg) [28,000 cu ft 
(793 m :~) (NTP)] or more, including unconnected reserves 
on hand at the site, shall comply with CGA Pamphlet 
G-8.1, Standard for the Installation of Nitrous Oxide Systems at 
Consumer Sites. 

3. The walls, floors, and ceilings of locations for sup- 
ply systems of more than 3000 cu ft (85 m :~) total capacity 
(connected and in storage) separating the supply system 
location from other occupancies in a building shall have a 
fire-resistance rating of at least 1 hour. This shall also apply 
to a common wall or walls of a supply system location 
attached to a building having other occupancy. 

4. Locations for supply systems of more than 3000 cuft  
(85 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 opening or openings shall be a minimum of 72 sq in. 
(0 .05 m 2) in total free area. 

(c) Additional Storage Requirements for Nonflammable Gases 
Less than 3000 cuff  (85 m~). Doors to such locations shall 
be provided with louvered openings having a minimum of 
72 sq in. (0.05 sq m) in total free area. Where the location 
of the supply system door opens onto an exit access corri- 
dor, louvered openings shall not be used, and the require- 
ments of 4-3.1.1.2(b)3 and 4 shall be complied with. 

4-3 .1 .1 .3  Mater ia l  - -  O x y g e n  C o m p a t i b i l i t y .  

(a)* Oxygen system components, including, but not lim- 
ited to, containers, valves, valve seats, lubricants, fittings, 
gaskets, and interconnecting equipment  including hoses, 
shall have adequate compatibility with oxygen under  the 
conditions of temperature and pressure to which the com- 
ponents may be exposed in the containment  and use of 
oxygen. Easily ignitible materials shall be avoided unless 
they are parts of" equipment  or systems that are approved, 
listed, or proved suitable by tests or by past experience. 

(b) The provisions of 4-3.1.1.3(a) also apply to nitrous 
oxide, oxygen-nitrous oxide mixtures, and to other medical 
gas mixtures containing more than 23.5 percent oxygen. 

(c) Manutactured assemblies in which are intended to be 
piped nitrous oxide or oxygen shall be (a) constructed of 
metal, or (b) tested to pass a minimum 200 flame spread 
rating and 200 smoke developed index in accordance with 
NFPA 255, Standard Method of Test of SurJhce Burning Char- 
acteristics of Building Material.s, or, if constructed of polymers 
(plastic, tiberglass, etc.), a rating of 94 VO or better. 

4-3.1.1.4 Gas Central Supply Systems. The central sup- 
ply system shall be a system of cylinders and necessary sup- 
ply equipment  assembled as described in either 4-3.1.1.5 
or 4-3.1.1.6, or a bulk supply system (see 4-3.1.1.7), which 
can be of the permanently installed type or the trailer type. 
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The  medical air source, in addit ion to the preceding, shall 
be permit ted to be two or  more compressors that deliver 
med i ca l  a i r  and  t ha t  c o m p l y  with 4 -3 .1 .1 .2 (a )10b ,  
4-3.1.1.2(b)2, and 4-3.1.1.9. 

4-3.1.1.5 Cyl inder  Sys tems  wi thout  Reserve  Supply .  (See 
Figure 4-3.1.1.5 and Appendixes C-4.1 and C-4.2.) 

(a) 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 
normal delivery schedules require a greater  supply. When 
the content of the pr imary 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 master signal panels to indicate when, or just  before, 
the changeover to the secondary bank occurs. 

(b) A check valve shall be installed between each cylin- 
der  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. 

4-3.1.1.6 Cy l inder  S u p p l y  Sys tems  wi th  Reserve  Supply .  
(See Figure 4-3.1.1.6 and Appendixes C-4.1 and C-4.2.) 

(a) A cylinder supply system with reserve supply shall 
consist of: 

1. A primary supply, which supplies the piping system. 
2. A secondary supply, which shall operate  automati- 

cally when the pr imary supply is unable to supply the sys- 
tem. An actuating switch shall be connected to the master 

signal panels to indicate when, or just  before, the change- 
over to the secondary bank occurs. 

3. 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. 

(b) The reserve supply shall consist of three or more 
manifolded high-pressure cylinders connected as required 
under  4-3.1.1.8(b), and either shall be equipped with check 
valves as required in 4-3.1.1.5(b) 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.) 

(c) A cryogenic liquid storage vessel shall be installed 
either as indicated in Figure 4-3.1.1.6, or as indicated in 
Figure 4-3.1.1.5 with the addit ion of a reserve supply con- 
nected as shown in Figure 4-3.1.1.6. (See Appendixes C-4.1 
and C-4.2.) 

(d) When cryogenic liquid storage vessels are designed 
to prevent  the loss of the gas produced by the evaporat ion 
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 enter ing the piped dis- 
tribution system. 

(e) Cryogenic liquid storage vessels shall be constructed 
to withstand high pressure [2200 psig (15.2 MPa gauge)] 
or shall be provided with suitable pressure relief devices 
upstream of the control unit. 

(t) Cylinder supply systems designed in accordance with 
4-3.1.1.6 do not require check valves between each cylin- 
der  lead and the manifold header  on the pr imary and sec- 
ondary supplies. 

50 to 55 psig 
I I ,  

Source shutoff valve 

To outside of building 

Pressure 
relief valve 

Line pressure regulator -~......~j:~ '~' 
(see Notes 1,3, and 4) ~ ~ 

Changeover actuating ~ J 
switch (see Note 2) "~_ J 

E I - - I  _ / -  Pressure 
Pressure - - * ( ~ ~  -- I i ~ ~  regulator 
regulator ]~ ~-- Check valve ~ /  ~, 

Hi h pressure header ~""----..~ ~ . . ~  High )ressure header 
i ~ Shutoff valve ~ ' - 

i I ~ ' ~ ~  Check valve ~ 

, Cylinder valve 

1 ~ . . ~  Pressure relief 
device 

C rlinders no. 1 bank 

For SI Units: 1 psig = 6.895 kPa gauge. 
* Piping system continued on Figure 4-3.1.2. 

II 
Note 1 : See 4-3.1.1.8(e). 
Note 2: See 4-3.1.2.1(b)2. 
Note 3: See 4-3.1.1.8(g). 
Note 4: See 4-3.1.1.8(d). 

C linders no. 2 bank 

[ ]  Shutoff valve or 
check valve 

Figure 4-3.1.1.5 Typical cylinder supply system without reserve supply (schematic). Supply systems with different arrangements of valves and regulators 
are permissible if they provide equivalent safeguards. (Level 1 Gas Systems) 
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supply units on each bank 

I- Pressure 
To outside of building ,.~.L ~ rehef valve 
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(see Note 1) / 
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regulator ~b pslg 
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(see Note 2) T 
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"" Pressgre relief H I__[ U 

Secondary supply Reserve supply 
(High-pressure cylinders 2200 psig) 

For SI Units: 1 psig = 6.895 kPa gauge. Note 1 : See 4-3.1.2.1(b)3. Note 4: See 4-3.1.1.8(c). 
* Supply piping system continued on Note 2: See 4-3.1.2.1(b)2. Note 5: See 4-3.1.1.8(g). 

Figure 4-3.1.2. Note 3: See 4-3.1.1.6(d). Note 6: See 4-3.1.1.8(d). 

[ ]  Shutoff valve or check valve 
Figure 4-3.1.1.6 Typical cylinder supply system with reserve supply (schematic). Supply systems with different arrangements of valves and regulators are 
permissible if they provide equivalent safeguards. (Level t Gas Systems) 

4-3 .1 .1 .7"  B u l k  M e d i c a l  G a s  S y s t e m s .  (See Figure 
4-3.1.1.7 and Appendixes C-4.1 and C-4.2.) 

(a) 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 jus t  before, 
the reserve begins to supply the system. There  are two 
types of  bulk supply systems: 

1. The  al ternating type with two or more units alter- 
nately supplying the piping system. When the pr imary  
supply is unable to supply the bulk system, the secondary 
supply automatically becomes the pr imary supply and a 
new secondary supply, not the reserve supply, is connected 
when or before this changeover takes place. An actuating 
switch shall be connected to the master signal panels to 
indicate when, or jus t  before, the changeover occurs. 

2. The  continuous type with one or more units con- 
tinuously supplying the piping system while another  unit 
remains as the reserve supply and operates only in case of 
an emergency. 

(b) T h e  s e c o n d a r y  supp ly  and the reserve  supp ly  
referred to in 4-3.1.1.7(a) shall each contain at least an 
average day's supply and shall consist of: 

1. Three or more manifolded high-pressure cylinders 
connected as required under  4-3.1.1.5(a) and 4-3.1.1.8(b); or 

2. High-pressure cylinders without check valves pro- 
vided an actuating switch, which shall operate  the master 
alarm signal when the reserve supply is down to one day's 
average supply, is installed; or 

3. 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 reg- 
ulator before entering the piped distribution system. 

4-3 .1 .1 .8  G e n e r a l  R e q u i r e m e n t s  for Gas  Centra l  S u p p l y  
Sys tems .  

(a) Cylinders. Cylinders shall be designed, constructed, 
tested, and mainta ined in accordance with 4-3.1.1.1(a). 
Cylinders in service shall be adequately secured. Cylinders 
in storage shall be secured and located to prevent  them 
from falling or  being knocked over. 

(b) Manifolds. Manifolds shall be of substantial construc- 
tion and of a design and materials suitable for the gases and 
pressures involved. Mechanical means shall be provided to 
ensure the connection of cylinders containing the proper  gas 
to the manifold. Cylinder valve outlets and manifold or reg- 
ulator inlet connections shall comply with the CGA Pamphlet 
V-l, Standard for Compressed Gas Cylinder Valve Outlet and Inlet 
Connections (ANSI B57.1, CGA B96). When any nonflamma- 
ble medical gases or gas mixtures are to be piped, care shall 
be taken to ensure noninterchangeabili ty of cylinders or 
equipment. Manifolds shall be obtained from and installed 
under the supervision of a manufacturer or supplier familiar 
with proper  practices for their construction and use. 

(c) Pressure Regulation. Pressure-regulating equipment  
shall be installed in the supply main upstream of  the final 
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For SI Units: 1 psig = 6.895 kPa gauge. 
* Piping system continued on 

Figure 4-3.1.2. 

[ ]  Shutoff valve or check valve 

Note 1: See 4-3.1.1.8(d). Note 6: See 4-3.1.2.1(b)4. 
Note 2: See 4-3.1.2.1(b)3. Note 7: See 4-3.1.1.7(b)3. 
Note 3: See 4-3.1.2.1(b)2. Note 8: Dotted lines are 
Note 4: See 4-3.1.1.8(c). altemates. 
Note 5: See 4-3.1.1.8(g). Note 9: See 4-3.1.2.1(b)5. 

Figure 4-3.1.1.7 Typical bulk supply system (schematic). Bulk supply systems with different arrangements of valves, regulators, and gas supply units are permissi- 
ble if they provide equivalent safeguard~ The r~,=~erve supply shown in dotted lines indicates the arrangements outlined in 4-3.1.1.7(b)2 or 3. (Level 1 Gas Systems) 

l ine-pressure relief valve [see 4-3.1.1.8(e)]. Where multiple 
piping systems for the same gas at different operat ing pres- 
sures are required,  separate pressure-regulat ing equip- 
ment, relief valves, and source shutoff valves shall be pro- 
vided for each pressure. 

(d) Shutoff Valves. 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. 

(e) Pressure Relief Valves. Each central supply system 
shall have a pressure relief valve set at 50 percent  above 
normal line pressure, installed downstream of the pressure 
regulator  and upstream of  any shutoff valve. This pressure 
relief valve shall be permit ted to be set at a higher  pres- 
sure, provided another  pressure relief valve set at 50 per- 
cent above normal line pressure is installed in the main 
supply line. All pressure relief valves shall close automati- 
cally when excess pressure has been released. Pressure 
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  3000 cu ft (85 m s) of gas. 
Pressure relief valves shall be of  brass or bronze and spe- 
cially designed for the gas service involved. 

1. The  pressure relief valve downstream of  the line 
pressure regulator  in ni trogen systems used to provide 
power for gas-driven medical tools or  instruments, and for 
other systems that vary from the normal 50- to 55-psig 
(340- to 380-kPa gauge) line pressure (for example, sys- 
tems supplying medical gases to hyperbaric  chambers), 
shall be set at 50 percent  above line pressure. 

(f) Check Valves. S u p p l y  systems c o m p l y i n g  with 
4-3.1.1.6 or 4-3.1.1.7 (see Figures 4-3.1.1.6 and 4-3.1.1.7) 
shall have a check valve in the p r imary  supply main,  
upstream of  the point of intersection with the secondary or 
reserve supply main. 

(g) Final Line Regulators. Final line regulators shall be 
duplexed with suitable valving to permit service to the regula- 
tors without completely shutting down the gas piping system. 

(h) Emergency Oxygen Supply Conliection. Where the oxy- 
gen supply, cryogenic or other, is located outside of  the build- 
ing served, there shall be incorporated in the piping system 
an inlet for connecting a temporar~ auxiliary source of  sup- 
ply for emergency or maintenance Situations. The inlet shall 
be located on the exterior of the building served and shall be 
physically protected to prevent tampering 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 supply 
line [see 4-3.1.2.2(b)3] and be suitably controlled with the nec- 
essary valves to allow emergency supply of oxygen and isola- 
tion of the piping 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 supply 
shutoff valve. (See Figure 4-3.1.2.) 

1. The  emergency oxygen supply connection piping 
assembly shall be provided with a pressure relief valve of  
adequate size to protect the downstream piping system and 
related equipment  from exposure to pressures in excess of 
50 percent  higher  than normal  pipeline pressure. 

2. The inlet shall be female NPT, sized for 100 percent 
of the system demand at the emergency source gas pressure. 

4-3.1.1.9 Medical Air Compressor Supply Systems. (See 
Figure 4-3.1.1.9.) 

(a)* General. The medical air compressor shall take its 
source from the outside atmosphere and shall not add con- 
taminants in the form of particulate matter, odor, or other 
gases. It shall be connected only to the medical air piping dis- 
tribution system and shall not be used for any other purpose. 
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Sample connection Connection point for dewpoint m valve 
monitor, carbon monoxide monitor 

" ~  150 to 55 psig 

Source 
Pressure shutoff valve 

t I ' -  - ~  relief valves Note: see 4-3.1.1.8(d), 
Filter-muffler intake Aftercooler 

bypass valves 
/ Pressure - - - - ~  \ Aftercooler { }  

~÷ r ~ ~  i (alterna~te)* ..._t._..~, 

, --  7 , ~  ~ Flexible 
• , • connector 's°'a"°nva'ves I I L ~. Gauge ~ Check---t---~" 

~-":~" l Flexible 
~ nne ,, Byp 

. ~ . -  valves 

Automatic matic Dryer drain drain 
For SI Units: 1 psig = 6.895 kPa gauge. 
* See 4-3.1.1.9(g) for details regarding alternate aftercoolers and/or dryers. 
** Piping system continued on Figure 4-3.1.2. 
Note: Flow schematics that differ could be acceptable as long as they met 
intent of standard. 

Figure 4-3.1.1.9 

(alternate)* 

[ ]  Shutoff valve or check valve 
Line pressure regulator 

(~) Air filter 

Typical duplex medical air compressor system (schematic). (Level l Gas Systems) 

I (b) Compressor Intake. Except as provided in 4-3.1.1.9(b)1, 
the intake to medical air compressors shall be located outdoors 
above roof level a minimum distance of 10 ft (3 m) from any 
door, window, exhaust, other intake, or opening in the build- 
ing, and a minimum 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, with screening 
that shall be fabricated or composed of a noncorrosive material 
such as stainless steel or other suitable material. Compressor 
intake piping shall be of materials approved for vacuum piping 
under 4-3.2.2.2(a) that will not add contaminants in the form of 
particulate matter, odor, or other gases. (See Appendix C-4.2.6.) 

1. If a source is available that is equal to or better 
than outside air (air ah-eady filtered for use in operating 
room ventilating systems, for example), it shall be permit- 
ted to be used for the medical air compressors. This alter- 
nate source of supply air must be available on a continuous 
24-hour-per-day, 7-day-per-week basis. Ventilating systems 
having fans with motors or drive belts located in the air 
stream shall not be used as a source of medical air intake. 

2. The compressor air intake shall be located where 
no contamination from engine exhausts, fuel storage vents, 
vacuum system discharges, particulate matter, or odor of 
any type is anticipated. 

Air intakes for separate compressors shall be permitted to 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 manual or 
check valve, blind flange, or robe cap to prevent backflow. 

(c) Multiple Compressors. Two or more compressors shall 
be installed that serve this system alternately or simulta- 
neously on demand. The compressor(s) shall be sized to serve 
peak demand with the largest compressor out of service. 
Each compressor shall have an automatic means to prevent 
backflow through off-cycle units and a shut-off valve to isolate 
it from the centrally piped system and other compressors for 
maintenance or repair without loss of pressure in the system. 

(d) Electrical Power and Control. 
1. Backup Operation. A device shall be provided to 

automatically activate the additional compressor(s) if the 
unit in operation is incapable of adequately maintaining 
pressure. A signal indicating that the reserve compressor is 
runn ing  shall operate a local audio and visual alarm and 
serve to activate remote master alarms. 

2. Alternation. Compressors shall be provided with auto- 
matic or manual alternation to allow division of operating time. 
If automatic alternation of compressors is not provided, the 
facility shall arrange a proper schedule for manual alternation. 

3. Motor Controls. Each compressor shall be provided 
with a dedicated disconnect switch, motor starting device, 
and overload protection. The disconnect switches shall be 
installed in the electrical circuit ahead of each motor  
starter. Where compressor systems having two or more 
compressors employ a control transformer or other voltage 
control power device, at least two such devices shall be 
provided. Control circuits shall be arranged in such a man- 
ner that the shutdown of one compressor does not inter- 
rupt the operation of another compressor. 
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4. Electrical Power. Electrical equipment and wiring 
shall conform to the requirements of NFPA 70, National Elec- 
trical Code. Emergency electrical service for the compressors 
shall conform to the requirements of the essential electrical 
system as described in Chapter 3 of this document. 

(e) Monitors and Alarms. 
1. The  medical air compressor shall be designed to 

prevent  the introduction of contaminants or liquid into the 
pipeline by: 

a. Elimination of oil anywhere in the compressor, or 
b.* Separation of the oil-containing section from 

the compression chamber by at least two seals that create 
an area open to a tmosphere that allows direct and unob- 
structed visual inspection of  the interconnecting shaft for 
confirmation by the facility operators of p roper  seal opera- 
tion without disassembly of  the compressor. The  vent and 
inspection opening(s) shall each be no smaller than 
1.5 shaft diameters in size. 

2. Air  c o m p r e s s o r s  sha l l  m e e t  t he  c r i t e r i a  in 
4-3.1.1.9(a) to be used for medical air service and shall be 
alarmed appropriate ly  for conditions that may affect air 
quality dur ing use or in the event of  failure, including: 
water carryover, material wear or decomposition, or oil or 
hydrocarbon carryover. 

3. Ambient temperature  range for air-cooled equip- 
ment  shall be as recommended  by the manufacturer.  

4. The  use of  a liquid r ing air compressor,  as defined 
in 4-3.1.1.9(e)1 under  medical air compressor - -  type (a), 
shall require separate compressor sensors that shut down 
that compressor when the water exceeds the design level in 
the separator  and activate a local alarm. In addition, a high 
water level in the receiver shall activate an alarm that shuts 
down the liquid r ing compressor system and activates the 
local alarm. Service water and seal water shall be as recom- 
mended  by the manufacturer.  

5. The  use of  permanent ly  lubricated sealed bearing 
compressors, as defined in 4-3.1.1.9(e)1 under  medical air 
compressor - -  type (a), shall require monitoring of  the air 
tempera ture  at the immediate outlet of each cylinder with 
a "high tempera ture"  switch that shuts down the compres- 
sor and activates both master and local alarms. I f  the air 
compressor  has water-cooled heads,  a high-water-level  
switch in the receiver shall activate both master and local 
alarms and shut down the system. The  temperature  switch 
setting shall be as recommended by the manufacturer.  

6. The  use of  a medical air compressor, as defined in 
4-3.1.1.9(e)1 under  medical air compressor - -  type (b), 
shall monitor  air tempera ture  at the immediate outlet of  
each cylinder with a "high temperature"  switch that shuts 
down the compressor and activates both the master and 
local alarms. I f  the system includes water-cooled heads, the 
compressor system shall have a high-water-level switch on 
the receiver  tank that  activates both master  and  local 
alarms. The  compressor shall contain coalescing filters with 
an "element change indicator" and a charcoal filter with 
colormetric hydrocarbon indicator. 

(f) Receivers. The receiver shall be equ ipped  with a 
pressure relief valve, automatic drain, sight glass, and pres- 
sure gauge and shall 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 and shall be corrosion resistant. Piping 
within compressor systems upstream of  the source shutoff 

valve shall comply with 4-3.1.2.2(a) and 4-3.1.2.3 except 
that stainless steel shall be permit ted to be used as a piping 
material. 

(g)* Accessories. Compressor  systems for medical  air  
shall be equipped with intake filter-mufflers of  the dry 
type, aftercoolers or air dryers, or both, line filter(s) appro-  
priate for the intake air conditions and compressor type, 
pressure regulators, and a pressure relief valve set at 50 
percent  above nominal line pressure to ensure the delivery 
of medical air (see definition of medical air in Section 2-2). 

The medical air receiver shall be provided with a three- 
valve bypass to permit  service to this device without shut- 
ting down the medical air system. 

Dryer systems shall be, at a minimum, duplexed and 
valved to permit  isolation of  individual  components  to 
allow for maintenance or repair  in the event of  failure, 
while still continuing to adequately treat the flow of air. 
Under  normal operation,  only one dryer  shall be open to 
airflow with the other  dryer  valved off. Each d rye r  system 
shall be designed to provide air at a maximum dew point  
of 35°F (1.7°C) at the peak calculated demand of the sys- 
tem. [See 4-3.1.2.1(b)3g.] System design shall preclude for- 
mation of  liquid water in the air line. 

Aftercoolers, where required,  shall be dup lexed  and 
provided with individual condensate traps. The  receiver 
shall not be used as an aftercooler or aftercooler trap. 

Where more than two devices are provided,  the peak 
calculated demand  shall be met with the largest single unit  
out of service. 

Final line filters located upstream of the final line regu- 
lators shall be duplexed with appropr ia te  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 calculatec] demand  at design conditions 
and shall be rated for a minimum of 98 percent  efficiency 
at 1 micron. These filters shall be equipped with a contin- 
uous visual indicator showing the status of the filter ele- 
ment  life. 

All final line regulators shall be multiplexed with isolat- 
ing valves to permit  service to the regulator  without com- 
pletely shutting down the gas piping system. Each of  the 
regulators shall be sized for 100 percent  of  the system peak 
calculated demand at design condition. 

(h)* Medical Air Quality. The  monitoring of  air quality 
downstream of  the regulators and upstream of the piping 
system, as well as the monitoring system response, shall be 
as follows for each compressor installation. 

1. For compressors that eliminate oil anywhere in the 
compressor [4-3.1.1.9(e)la], such as liquid ring and perma- 
nently sealed bearing compressors, monitoring shall consist 
of, but not be limited to, dewpoint and carbon monoxide. 
These parameters shall be monitored on a continuous basis. 

2.* For compressors that have separation of  the oil- 
containing section from the compression chamber by an 
area open to atmosphere,  which allows continuous visual 
inspection of  the interconnect ing shaft [4-3.1.1.9(e)lb], 
such as extended head compressors with an atmospheric 
vent between the compression chamber and the crankcase, 
monitoring shall consist of, but not be limited to, dewpoint,  
ca rbon  monox ide ,  gaseous hydroca rbons ,  and  l iquid 
hydrocarbons.  Dewpoint,  carbon monoxide,  and liquid 
hydrocarbons shall be monitored on a continuous basis, 
and gaseous hydrocarbons shall be monitored on a 
quarterly basis. 
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Liquid hydrocarbons shall be moni tored  by p igment  
ind ica tors  or  o the r  type of  i n s t r u m e n t  p e r m a n e n t l y  
installed downstream of each compressor  (type b), and 
shall be inspected and documented daily. 

Dewpoint shall be alarmed in the machine room and at each 
of the two master alarm panels indicated in 4-3.1.2.1(b)2. 

Carbon monoxide shall be a larmed on the local alarm 
panel located in the machine room. 

A 1/4 in. NPT valved sample por t  shall be provided 
immediately downstream of  the final line pressure regula- 
tors and upstream of  the source shutoff valve to allow for 
sampling of the medical air. 

A local alarm panel shall be mounted  in the machine 
room in an area of responsible observation. This panel  
shall alarm, as a minimum, the following functions: 

a. Backup compressor operating. 
b. High water level in receiver. 
c. High water level in separator  (if so equipped).  
d. High discharge air temperature  (if so equipped).  
e. High carbon monoxide level. 
f. Backup vacuum pump operating.  

At least ONE signal from the local alarm shall be connected 
to the two master alarm panels [4-3.1.2.1(b)2] to indicate that 
a problem is present with the source equipment. 

I f  the above signals are incorporated into the main con- 
trol panel of  the machinery, it shall still be required to 
br ing one signal from the machine room to each of the 
master alarm panels indicating that a problem is present. 

If there is more than one compressor or vacuum system for 
the facility, or if compressor or vacuum systems are in different 
locations in the facility, it shall be required to either have a local 
alarm panel that combines all the signals from all the machin- 
ery, or have a local alarm panel at each machinery site. 

(i) Antivibration Considerations. I f  requi red  by equip- 
ment  dynamics or  location, antivibration mountings,  in 
accordance with the manufac turer ' s  recommendat ions ,  
shall be installed under  components,  and flexible couplings 
shall interconnect the air compressor units, the receiver, 
intake lines, and the supply line from the storage receiver. 

[ (j) Different Pressures. Where  medical air p ip ing sys- 
tems at different operat ing pressures are required,  the pip- 
ing shall separate after the filters but  shall be provided with 
separate line regulators, dew point  monitors, relief valves, 
and source shutoff valves. 

(k) Component Material. Components  such as compres- 
sors, aftercoolers, and dryers shall be permit ted to be made 
of  materials suitable for the service. 

4-3.1.2 Distr ibut ion n Level  1 (Manifold,  Piping,  
Valving/Controls, Outlets/Terminals, Alarms). 

4-3.1.2.1 Gas Warning Systems. 

(a) General. (See Appendix C-4.2.) 
1. All local, master, and area alarm panels used for 

medical gas systems shall provide: 
a. separa te  visual indicators  for each condi t ion 

monitored.  
b. cancelable audible indication of an alarm condition. 

The audible indicator shall produce a minimum of 80 dBA 
measured at 3 ft (1 m). A second indicated condition occurring 
while the alarm is silenced shall reinitiate the audible signal. 

c. the panel  shall have a means to visually indicate 
a lamp or LED failure. 

2. Local, master, and area alarms shall indicate visu- 
ally and audibly if: 

a. the monitored condition occurs. 
b. the wiring to the sensor or switch is disconnected. 

3. Each local, master, and area alarm panel shall be 
labeled for its area of  surveillance, i.e., 02 , vacuum, medi- 
cal air, etc., and room(s) served. Each indicator shall be 
separately labeled indicating the condition monitored.  

4. Where multiple panels are in tended to indicate the 
same condition(s): 

a. at least one panel shall be connected directly to 
the sensor(s) or switch(es). 

b. both master alarms requi red  by 4-3.1.2.1(b)2 
shall be connected by dedicated wiring directly to the sen- 
sor(s) or switch(es). 

c. other  panels shall be permit ted to be connected 
through indirect  means such as data transmission lines 
provided that such indirect means are fully supervised and 
failure of  such indirect transmissions is indicated at all pan- 
els so connected. 

5. Local, master, and area alarms shall be powered 
from the life safety branch of the emergency system as 
described in Chapter  3, Electrical Systems. 

6. All pressure switches and pressure-sensing devices 
shall be provided with a demand  check fitting to facilitate 
service, testing, or  replacement.  

7. The  responsible authority of the facility shall assure 
that all labeling of  alarms, where room numbers or  desig- 
nations are used, is accurate and up-to-date. 

8. All wiring from switch or  sensors shall be protected 
from physical damage by raceways or conduit  in accor- 
dance with NFPA 70, National Electrical Code. 

9. A centralized computer  (e.g. a building manage- 
ment  system) shall not substitute for any required medical 
gas alarm panel,  but shall be permit ted to be used to sup- 
plement  the medical gas alarm system. 

(b) Master Alarms. 
1. A master alarm system shall be provided to moni- 

tor the operat ion and condition of  the source of supply, the 
reserve (if any), and the pressure of the main lines of  all 
medical gas piping systems. 

2. The  master alarm system shall consist of two or 
more alarm panels located in two separate locations. One 
panel shall be located in the principal working area of the 
individual responsible for the maintenance of  the medical 
gas piping systems and one or more panels shall be located 
to assure cont inuous  surveil lance d u r i n g  the working 
hours of  the facility (e.g., the telephone switchboard, secu- 
rity office, or other  continuously staffed location). 

3. Each master alarm panel shall include visual indi- 
cators for each of the following conditions: 

a. a separate indicator shall be provided for all sys- 
tems supplied by a manifold or an alternating-type bulk 
system that has as part  of  its normal operat ion a change- 
over from one port ion of  the operat ing supply to another  
portion. It shall indicate when, or just  before, this change- 
over occurs. (See Appendix C-4.1 and C-4.2.) 

b. where 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 oper-  
ates only in case of an emergency, it shall be indicated sep- 
arately for each system when, or  just  before, this change- 
over occurs. (See Appendix C-4.1 and C-4.2.) 

c.* where check valves are not provided for each cyl- 
inder lead of the reserve supply for a manifold or bulk 
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supply system, it shall be indicated separately for each system 
when the reserve supply is reduced to one average day's sup- 
ply. I f  check valves are provided in each cylinder lead, this 
signal is not required. (See Appendix C-4.1 and C-4.2.) 

d. when a cryogenic liquid storage unit is used as a 
reserve for a bulk supply system, it shall be indicated sep- 
arately for each system when the contents of the reserve is 
reduced to one average day's supply and when the gas 
pressure available in the reserve unit is reduced below the 
pressure required to function properly.  

e. it shall be indicated separately for each medical 
gas p ip ing  system when the pressure  in the main line 
increases 20 percent  or decreases 20 percent  from the nor- 
mal operat ing pressure. The  actuatingswitch for these sig- 
nals shall be installed in the main line immediately down- 
stream (on the piping distribution side) of  the main line 
shutoff valve. (See Appendix C-4.1.) 

f. each  of  the  i n d i v i d u a l  a l a rms  r e q u i r e d  in 
4-3.1.2.1(d)1 shall be ' indicated.  This shall be either by a 
separate indicator for each condition monitored or with a 
single indicator labeled "Medical Air System Fault" or sim- 
ilar wording and that indicates when any of the conditions 
monitored occurs. 

g. a separate indicator shall be provided for dew 
point  and carbon monoxide per  4-3.1.2.1(d)2 and 3. 

(c) Area Alarms. 
1. Area alarms shall be provided for each medical gas 

piping system supplying anesthetizing locations and other 

vital life support  and critical care areas such as postanaesthe- 
sia recovery, intensive care units, coronary care units, etc. 

2. Area alarm panels shall be located at the nurses' 
station or other  location that will provide for responsible 
surveillance. 

3. Area alarms shall indicate if the pressure in the 
local line increases 20 percent  or  decreases 20 percent  
from normal line pressure. (See Appendix C-4.1.) 

4.* Activating switches or  sensors for critical care 
areas shall be placed in the individual line supplying each 
such specific area. No valve, o ther  than service valves 
located in areas accessible only to authorized personnel,  
shall intervene between the sensor or switch and the out- 
lets intended to be monitored by the alarm. 

5.* Activating switches or sensors for anesthetizing areas 
shall be placed in the individual line supplying each such 
specific area with the individual room shutoff valve being the 
only one between the actuating switch and the outlets. 

(d) Local Alarms. 
1. An indicator shall be provided for each of  the indi- 

vidual alarms required in 4-3.1.1.9 at the air compressor 
site. These indicators shall comply with 4-3.1.2.1(a)1, 2, 
and 3 and shall be grouped  together in a single location 
(e.g., in an alarm panel or with the system controls). 

2. Dew point for medical air shall be monitored and 
alarmed per  4-3.1.1.9(h) to indicate a line pressure dew 
point above 39°F (3.9°C). 

Pipe shaft --~ ,, 

Operating room ~ " ~ ' .  ~--'~.~ ~ ~ ~ L ~ ~ f ~  ~ station outlet I r ,r,,--, - I I | 
Room zone valve [l~;~J Or ~ in wall box at each L ~ J  Zone valve to Intensive care, 
anesthetizing room ~ service only a coronary care 

, specific critical or other critical 
(see Note 1) Surgical corridor V ' ~ . .  L!.:~'! rec°very room care area care area 

Delivery room I ~  ~ i / / ~  ~ ~ ~ l ~ 
station outlet I t'~,,,'1,11 ~'11 Lateral ~ 
(wall/ceiling)"'~'l'~ I I I  ~ * - I  II I 

I I /  oeliveryroom I II / : : l  I"1 , ~  Isolation Suspect 
Room zone valve I r ~ l r h  stationo,utlet Ir~lll " ~  i i J ~  U / / / / 
in wall box at each ........~"~]" 0 I-I (wall/celhng) ~ I / I 
anesthetizing room - ~ I ~,~J~-,~.l :: ~"...Corddorsection ~ r~ r~ r~ 
(seeNotet) Oeliverycorddor  v :i:L ::" valve in wall box = .ureery"'T = = 

I ; ;  - -  - -  Second floor 
Pressure - atera / I  ,,/1 / / I  
relief I I :: / / / / /  

\ Patieht room h i  I I ',', 1(5 1 . /  j~ Patient rooms 
Extedor wall \ ~ ~ J " ~ / / . . . . . .  :,, ~ - -  - -  

\ I~1 ~'~ Corridor section / .,,~-- I . . . .  J ,  , 1 ,  
~' ' vave nwa box ~ -  . .  , ,, L;orriaorsection L ~  B 

~ ~ ! <  i[ L~: valve in wall box 

I I I r - - -  (31-1~ Hiclh-lowpressure I [ [ ~ Manual shutoff valve Firstfloor 
$ I I ". I T T  sw]tch (see Note 3) ^ '  . . I,~ at each riser bsse . . . .  4~ I I - ~  . ~ l > ~ . - - r ~ ,  ---- ~uppqmam J l ' l  , momernsers 
"= I I Fromsupply / '%, . . . .  I . , ~  ~/-.Pipeshaftto 

I I . -  unecK vawes I /.:-[.~ \r  I floors above 
(Physically L..J Main shutoff valve I ~ ~¢u>~. I 
protected) ' I/~" ~C,U~ ~ .: ~ ~ ~ 

Emergency low-pressure Legend Basement 
oxygen connection 
(see 4-3.1.1.8) ~ Pressure gauge rLI High-low pressure switch r~ Station outlets (see Note 2) [ ]  Service shutoff valve [see 4-3.1.2.2(b)9] 

Figure 4-3.1.2 Location of valves, pressure switches, and piping for medical gas systems (schematic). (Level 1 Gas Systems) 
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3. Carbon monoxide tbr medical air shall be monitored 
and alarmed per 4-3.1.1.9(h) to indicate a level above 10 ppm. 

(e) Pressure Gauges for Gases. The scale range of positive 
pressure analog gauges shall be such that the normal read- 
ing falls within the middle 50 percent  of the scale. The  
scale range of digital gauges shall be not more than two 
times the working pressure. The  rated accuracy of pres- 
sure gauges used for testing shall be one percent  (full scale) 
or better at the point  of reading. Pressure gauges shall be 
in compliance with ANSI/ASME B-40.1, Gauges, Pressure 
Indicating Dial-Type, Elastic Elements. 

1. A pressure gauge shall be installed in the main line 
adjacent to the actuating switch required in 4-3.1.2. l(b)3e. 
It shall be appropr ia te ly  labeled and shall be readily visible 
fiom a standing position. (See Appendix C-4.2.) 

2. An appropr ia te ly  identified pressure gauge, con- 
nected to the line being monitored,  shall be installed at 
each area alarm panel location. It shall be appropr ia te ly  
labeled and shall be readily visible from a standing posi- 
tion. (See Appendix C-4.2.) 

4-3.1.2.2 Gas Piping Systems (General). 

] (a)* Gas Piping. The provisions of  this section apply to 
field-installed piping tbr the distribution of nonflammable 
medical piped gases. 

1. Tubes, valves, fittings, station outlets, and other  
piping components  in medical gas systems shall have been 
cleaned tot oxygen service prior  to installation. 

2. Piping for nonflammable medical gas systems shall be 
suitable for oxygen service in accordance with 4-3.1.2.3(a). 
Each length of tube shall be permanently labeled and deliv- 
ered plugged or capped. Fittings, valves, and other devices 
shall be sealed and marked. The installer shall furnish docu- 
mentation certifying that all installed piping materials comply 
with the requirements of this paragraph. 

3. Piping shall be hard-drawn seamless medical gas 
tube, Type  K or L (ASTM B819), and bear one of the fol- 
lowing markings: OXY, MED, OXY/MED, ACR/OXY, or  
ACR/MED. Mains and branches in piping systems shall be 
not less than l/,, in. nominal size. Runouts to area alarm 
panels shall be permit ted to be 1/4 in. nominal size. 

Exception: For systems operated at pressures between 200 and 
300 psig (1380 and 2070 kPa, respectively), ASTM B819, Type 
K col)per shall be used. 

4.* Except as provided under  4-3.1.2.2(a)8 and 9, 
joints in copper  tubes shall be brazed using capillary fit- 
tings complying with ANSI B16.22, Wrought Copper and 
Copper Alloy Solder-]oint Pressure Fittings, or brazing fittings 
complying with MSS SP-73, Brazing Joints for Wrought and 
Cast Copper Alhn, Solder,]oiat Pressure Fittings. Cast fittings 
shall not be used for brazed joints. 

5. Valves. fittings, and other piping components shall 
be cleaned tor oxygen service by the manufacturer in accor- 
dance with CGA Panaphlet G-4.1, Cleaning Equipment for Oxy- 
gen Sere,ice, except that fittings shall be permit ted to be 
cleaned by a supplier or agency other than the manufacturer. 

6. Piping systems shall be des igned  and sized to 
deliver the required flow rates at the utilization pressures. 

7. Piping shall be supported from the building struc- 
ture in accordance with MSS Standard Practice SP-69, Piping 
Hangers and Supports -- Selection and Application. Hangers and 
supports shall comply with MSS Standard Practice SP-58, 
Pipe Hm~ge~:~ and Supports -- Mate~4als, Design and Manufacture. 

Hangers for copper  tube shall have a copper  finish. In 
potentially damp locations, copper  tube hangers or sup- 
ports shall be plastic-coated or otherwise insulated from 
the tube. Maximum suppor t  spacing shall be as follows: 

I/4 in. (.635 cm) nominal 
:~/8 in. (.953 cm) nominal 
J/2 in. (1.27 cm) nominal 
:~/4 in. (1.91 cm) nominal 
1 in. (2.54 cm) nominal 
lq/4 in. (3.175 cm) nominal 
I-1/2 in. (3.81 cm) nominal and 

larger vertical risers 

5 ft (1.52 m) 
6 ft (1.83 m) 
6 ft (1.83 m) 
7 ft (2.13 m) 
8 ft (2.44 m) 
9 ft (2.74 m) 
10 ti_ (3,05 m) every floor, but 
not to exceed 15 ft (4.57 m) 

8. Joints in medical gas tube shall be brazed except 
that  memory-meta l  couplings having t e m p e r a t u r e  and 
pressure ratings not less than that of a brazed jo int  shall be 
permit ted.  Flared and compression-type connections shall 
be prohibi ted  th roughou t  the piping system, including 
connections to station outlets, alarm devices, and other  
components.  Unions shall not be permit ted in the distribu- 
tion pipeline system. 

Exception: Threaded connections for air compressor sets and 
devices such as manifolds, pressure regulators, relief valves, pres- 
sure switches, and pressure gauges. 

9. Listed or approved metallic gas tube fittings that, 
when made up, provide a pe rmanen t  jo in t  having the 
mechanical, thermal,  and sealing integrity of  a brazed joint  
shall be permit ted to be used in lieu of brazed joints. 

10. Turns,  offsets, and other  changes in direction in 
p i p i n g  shall  be m a d e  with f i t t ings c o m p l y i n g  with 
4-3.1.2.2(a)4. 

11. Piping shall be protected against freezing, corro- 
sion, and physical damage. Buried piping outside of build- 
ings shall be installed below the local level of frost penetra-  
tion. Buried piping that will be subject to surtace loads 
shall be buried at a sufficient depth to protect the piping 
from excessive stresses. The  min imum backfilled cover 
above the top of  buried piping outside of buildings shall be 
36 in. (91.4 cm), except that the minimum cover shall be 
permit ted to be reduced to 18 in. (45.7 cm) where physical 
damage to the piping is not likely to occur. Trenches shall 
be excavated so that the pipe has a firm, substantially con- 
t inuous bear ing  on the bot tom of the t rench.  Under -  
ground piping shall be installed in a continuous split enclo- 
sure to protect the pipe from damage while backfilling. 
Backfill shall be clean and compacted so as to protect and 
un i formly  s u p p o r t  the p iping.  A con t inuous  tape  or  
marke r  placed inamediately above the enclosure  shall 
clearly identify the pipeline by specific name. In addition, 
a continuous warning means shall be provided above the 
pipel ine at approx imate ly  one-hal f  the depth  of  bury.  
Where  u n d e r g r o u n d  piping is installed through a wall 
sleeve, the ends of the sleeve shall be sealed to prevent  the 
enHance of ground water. 

12. Medical  gas r isers  shall  be p e r m i t t e d  to be 
installed in pipe shafts if protected from physical damage,  
effects of excessive heat, corrosion, or contact with oil. 

13. Piping shall not be installed in kitchens or electri- 
cal switchgear rooms. 

14. Medical  gas p ip ing  shall be pe rmi t t ed  to be 
located in the same service trench or tunnel with fuel gas 
lines, fuel oil lines, electrical lines, steam lines, and similar 
utilities provided that the space is ventilated (naturally or 
mechanically) and the ambient  tempera ture  a round the 
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medical gas piping is limited to 130°F (54°C) maximum. 
Medical gas piping shall not be located where subject to 
contact with oil, including flooding in the case of a major 
oil leak. 

] 15. Piping exposed in corridors and other  areas 
where subject to physical damage from the movement of 
carts, stretchers, portable equipment,  or vehicles shall be 
suitably protected. 

16. Hoses and flexible connectors, both metallic and 
nonmetallic, shall be no longer than necessary and shall 
not penetrate or be concealed in walls, floors, ceilings, or 
partitions. Flexible connectors, metallic or nonmetallic, 
shall have a minimum burst pressure of 1000 psig (6900 
kPa gauge). [See 4-3.1.2.2(a)9.] 

17. Where a system originally used or constructed for 
use at one pressure and for a gas is converted for operation 
at another pressure or for another gas, all provisions of 
4-3.1.2.2(d), 4-3.1.2.3, 4-3.4.1, and  the Exception to 
4-3.1.2.2(a)3 shall apply as if the system were new. Vacuum 
s y s t e m s  sha l l  never  be  c o n v e r t e d  for  u s e  as gas  s y s t e m s .  

] (b)* Gas Shutoff Valves. (See Appendix C-4.2.) 
1. Shutoff valves accessible to other than authorized 

personnel shall be installed in valve boxes with frangible or 
removable windows large enough to permit manual oper- 
ation of valves. 

I Exceptio~l: Shutoff valves for use in certain areas, such as psy- 
chiatric or pediatric, shall be permitted to be secured to prevent 
inappropriate access. 

2. A shutoff valve shall be placed at the immediate 
outlet of the source of supply to permit the entire source of 
supply, including all accessory devices (such as air dryers, 
final line regulators, etc.), to be isolated from the piping 
system. The source valve shall be upstream of the main line 
shutoff valve and shall be located in the immediate vicinity 
of the source equipment.  It shall be labeled "SOURCE 
VALVE FOR THE (SOURCE NAME)." 

3. The main supply line shall be provided with a shut- 
off valve. The vah, e shall be located to permit access by 
authorized personnel only (e.g., by locating in a ceiling or 
behind a locked access door). The main supply line valve 
shall be located downstream of the source valve and out- 
side of the source room, enclosure, or where the main line 

] first enters the building. This valve shall be identified. A 
main line valve shall not be required where the source 
shutoff valve is accessible fi'om within the building. 

4. Each riser supplied fiom the main line shall be 

] provided with a shutoff valve adjacent to the riser connec- 
tion. Riser valves shall remain accessible and shall not be 
obstructed. 

5. Station outlets shall not be supplied directly fi'om a 
riser unless a manual shutoff valve located in the same 
story is installed between the riser and the outlet with a 
wall intervening between the valve and the outlets (see Fig- 
ure 4-3.1.2). This valve shall be readily operable fiom a 
standing 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 downstream of each lateral branch line 
shutoff valve. 

6. In-line shutoff valves intended for use to isolate 
existin.g.systems for piping maintenance or to extend to 
new piping systems shall be permitted. These valves shall 
be located in a secure area or locked open and labeled in 
accordance with 4-3.5.4.2. 

7. New or replacement pipeline shutoffvalves shall be 
of a quarter- turn ball type manufactured with extensions 
for brazing, and with an indicating handle and shall be of 
metallic construction. Valves shall be the three-piece type 
with full-size ports. 

8. Manual shutoff valves in boxes shall be installed 
where they are visible and accessible at all times. The boxes 
shall not be installed behind normally open or normally 
closed doors, or otherwise hidden from plain view. 

9. Service shutoff valves shall be placed where the lat- 
eral branches off of the riser prior to any zone valve box 
assembly on that branch. Only one valve shall be required 
for each branch off of a riser regardless of how many zone 
valve boxes are installed on that lateral. These valves shall 
be installed to allow a facility to make changes in piping in 
individual areas without shutting down an entire riser or 
facility. 

These valves shall be in a locked chase or shall have their 
handles secured and tagged to prevent accidental closing. 

10. Medical gases shall not be installed in the same 
zone valve box assembly with flammable gases. 

(c) Surface-Mounted Medical Gas Rail Systems. 
1. Listed or approved surface-mounted medical gas 

rail systems shall be permitted to be installed where multi- 
ple use of medical gases and vacuum at a single patient 
location are required or anticipated. The surface-mounted 
medical gas rail system shall be made of material as identi- 
fied in 4-3.1.2.2(a)1 or a material exhibiting the mechani- 
cal, thermal, and sealing integrity of a brazed joint  comply- 
ing with 4-3.1.2.3(b). Individual gas channel sizes shall be 
in conformity with good engineering practice for proper 
delivery of maximum volumes specified. The ends of the 
surface-mounted medical gas rails shall not be used for sta- 
tion outlets. 

2. Medical gas rails shall be permitted only where 
entirely visible in the room. Medical gas rails shall not pass 
into or through walls, partitions, etc. 

3. Station outlet locations for futm'e expansion that 
are capped shall not be readily removable via screwdriver, 
pliers, wrench, etc., but shall require a special tool to 
remove them when expansion is undertaken.  

4. Openings in surface-mounted medical gas rail sys- 
tems for station outlet assemblies or station outlet plug 
caps shall be gas-specific. 

5. All fittings used for internal and external connec- 
tion of surface-mounted medical gas rail systems shall be 
made especially for brazed connection, o1" shall be assem- 
bled with screw-thread-type brass fittings with bronze- or 
copper-brazing-type fittings. 

6.* Connections of surface-mounted medical gas rail 
systems to piping systems of dissimilar metals shall require 
plating of the connecting components to prevent interac- 
tion between dissimilar metals. 

7. The installation of the surface-mounted medical 
gas rail system shall be tested per 4-3.1.2.3. 

[ (d)* Gas Station Outlets. (See Appendix C-4.2.) 
1.* Each station outlet for medical gases, whether 

threaded or noninterchangeable quick-coupler, shall be 

1996 Edition 



99-48 HEALTH CARE FACILITIES 

gas-specific and shall consist of  a pr imary and a secondary 
valve (or assembly). The  secondary valve (or unit) shall 
close automatically to stop the flow of  medical gas when the 
pr imary valve (or unit) is removed.  Each outlet shall be 
legibly identified with the name or chemical symbol of the 
gas contained. Where chemical symbols are used, they shall 
be in accordance with CGA Pamphlet  P-2, Characteristics 
and Safe Handling of Medical Gases. Where supplementary 
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. 

2. Th readed  outlets shall be noninterchangeable con- 
nections complying with CGA Pamphlet  V-5, Diameter-Index 
Safety System -- Non-Interchangeable Low Pressure Connections 
for Medical Gas Applications. 

3. Each station outlet, including those mounted  in 
columns, hose reels, ceiling tracks, or o ther  special installa- 
tions, shall be designed so that parts or components  that 
a re  r e q u i r e d  to be gas-specif ic  for comp l i ance  with 
4-3.1.2.2(d)1 cannot be interchanged between station out- 
lets for different gases. 

a. The use of common parts such as springs, O-rings, 
fasteners, seals, and shutoff poppets shall be permitted. 

4. 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 shall be per- 
mitted to be recessed or otherwise protected from damage. 

Anesthetizing locations and other  vital l ife-support and 
critical areas, such as postanesthesia recovery, intensive 
care units, and coronary  care units, shall be suppl ied  
directly from the riser without intervening valves except as 
provided in 4-3.1.2.2(b)6, 4-3.1.2.2(d)5, or 4-3.1.2.2(d)6. 

5. A shutoffvalve shall be located immediately outside 
each vital l ife-support or critical care area in each medical 
gas line, and located so as to be readily accessible in an 
emergency. Valves shall be protected and marked in accor- 
dance with 4-3.5.4.2. 

All gas-delivery columns, hose reels, ceiling tracks, con- 
trol panels, pendants ,  booms, alarm panels, or other  spe- 
cial installations shall be located downstream of  this valve. 

6. 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 ar ranged that shutting off the sup- 
ply of gas to any one operat ing room or anesthetizing loca- 
tion will not  affect the others .  Valves shall be of  an 
approved  type, mounted on a pedestal or otherwise prop-  
erly safeguarded against physical damage,  and marked in 
accordance with 4-3.5.4.2. 

7. When muhiple wall outlets are installed, including 
those for vacuum, there must be sufficient spacing between 
outlets to permit  the simultaneous use of adjacent outlets 
with any of the various types of therapy equipment.  

8. Pressure gauges and manometers  for medical gas 
piping systems shall be cleaned and degreased.  

9. Outlets (inlets) intended for the connection of man- 
ufactured assemblies shall be D.1.S.S. connectors. 

(e) Manufactured Assemblies. 

1. Manufactured assemblies employing flexible hoses 
or tubing shall: 

a. be attached to the medical gas pipelines using 
semi-permanent  connections to station outlets (inlets). 

Where the station outlets (inlets) are not fully and immedi- 
ately accessible (i.e., can be manipulated without necessitat- 
ing removal  of panels,  doors,  etc.), the station outlets 
(inlets) shall addit ionally comply with 4-3.1.2.2(d)9 and 
shall be permit ted to consist of only a pr imary check, omit- 
ting the secondary check required in 4-3.1.2.2(d)1. The  
station outlet (inlet) shall be permanent ly  attached to the 
pipeline. 

b. use hoses and flexible connectors  complying 
with 4-3.1.2.2(a)16 and having a flame spread rating of 200 
in accordance with NFPA 255, Standard Method of Test of 
Surface Burning Characteristics of Building Materials, except 
that these shall be permit ted to be concealed inside the 
manufactured assembly provided the hoses and connectors 
can be accessed for replacement  or repair.  

c. be p rov ided  with a terminal  complying  with 
4-3.1.2.2(d)1, 3, 4, and 7 at the point  where the user makes 
connections and disconnections. 

d. be internally cleaned and delivered to the instal- 
lation site in compliance with 4-3.1.2.3(a). 

e. shall require testing of flexible hoses and tubing 
in accordance with 4-3.4.1.3(a) and (e) upon removal,  
replacement,  or addition. 

2. Manufactured assemblies employing copper  tubing 
and intended for direct brazed connection to the pipeline 
shall: 

a. comply with 4-3.1.2.2(a)1, 2, 3, 4, 5, 8, and 10. 
b. be provided with a station outlet (inlet) at the point 

where the user makes connections and disconnections. 
c. be assembled and delivered to the installation 

site in compliance with 4-3.1.2.3. 

4-3.1.2.3" Ins ta l l a t ion  Requirements .  Medical gas sys- 
tems shall be installed using methods and procedures  that 
maintain the interior  cleanliness of the piping system, as 
required by this s tandard.  Brazing shall be per formed by 
individuals  who are  qualified u n d e r  the provisions of  
4-3.1.2.3(b)1 or  2. 

(a) General. Components  in nonflammable medical gas 
systems shall be of materials that are suitable for oxygen 
service. (See 4-3.1.1.3, Material -- Oxygen Compatibility.) Pipe 
(tube), fittings, valves, and other  components  shall have 
been thoroughly cleaned internally to remove oil, grease, 
and other  readily oxidizable materials, as if for oxygen ser- 
vice. Such material shall be plugged,  capped,  or otherwise 
sealed until installed. Particular care shall be taken in the 
storage and handl ing of such material to maintain its clean 
condition. Immediately before final assembly, such mate- 
rial shall be visually examined internally for contamination. 
Material that has become contaminated and is no longer 
suitable for oxygen service shall not be installed. 

1. Pipe (tube), fittings, valves, and other  components  
shall be specially cleaned for oxygen service in a facility 
equipped to clean, rinse, and purge  the material in accor- 
dance with the requirements  of 4-3.1.2.2(a)5 or shall be 
p repared  in accordance with 4-3.1.2.3(a)2. 

2. On-site Cleaning. 
a. On-site cleaning of the interior surfaces of tubes, 

valves, fittings, and other  components  shall be limited to 
recleaning surfaces in the immediate vicinity of the joints 
that have become contaminated prior  to brazing. 

b. Where  on-site cleaning is permi t ted ,  surfaces 
shall be cleaned by washing in a clean, hot water/alkaline 
solution, such as sodium carbonate or tr isodium phosphate  
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(1 lb to 3 gal of potable water). Interior surfaces shall be 
thoroughly scrubbed and rinsed with clean, hot, potable 
water. 

(b) Qualification of Brazing Procedures and Brazer Performance. 
1. Except as provided under  4-3.1.2.3(b)2, brazing 

procedures and brazer performance shall be qualified in 
accordance with either Section IX, Welding and Brazing 
Qualifications, of  the ASME Boiler and Pressure Vessel Code, 
or AWS B2.2, Standard for Brazing Procedure and Perfor- 
mance Qualifications, both as modified below. 

a. Brazers shall be qualified by visual examination 
of the test coupon followed by sectioning (ASME Section 
IX) or macroetching (per AWS B2.2), except that a tension 
test shall be permitted to be substituted for sectioning or 
macroetching. Where tension tests are used for brazer 
qualification, they shall be performed in accordance with 
ASME IX or AWS B2.2. 

b. The  Brazing Procedure  Specification shall 
address cleaning, joint clearance, overlap, internal purge 
gas, purge gas flow rate, and filler metal. 

c. The Brazing Procedure Qualification Record 
and the Record of  Brazer Performance Qualification shall 
document filler metal used, cleaning, joint clearance, over- 
lap, internal purge gas and flow rate used during brazing 
of  the test coupon, and no internal oxidation exhibited on 
the completed test coupon. 

d. Brazing procedures qualified by a technically 
competent group or agency are permitted under the fol- 
lowing conditions: 

i. The Brazing Procedure Specification and the 
Procedure Qualification Record shall meet the require- 
ments of this standard and either ASME Section IX or 
AWS B2.2. 

ii. The employer shall obtain a copy of both the 
Brazing Procedure Specification and the supporting quali- 
fication records from the group or agency and shall sign 
and date these records, thereby accepting responsibility for 
the qualifications that were performed by the group or 
agency. 

iii. The employer shall qualify at least one brazer 
following each Brazing Procedure Specification used. 

e. An employer shall be permitted to accept Brazer 
Qualification Records of a previous employer under the 
following conditions: 

i. The brazer shall have been qualified follow- 
ing the same or an equivalent procedure as that which 
he/she will use for the new employer. 

ii. The new employer shall obtain a copy of the 
record of  Brazer Performance Qualification tests from the 
previous employer and shall sign and date these records, 
thereby accepting responsibility for the qualifications per- 
formed by the previous employer. 

f. Performance qualification of brazers shall remain 
in effect indefinitely unless the brazer does not braze with 
the qualified procedure for a period exceeding 12 months, 
or there is a specific reason to question the ability of the 
brazer. 

2. Except as prohibited under 4-3.1.2.4, Systems Hav- 
ing Nonstandard Operating Pressures, on-site testing of 
brazers shall be permitted subject to the approval of the 
authority having jurisdiction. The brazing procedure used 
shall meet the requirements of 4-3.1.2.3(c). The criteria for 
acceptance shall be in accordance with 4-3.1.2.3(c)10, 
including pressure testing to 150 psi (1034 kPa). Records 

shall be maintained of the brazing procedure specification 
used and individual brazer testing. 

(c)* Brazed Joints. 
1. Brazed tube joints shall be the socket type. Filler 

metals shall bond with and be metallurgically compatible 
with the base metals being joined. Flux shall not be used 
except where permitted under 4-3.1.2.3(c) 1 b. Brazing filler 
metals shall comply with ANSI/AWS A5.8, Specification for 
Brazing Filler Metal, except that filler metals having compo- 
sitions not conforming to the exact ANSI/AWS A5.8 classi- 
fications shall be permitted when used according to the 
manufacturer's instructions. 

a. Copper-to-copper joints shall be brazed using a 
copper-phosphorus or copper-phosphorous-silver brazing 
filler metal (BCuP series) without flux. 

b. Dissimilar metals, such as copper and bronze or 
brass, shall be brazed using an appropriate flux with either 
a copper-phosphorus,  copper-phosphorous-silver (BCuP 
series), or a silver (BAg series) brazing filler metal. 

2. Joints to be brazed in place shall be accessible for 
proper preparation, assembly, heating, filler application, 
cooling, cleaning, and inspection. 

3. Tube ends shall be cut square using a sharp tubing 
cutter to avoid deforming the tube. The cutting wheel shall 
be free from grease, oil, or other lubricant not suitable for 
oxygen service. 

4. The surfaces to be brazed shall be mechanically 
cleaned using a clean stainless steel wire brush or equiva- 
lent. The use of steel wool shall be prohibited due to the 
possible presence of oil. Mechanical cleaning shall not 
result in grooving of  the surfaces to be joined. After 
mechanical cleaning, the surfaces shall be wiped using a 
clean, lint-free white cloth. During this cleaning, care shall 
be taken to avoid contamination of the "cleaned for oxy- 
gen" internal surfaces of the tube and components. Joints 
shall be recleaned if contaminated prior to brazing. Joints 
shall be brazed within 1 hour of  being cleaned. 

5. Where dissimilar metals, such as copper  and 
bronze or brass, are being brazed, flux shall be applied 
sparingly to minimize contamination of the inside of the 
tube with flux. The flux shall be applied and worked over 
the surfaces to be brazed using a stiff stainless steel bristle 
brush to ensure adequate coverage and wetting of the sur- 
faces with flux. Where possible, short sections of  copper 
tube shall be brazed to the noncopper component and the 
interior of the subassembly shall be cleaned of flux prior to 
installation in the piping system. Flux-coated brazing rods 
shall be permitted to be used in lieu of the application of 
flux to the surfaces to be joined on tube 3/4 in. nominal size 
and smaller. 

6. Tube ends shall be inserted fully into the socket of 
the fitting. Where flux is permitted, the joint shall be 
heated slowly until the flux has liquefied. Once this has 
occurred, or where flux is not used, the joint shall be 
heated quickly to the brazing temperature, taking care'not 
to overheat the joint. Techniques for hefiting the joint, 
applying the brazing filler metal, and making horizontal, 
vertical, and large-diameter joints shall be as stated in sec- 
tions on "Applying Heat and Brazing" and "Horizontal 
and Vertical Joints" in the chapter on "Joining and Bend- 
ing" in the CDA Copper Tube Handbook. 

7.* While being brazed, joints shall be continuously 
purged with oil-free dry nitrogen to prevent the forma- 
tion of copper oxide on the inside surface of the joint. 
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The flow of  purge gas shall be maintained until  the joint 
is cool to the touch. 

Exception." A final connection1 to an existing pipeline shall be 
] permitted to be made without the use of a nitrogen purge. After 
[final connection, the affected downstream portions of the pipeline 
]shall be tested in accordance with 4-3.4.1.3(e) a*~d 4-3.4.1.3(0 
] with the source gas. 

8. During and after installation, openings in the pip- 
ing system shall be kept capped or plugged to avoid unnec- 
essary loss of  purge  gas while brazing and to prevent  debris 
or  other  contaminants from enter ing the system, except 
that dur ing  brazing, a discharge opening shall be provided 
on the opposite side of the jo int  from where the purge gas 
is being introduced.  During brazing, the purge gas flow 
rate shall be maintained at a level that will not produce a 
positive pressure in the piping system. After brazing, the 
discharge opening shall be plugged or capped to prevent  
contamination of the inside of the tube. 

9. After brazing,  the outside of all jo in ts  shall be 
cleaned by washing with water and a stainless steel wire 
brush to remove any res idue  and pe rmi t  clear visual 
inspection of the joint.  Where flux has been permit ted,  hot 
water shall be used. 

10. Each brazed joint  shall be visually examined after 
cleaning of the outside of the joint.  The  following condi- 
tions shall be considered unacceptable: 

a. Flux or flux residue. 
b. Excessive oxidation of the joint.  
o Presence of unmelted filler metal. 
d. Failure of the filler metal to be clearly visible all 

the way a round  the jo in t  at the interface between the 
socket and the tube. 

e. Cracks in the tube or component .  
f. Cracks in the braze filler metal. 
g. Failure of the jo in t  to hold the test pressure 

under  4-3.4.1.2(c). 
11. Brazed joints that are found to be defective under  

4-3.1.2.3(c)10, conditions a, c, d, f, or g, shall be permit ted 
to be repaired,  except that no joint  shall be repaired more 
than twice. Brazed joints that are found to be defective 
under  4-3.1.2.3(c)10, conditions b and e, shall be replaced. 

(d)* Threaded Joints. 
1. Threads  on pipe and fittings shall be tapered pipe 

threads complying with ANSI B1.20.1, Pipe Threads, Gen- 
eral Pu.rpose. 

2. Threaded  joints in piping systems shall be made up 
with polyte t raf luoroethylene (such as "Feflon TM) tape or 
other  thread sealant suitable tot  oxygen service. Sealants 
shall be applied to the male threads only. 

(e) Gas Piping System Installatio~. 
1. The  installation of individual components  shall be 

made in accordance with the instructions of the manufac- 
turer.  Such instructions shall include directions and infor- 
mation deemed by the naanufacturer to be adequate for 
at taining p rope r  installation, testing, maintenance,  and 
operat ion 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. 

(t) Prohibited Comlections. No two medical gas pipelines 
shall be interconnected at any time. The pressure testing of 

the systems shall be accomplished by individual charging 
and measurement.  

4-3.1.2.4 Systems Having Nonstandard Operating Pres- 
sures. The following requirements  apply to gas piping 
systems having an operat ing pressure other  than the stan- 
dard 50 to 55 psig (345 to 380 kPa) [or 160 psig (1103 kPa) 
for nitrogen], and are in addit ion to the minimum require- 
ments listed in 4-3.1.2.2. 

(a) Pipelines, shutoff valves, and station outlets in sys- 
tems having nons tandard  opera t ing  pressures  shall be 
labeled tbr gas name and operat ing pressure. 

(b) Where  opera t ing  pressures  are  200 to 300 psig 
(1380 to 2068 kPa): 

1. Only Type  K ASTM B819 (copper tube) shall be 
used. 

2. Brazing procedures  and brazers shall be qualified 
as required under  4-3.1.2.3(b)1. On-site testing, as permit-  
ted under  4-3.1.2.3(b)2, shall be prohibited.  

(c) Station outlets in systems having nonstandard  oper-  
ating pressures shall meet the following additional require- 
ments: 

1. Be gas-specific. 
2. Be pressure-specific where a single gas is piped at 

more than one operat ing pressure [e.g., a station outlet for 
oxygen, 80 psig (550 kPa) shall not accept an adapter  for 
oxygen, 50 psig (345 kPa)]. 

3. If operated at a pressure above 80 psig (550 kPa) 
but below 200 psig (1380 kPa), be either D1SS style or 
comply with 4-3.1.2.2(d). 

4. If opera ted  at a pressure between 200 and 300 psig 
(1380 to 2068 kPa), the station outlet shall be so designed 
as to prevent  the removal of  the adapter  until the pressure 
has been relieved, to prevent  the adapter  injuring the user 
or others when removed from the outlet. 

5. Be labeled fi)r the gas name and operat ing pres- 
sure [e.g., nitrogen, 250 psig (1725 kPa)]. 

(d) Testing. When systems operated at different pres- 
sures are installed, each pipeline shall be tested separately. 

4-3.2 Piped Vacuum Systems (Source and Distribution) 
--  Level 1. 

4-3.2.1" Source (Vacuum Pumps) -- Level 1. 

4-3.2.1.1" Mult iple  Pumps.  Two or more pumps shall be 
installed that  serve this system al ternately  or simulta- 
neously on demand.  The pump(s) shall be sized to serve 
peak demand  with the largest pump out of service. Each 
pump shall have an automatic means to prevent  backflow 
through off-cycle units and a shutolfvalve to isolate it from 
the centrally piped system and other pumps ['or mainte- 
nance or repair  without loss of vacuum in the system. 

4-3.2.1.2" Backup Operation. A device shall be provided 
to automatically activate the additional pump(s) if the unit 
in operat ion is incapable of adequately maintaining vac- 
uum. A local audible and visual alarm shall be provided to 
indicate when the reserve or off-duty pump is in operation.  

4-3.2.1.3 Al t e rna t ion .  Pumps shall be p rov ided  with 
automatic or manual alternation to allow division of oper-  
ating time. If  automatic alternation of pumps is not pro- 
vided, the [acility shall arrange a proper  schedule for man- 
ual alternation. 
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4-3.2.1.4 Motor Controls. Each pump shall be provided 
with a dedicated disconnect switch, motor  starting device, 
and overload protection. The  disconnect switches shall be 
instal led in the electrical circuit  ahead  of each motor  
starter. Where vacuum pump units having two or more 
pumps  employ a control t ransformer  or o ther  voltage- 
reducing control power device, at least two such devices 
shall be provided.  Control circuits shall be ar ranged in 
such a manner  that the shutdown of one pump does not 
in ter rupt  the operat ion of another  pump.  

4-3.2.1.5 Electrical Power. Electrical equipment and wir- 
ing shall conform to the requirements of NFPA 70, National 
Electrical Code. Emergency electrical service for the pumps 
shall conform to the requirements of the essential electrical 
system as described in Chapter 3 of this document. 

4-3.2.1.6" Receivers (Tanks). Receiver(s) shall be installed. 
Receivers shall comply with Section VIII,  Unfired Pressure 
Vessels, of the ASME Boiler and Pressure Vessel Code and shall 
meet the standing pressure tests of 4-3.4.2 of this chapter, 
and full vacuum of 29.92 inches of mercury.  A suitable 
method shall be provided for drainage so that substances that 
might  accumulate  can be d ra ined  from the receiver(s) 
[tank(s)]. The method shall provide means to drain and ser- 
vice the receiver without interrupting the vacuum system. 

4-3.2.1.7 Piping.  Piping between vacuum pump(s), dis- 
charge(s), receiver(s), and the vacuum main line valve shall 
be in accordance with 4-3.2.2.2(a) except that steel pipe 
shall be permit ted to be either black or galvanized. 

4-3.2.1.8" Noise and Vibration.  Provision shall be made 
to minimize the transmission of noise and vibration created 
by the central vacuum source beyond the space in which 

I the e q u i p m e n t  is located.  Flexible  coup l ing  shall be 
installed in the piping to and from the equipment.  Flexible 

couplings shall be rated for temperature ,  and pressure or 
vacuum, at the point of installation. 

14-3.2.1.9 * Exhausts. The exhaust from vacuum pumps 
shall be discharged outdoors in a manner that will minimize 
the hazards of noise and contamination to the hospital and its 
environment. The exhaust shall be located remote from any 
door, window, air intake, or other openings in buildings with 
particular attention given to separate levels for intake and 
discharge. 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 piping shall be free of dips or loops 
that might trap condensate or oil. If such discharge piping is 
unavoidable, a t rapped drip leg shall be installed to keep the 
piping free of fluid buildup. 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. 

I 4-3.2.1.10 Typical  Vacuum Source. A schematic of a typi- 
cal Level 1 vacuum source is shown in Figure 4-3.2.1.10. 

4-3.2.2 Dis t r ibu t ion  (Piping,  Valving/Controls, Station 
Inlets, Alarms) -- Level 1. 

4-3.2.2.1" General .  The  locations and number  of  vac- 
uum system station inlets in a system shall be determined 
by consul ta t ion with medical  and  facility staff having 
knowledge of the requirements for, and the utilization of, 
vacuum in each space or patient location. 

I 4-3.2.2.2 Vacuum System Piping Network. 
(a)* Vacuum Network Piping. Piping shall be corrosion- 

resistant metal such as seamless copper  water tube (ASTM 

Configuration 1 Configuration 2 

Master ~ ~ Either configuration 
alaagumum--, ~ ' i  , ,  I )  ~ ] ) is acceptable N Vent-discharge 
switch \ \ ~ . . X , , , J . ~  l i  line(s) outside 

~.,,..t.._.../--. . . . .  I I ~ of building 
Source \ "T" i- . . . . .  1 / - 

From shutoff "~ Gauge ', ~ ! ( [  
medical valve I I I  (~  .,.---2--~ ' L_.:____- | 
piping ---,,- - - . ~ . ~ - ~ I - , Y - - ~  "N~ Optional muffler T 
system . . . . .  [ \ *------Vent lines m 

i----I--~.~[ J ~ , ~ - ~ - .  i Drip leg(s) as 
--, : I \ I required (one as 

From --*'rFT-,L~'~--i I ~ 4, ,& I Manual close as possible 
laborato~--' - I I i '  : ?"--- [ -  valves to the pump) 
piping I I 7 ' ' ? I 
system** I Receiver* I ']" "I- l 

I I $ : ~ ~ Flexible 
I I ] I I connectors 

I I val-;Z 

* See 4-3.2.1.9. i To drain* 
** See 4-6.2.2. \~" 

Note 1 : Other arrangements that differ from this schematic in such items as the number of pumps, 
receivers, piping layout, etc., or other arrangements that meet specific recommendations 
of the vacuum source equipment manufacturer are permissible. 

Note 2: Dotted lines indicate optional items. 

Shutoff valve O Gauge ~ Check valve [ ]  Vacuum switch [ ]  Fluid trap 

Figure 4-3.2.1.10 Typical Level 1 vacuum source. 
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B88, Types K, L, M), copper  ACR tube (ASTM B280), cop- 
per  medical gas tube (ASTM B819), stainless steel tube, or  
galvanized steel pipe [1-1/2 in. minimum size] (ASTM A53). 
Pipe threads shall comply with ANSI B 1.20.1, Pipe Threads, 
General Purpose. Copper  tube shall be hard drawn temper  
except  that  annea led  tube shall be p e r m i t t e d  unde r -  
ground.  Joints in copper  tube shall be soldered or  brazed. 
Joints in stainless steel tube shall be brazed or welded. 
Joints in galvanized steel pipe shall be threaded or flanged. 
Soldering shall be per formed in accordance with ASTM 
B828, Making Capillary Joints by Soldering of Copper and Cop- 
per Alloy Tube and Fittings. Solder metal (ASTM B32) shall 
contain less than 0.2 percent  lead. Brazing shall be in 
accordance with 4-3.1.2.3(c) except that flux shall be per- 
mitted to be used for copper- to-copper  joints and nitrogen 
purging while brazing shall not be required.  

(b) Marking. If  copper  vacuum piping is installed along 
with any medical gas piping, ei ther the vacuum piping or 
the medical gas piping shall, prior  to installation, be prom- 
inently labeled or otherwise identified to preclude using 
materials or installation procedures  in the medical gas sys- 
tem that are not suitable for oxygen service. I f  medical gas 
tube (ASTM B819) with brazed joints is used for the vac- 
uum piping, such special marking shall not be required,  
provided  that  the vacuum piping installation meets all 
requirements  for medical gas piping, including the prohi-  
bition of flux on copper- to-copper  joints and the use of  a 
ni trogen purge  while brazing. 

(c)* Minimum Sizes. Mains and branches shall be not 
less than 3/4 in. nominal size. Drops to individual vacuum 
inlets shall be not less than 1/2 in. ID (inside diameter),  
except for the tube attached immediately to the station 
inlet and not extending more than 8 in. (20.3 cm) from the 
station inlet. Connections to gauges and alarm switches 
and runouts to alarm panels shall be permit ted to be 1/4 in. 
nominal size. 

(d) Support. Piping shall be suppor ted  from the build- 
ing structure in accordance with MSS Standard Practice 
SP-69, Piping Hangers and Supports -- Selection and Applica- 
tion. Hangers  and supports  shall comply with MSS Stan- 
dard  Practice SP-58, Pipe Hangers and Supports -- Materials, 
Design, and Manufacture. Hangers  for copper  tube shall 
have a copper  finish. In potentially damp locations, copper  
tube hangers or supports  shall be plastic-coated or other-  
wise insulated from the tube. Maximum suppor t  spacing 
shall be as follows: 

1/4 in. (.635 cm) nominal 
3/8 in. (.953 cm) nominal 
I/2 in. (1.27 cm) nominal 
'3/4 in. (1.91 cm) nominal 
1 in. (2.54 cm) nominal 
q/4 in. (3.175 cm) nominal 
]/2 in. (3.81 cm) nominal and larger 

vertical risers 

5 ft(l.52 m) 
6 ft (1.83 m) 
6 ft (1.83 m) 
7 ft (2.13 m) 
8 ft (2.44 m) 
9 ft (2.74 m) 
10 ft (3.05 m) 
every floor, but not to 
exceed 15 ft (4.57 m) 

(e) Copper Tube Fittings. Fittings for jo in ing  copper  
tube shall be pressure-rated copper,  brass, or  bronze made 
especially for brazing or soldering, except as provided in 
4-3.2.2.2(t) and (g). Fittings shall be wrought  or  cast, 
except that cast fittings shall not be brazed. 

(1) Mechanically-Formed Branch Connections. The use of 
dri l led and ex t ruded  tee-branch connections to copper  
mains and branches shall be permit ted.  Such connections 
shall be made in accordance with the tool manufacturer 's  
instructions and the joint  shall be brazed. 

(g) Shape-Memory Couplings. Memory-metal  couplings 
providing joints equivalent to a soldered or  brazed joint  
shall be permit ted.  

(h) Unions. Unions, flare nuts, and similar straight- 
threaded connections shall be permit ted only in exposed 
locations and shall not be concealed in walls or ceilings. 

(i) Protection. Piping exposed in corr idors  and other  
areas where subject to physical damage from the move- 
ment  of carts, stretchers, portable equipment,  or vehicles 
shall be suitably protected.  Piping embedded  in concrete 
floors or walls shall be installed in a continuous conduit. 

(j) Underground Piping. Piping  shall  be p r o t e c t e d  
against freezing, corrosion, and physical damage.  Buried 
piping outside of  buildings shall be installed below the local 
level of frost penetrat ion.  Buried piping that will be subject 
to surface loads shall be buried at a sufficient depth  to pro- 
tect the piping from excessive stresses. The minimum back- 
filled cover above the top of  buried piping outside of  build- 
ings shall be 36 in. (91.4 cm), except that the minimum 
cover shall be permit ted to be reduced to 18 in. (45.7 cm) 
where physical damage to the piping is not likely to occur. 
Trenches shall be excavated so that the pipe has a firm, 
substantially cont inuous  bear ing  on the bot tom of the 
trench. Underg round  piping shall be installed in a contin- 
uous split enclosure to protect the pipe from damage while 
backfilling. Backfill shall be clean and compacted so as to 
protect  and uniformly suppor t  the piping. A continuous 
tape or marker  placed immediately above the enclosure 
shall clearly identify the pipeline by specific name. In addi- 
tion, a continuous warning means shall be provided above 
the pipeline at approximate ly  one-half  the depth of  bury. 
Where  u n d e r g r o u n d  piping is installed through a wall 
sleeve, the ends of the sleeve shall be sealed to prevent  the 
entrance of ground water. 

(k) Penetrations. Where piping penetrates fire barriers  
such as walls, partitions, or ceiling/floor assemblies having 
required fire resistance ratings, the penetrat ion shall be 
protected in accordance with the requirements  of  NFPA 
101, Life Safety Code, and the applicable building codes. 

(1) Conversion. Vacuum piping systems shall not be con- 
verted for use as a pressurized gas system. 

4-3.2.2.3 Vacuum System Valve Boxes.  Valve boxes shall 
be permanent ly  labeled in substance as follows: 

CAUTION - -  

MEDICAL-SURGICAL VACUUM VALVE 
DO NOT CLOSE EXCEPT IN EMERGENCY 

THIS  VALVE CONTROLS VACUUM TO . . . .  

4-3.2.2.4 Vacuum System Valves Not in Boxes.  All shut- 
off valves that are not in labeled boxes, such as in the main 
line, risers, or above suspended ceilings, shall be identified 
by means of durable  tags, nameplates,  or labels in sub- 
stance as follows: 

CAUTION --  
MEDICAL-SURGICAL VACUUM VALVE 

DO NOT CLOSE EXCEPT IN EMERGENCY 
THIS  VALVE CONTROLS VACUUM TO . . . .  
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4-3.2.2.5 Vacuum System Station Inlets. Each station inlet 
for vacuum shall be legibly labeled in substance as follows: 

SUCTION 

o r  

VACUUM 

or, if used, 

WASTE ANESTHETIC GAS DISPOSAL 

4-3.2.2.6 Vacuum System Shutoff Valves. 

(a) General. Shutoff valves shall be provided to isolate 
appropr ia te  sections or port ions of  the piping system for 
maintenance, repair,  or p lanned future expansion need, 
and to facilitate periodic testing. All valves, other  than 
those in valve boxes, shall be placed in a secure area acces- 
sible to authorized personnel only or  locked open. 

(b) Valve Types. Shutoff valves shall be metallic and of a 
type that will create no greater  flow restriction than the 
piping to which they are connected. 

(c) Source Shutoff Valve. A shutoff valve shall be installed 
immediately upstream (on the terminal or inlet side) of the 
receiver tank in the vicinity of the source equipment. 

(d) Main Line Valve. The main supply line shall be pro- 
vided with a shutoff valve where the main line first enters 
the building. A main line valve shall not be required if the 
source valve is accessible from within the building. 

(e) Riser Valves. Shutoff valves shall be provided at the 
base of  vertical risers servicing more than one floor. 

(f) 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 
disrupt ion of service. In single-story facilities, a shutoff 
valve shall be installed between the main line and the first 
terminal of each branch line. 

(g) Zone Valve. A shutoff valve shall be located immedi- 
ately outside of each vital life-support, critical care, or anes- 
thetizing location in each vacuum line, and located as to be 
readily accessible in an emergency or for maintenance of 
the terminals or piping within the individual zone served. 

(h) Valve Boxes. Shutoff valves accessible to other  than 
authorized personnel  shall be installed in valve boxes with 
frangible or removable windows large enough to permit  
manual operat ion of valves. 

Exception: Shutoff valves for use in certain areas, such as psy- 
chiat~#c or pediatric, shall be permitted to be secured to prevent 
inappropriate access. 

(i) New or replacement  valves shall be of a quar ter- turn  
shutoff type with an indicating handle (i.e., ball or butter- 
fly valve). 

4-3.2.2.7 Vacuum System 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 (e.g., oxygen, compressed air) and 
either a threaded connection or a quick coupler. 

I (b) Threaded Connections. Valves with threaded connec- 
tions shall conform to the Diameter-Index Safety System as 
described in the CGA Pamphlet  V-5. 

(c) Secondary Check Valves. Vacuum station inlets shall 
not incorporate a secondary check valve. 

(d) Physical Protection. Station inlets shall be located so as 
to avoid physical damage to the valve or attached equipment. 

(e) Physical Spacing. Careful  cons idera t ion  shall be 
given to provide  adequate  spacing between the station 
inlets and adjacent medical gas outlets. 

(t) 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. 

4-3.2.2.8 Master Alarm System for Vacuum Systems. 
(a) General. To ensure continuous responsible observa- 

tion, the master alarm signal panels shall be located in two 
separate warning locations, wired in parallel to a single 
sensor to indicate when the vacuum in the main line drops 
below the level required in 4-3.4.2.2(c)4.b. Audible and 
noncancellable visual signals shall be installed in the office 
or  principal working area of the individual responsible for 
the maintenance of the vacuum system and, to ensure con- 
t inuous surveillance, at the te lephone switchboard, the 
security office, or at another  suitable location. 

(b) Actuator Switch. The actuator (vacuum switch) for 
the master alarm shall be connected to the main line imme- 
diately upst ream (on the terminal  or  inlet side) of  the 
source valve (the main line valve, if so equipped).  

(c) Alarm Panels. The  master  a larm signal panel(s) 
required in 4-3.2.2.8(a) (each with visual and audible sig- 
nal) shall be actuated by the vacuum switch described in 
4-3.2.2.8(b). 

(d) Panel Labels. The master alarm signal panel(s) shall 
be appropr ia te ly  labeled. 

[ (e)* Combined Alarm Signals. The vacuum alarm signal 
shall serve only the medical-surgical vacuum system. (See 
4-3.1 and Chapter 3.) 

(f) Alann System Power. The master alarm signal system 
shall  be ene rg i zed  by the essent ia l  e lec t r ica l  system 
described in 4-3.2.1.5. (See also Chapter 3.) 

(g) Connection to Centralized Computers. The connection 
of  the master alarm system to a centralized computer  (e.g., 
a building management  system) shall be permit ted.  The  
computer  shall not constitute one of the two master alarm 
panels required.  

4-3.2.2.9 Area Alarm Systems for Vacuum Systems. 
(a)* General. Area alarms shall be provided for anes- 

thetizing locations and critical care areas. Warning signals 
shall be provided for all medical-surgical vacuum piping 
systems supplying these areas to indicate if the vacuum 
decreases from the normal operat ing range. 

(b) Visual and Audible Signals. The vacuum area alarm 
system shall incorporate both cancellable audible and non- 
cancellable 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 loca- 
tions in the areas described in 4-3.2.2.9(a) and be appro-  
priately labeled. 
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(d)* Actuating Switches. The actuating switch for anes- 
thetizing locations shall be in the specific line supplying the 
opera t ing  or  delivery room suites, with the individual  
room shutoff valve being the only one between the actuat- 
ing switch and the room inlets. 

The area alarm actuating switch for each vital life sup- 
por t  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 inlets. 

(e) Actuating Switch Settings. A c t u a t i n g  ( v a c u u m  
switches) for the area alarm signals shall be set to activate 
their respective warning signals (visual and audible) at and 
below 12 in. Hg of vacuum. 

(f) Electrical Power. The area alarm signal system shall 
be energized by the essential electrical system described in 
4-3.2.1.5. (See also Chapter 3.) 

4-3.2.2.10 Vacuum System Gauges. 

(a) Main-Line Gauge. A vacuum gauge shall be pro-  
vided in the main vacuum line adjacent to the actuator 
(vacuum switch) for the master alarm, with this gauge 
located immediately 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 controlling that area. Those with "normal  range" dis- 
play shall indicate normal only between 12 and 19 in. Hg 
(vacuum). 

(c)* Vacuum Gauge Identification. All p e r m a n e n t l y  
installed vacuum gauges and manometers  for the vacuum 
system shal l  be cont inuou;s  r e a d i n g ,  m a n u f a c t u r e d  
expressly for vacuum, and labeled: VACUUM. 

4-3.2.2.11 Installation of  Vacuum System Piping. 

(a) General. The provisions of this section shall apply to 
field-installed piping for vacuum systems. 

(b) Materials and Joints. Piping materials and jo in ing  
methods shall be in accordance with 4-3.2.2.2. 

(c) Open Ends. Care shall be taken to maintain the inte- 
rior of the piping system free of debris or other foreign 
matter. Pipe, tube, and fittings shall be inspected visually 
pr ior  to installation. During installation, open ends of  pip- 
ing shall be temporari ly sealed. 

(d) Flux. Where flux is used for soldered or  brazed 
joints, it shall be used sparingly to avoid excess flux inside 
of  the finished joint.  

(e) Cleaning. After soldering or brazing, the outside of  
all joints shall be cleaned by washing with water and a 
stainless steel brush to remove any residue and permit  
clear visual inspection of the joint.  I f  flux has been used, 
joints shall be washed with hot water. 

(f) Visual Inspection. Each soldered or brazed joint  shall 
be visually examined after cleaning of the outside of the joint. 
The following conditions shall be considered unacceptable: 

1. Flux or flux residue. 
2. Excessive oxidation of  the joint.  
3. Presence of unmelted solder or braze filler metal. 
4. Failure of the solder or braze filler metal to be 

clearly visible all the way around the joint  at the interface 
between the socket and the tube. 

5. Cracks in the tube or component .  
6. Cracks in the solder or  braze filler metal. 
7. Failure of  the jo int  to hold the test pressure under  

4-3.4.2.2(b)2. 

(g) Repairs. Soldered or brazed joints that are found to 
be defective under  4-3.2.2.1 l (f) l ,  3, 4, 6, or 7 shall be per- 
mitted to be repaired,  except that no jo int  shall be repai red  
more than twice. Joints that are found to be defective 
under  4-3.2.2.11(f)2 or 5 shall be replaced. 

(h) Piping Identification. Vacuum piping shall be readily 
identif ied by appropr i a t e  labeling, such as MEDICAL- 
SURGICAL VACUUM, or  MED/SURG VAC. Labeling 
shall be by means of s tamped metal tags, stenciling, or  
pr inted adhesive markers,  and shall not be readily remov- 
able. Labels shall be spaced at intervals of not more than 20 
ft (6.1 m), except that at least one label shall be visible in or 
above each room or  area. Flow arrows (if used) shall point  
from the station inlets toward the receiver or pump.  

4-3.3 Waste Anesthetic Gas Disposal (WAGD) Systems 
(Source and Distribution) - -  Level 1. 

4-3.3.1 Source D Level 1. 

4-3.3.1.1" Genera l .  WAGD systems shall be des igned 
and implemented after consultation with the medical staff 
having knowledge of  the requirements to determine  the 
type of system, number  and placement of  terminals, and 
other required safety and operat ing devices. 

4-3.3.1.2 Dedicated WAGD Vacuum Producers.  

(a) The WAGD source shall consist of multiple vacuum 
producers (vacuum pumps, blowers, fans, etc.) that alter- 
nately or simultaneously on demand serve the WAGD system. 

(b) WAGD Source. Produce r s  used  exclus ively  for  
WAGD use shall be designed of  materials, and shall use 
lubricants where needed,  that are inert  in the presence of  
oxygen, nitrous oxide, and halogenated anesthetics. 

(c) WAGD plants shall comply with 4-3.2.1.1 through 
4-3.2.1.5. 

(d) The  WAGD vacuum producer  shall be located to 
comply with 4-3.2.1.8. 

(e) The  exhaust for the WAGD system shall comply with 
4-3.2.1.9. 

4-3.3 .1 .3  Medica l -Surgica l  Vacuum Source  used  for 
WAGD. 

(a) A medical-surgical vacuum source complying with 
this s tandard shall be permit ted to be used for WAGD. 

(b)* Explosion Hazard. Flammable anesthetic or other  
flammable vapors shall be diluted below the lower flamma- 
ble limit pr ior  to disposal into the medical-surgical vacuum 
system. 

4-3.3.1.4 Venturi.Driven WAGD. 

(a) Where  a venturi  within the station inlet is used to 
produce  WAGD vacuum, the venturi  shall not be user 
adjustable (i.e., shall require the use of special tools). 

(b) Venturi  WAGD shall be produced  using air or an 
inert drive gas. 

(c) Drive air for venturi  WAGD shall not come from the 
medical air system. 
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4-3.3.2 Distribution --  Level 1. 

4-3.3.2.1 WAGD Distribution Network. 

(a) Inlets. WAGD networks shall provide a WAGD inlet 
at each anesthetizing location. 

(b) Distribution Network. WAGD distribution networks 
shall be constructed of  corrosion resistant materials appro-  
priate for use with oxygen, nitrous oxide, and halogenated 
anesthetics in the concentrations encountered in the anes- 
thetic breathing circuit. 

(c) Distribution Network Support. WAGD dis t r ibut ion  
networks shall be suppor ted  directly from the building 
structure by pipe hooks, straps, bands, or hangers suitable 
for the size and weight of  the network material. Supports  
shall be placed to ensure that suppor t  is provided at the 
joints, and placed at intervals which ensure adequate sup- 
por t  for the size and weight of  the network material. 

(d) Devices. The distribution network shall be provided 
with balancing valves, dampers ,  or other  devices necessary 
to balance the flows and pressures through the network to 
those required by the WAGD interfaces in use with the 
facility's gas anesthetic machines. 

4-3,3.2.2 WAGD Valves and Dampers.  

(a) Valves. Where valves are provided,  they shall be 
labeled by means of durable  tags, nameplates, or labels: 

CAUTION 
WASTE ANESTHETIC GAS DISPOSAL VALVE 

DO NOT CLOSE EXCEPT FOR SERVICE 
THIS  VALVE CONTROLS WAGD TO . . . 

(b) Dampers. (Reserved) 

4-3.3.2.3 WAGD Inlets. 

(a) Each station inlet for WAGD shall be of a type appro-  
pr ia te  for the flow and vacuum level requi red  by the 
WAGD interfaces in use with the facility's gas anesthetic 
machines. They shall be located to avoid physical damage 
to the inlet. If the inlet can be disassembled for service, 
each component  shall be legibly marked "WAGD" or simi- 
lar. WAGD inlets shall be not interchangeable with other  
systems, including medical-surgical vacuum. 

4-3.3.2.4 WAGD Alarms. 

(a) Alarms or other  automatic mechanisms shall be 
provided to inform the user that the WAGD system is oper-  
ational. 

4-3.3.2.5 WAGD System Distribution Network Installation. 

(a) Assembly. The WAGD network shall be assembled 
using such materials and methods as will assure the net- 
work is fi'ee of leaks under  operat ing vacuum levels. 

(b) Labeling. The WAGD network shall be identified by 
appropr ia te  labeling such as WASTE ANESTHETIC GAS 
DISPOSAL. Such labeling shall be by means of  metal tags, 
stenciling, stamping, or adhesive markers in a manner  that 
is not readily removable. Labeling shall appeal" on the net- 
work at intervals of not less than 20 ft (6.1 m) and at least 
once in or above each room and each story traversed by 
the piping. Arrows (where used) shall point fi'om the ter- 
minal to the vacuum producer .  

4-3.4 Performance Criteria and Test ing --  Level 1 (Gas, 
Vacuum, WAGD). 

4-3.4.1 Piped Gas Systems --  Level 1. 

4-3.4.1.1 General .  Inspection and testing shall be per- 
formed on all new piped gas systems, additions, renova- 
tions, or repaired systems, to assure the facility, by certifi- 
cation, that all applicable provisions of this document  have 
been adhered  to and system integrity has been achieved or 
maintained. 

This inspection and testing shall include all components  
of the system or portions thereof  including, but  not limited 
to, gas bulk source(s), manifolds, compressed air source 
systems (e.g., compressors,  dryers, filters, regulators), vac- 
uum source systems, source alarms and monitoring safe- 
guards,  master  alarms, pipelines,  isolation valves, area  
alarms, zone valves, and station inlets (vacuum) and outlets 
(pressure gases). 

All systems that are breached and components  that are 
subject to additions, renovations, or replacement  (e.g., new 
gas sources-bulk, manifolds, compressors, vacuum pumps,  
dryers, alarms) shall be inspected and appropr ia te ly  tested. 

Systems shall be deemed breached at the point of  pipe- 
line intrusion by physical separation or by system compo- 
nent removal,  replacement ,  or addition. The  breached 
portions of the systems subject to inspection and testing 
shall be all the new and existing components  in the imme- 
diate zone or area that is located upstream for vacuum sys- 
tems and downstream for pressure gases at the point or 
area of intrusion. 

The inspection and testing reports shall be certified and 
submitted directly to the party that contracted fbr the test- 
ing. That  party shall then submit the repor t  through chan- 
nels to the responsible authority and any others that are 
required.  These reports  shall contain detailed listings of all 
findings and results, and any corrective actions that were 
per tbrmed.  

The  responsible  facility author i ty  shall review these 
inspection and testing records pr ior  to the use of  all sys- 
tems. This responsible facility authority shall ensure that all 
findings and results of the inspection and testing have been 
successfully completed,  and all documentat ion pertaining 
thereto shall be maintained on-site within the facility. 

Before piping systems are initially 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 propel" connecting fittings are 
checked against their labels. This can be accomplished by 
accepting the results of 4-3.4.1.3, System Verification. 

(a) Manufactured assemblies shall, pr ior  to arrival at the 
installation site, be pretested to comply with 4-3.4.1.2(a) 
through 4-3.4.1.2(e), except that 4-3.4.1.2(c) shall be per- 
mitted to be performed by any leak testing method that 
will assure a pressure decay of less than 1 percent in 24 
hours.  The  manufac turer  shall provide  documenta t ion  
attesting to the performance and successful completion of 
these tests. 

4-3.4.1.2 Installer Performance Testing. The  following 
tests shall be conducted by the installer or representative 
prior  to those tests listed in 4-3.4.1.3, System Verification. 
Test gas shall be oil-free, dr), nitrogen. 

Where manufactured assemblies are to be installed, tests 
required under  this section shall be performed at all sta- 
tion outlets (inlets) after completion of the pipeline and 
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after installation of any manufactured assemblies employ- 
ing copper  tubing but pr ior  to installation of any manufac- 
tured assemblies employing flexible hoses or tubing. 

(a) Blow Down. After installation of  the piping,  but  
before installation of the station outlets and other  medical 
gas system components  (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 nitrogen (see Section 2-2, Definitions). 

(b)* Initial Pressure Test. Before at tachment 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 test pressure of 1.5 times the working 
pressure [minimum 150 psig (1 MPa gauge)] with oil-free, 
dry nitrogen (see Section 2-2, Definitions). This test pressure 
shall be maintained until each jo int  has been examined for 
leakage by means of soapy water or  o ther  equally effective 
means of leak detection safe for use with oxygen. The  
source shutoff valve shall be closed. Leaks, if any, shall be 
located, repai red ,  and retested in accordance with this 
paragraph.  

(c)* Standing Pressure Test. After testing of  each individ- 
ual medical gas system in accordance with 4-3.4.1.2(b), the 
completely assembled station outlets and all o ther  medical 
gas system components  (e.g., pressure-actuat ing switches 
for alarms, manifolds, pressure gauges, or pressure relief 
valves) shall be installed, and all p iping systems shall be 
subjected to a 24-hour standing pressure test at 20 percent  
above the normal  operat ing line pressure.  The test gas 
shall be oil-free, dry nitrogen (see definitions). The source 
shutoff valve shall be closed. 

1. After the piping system is filled with test gas, the 
supply 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 al lowable p ressu re  changes  d u r i n g  the 
24-hour test period shall be those caused by variations in 
the ambient  tempera ture  a round  the piping system. Such 
changes shall be permit ted to be checked by means of the 
following p res su re - t empera tu re  relat ionship:  the calcu- 
lated final absolute pressure (absolute pressure is gauge 
pressure plus 14.7 psig if gauge is calibrated in psig) equals 
the initial absolute pressure times the final absolute tem- 
pera tu re  (absolute t empera tu re  is t empera tu re  reading  
plus 460°F if t he rmomete r  is cal ibrated in Fahrenhe i t  
degrees), divided by the initial absolute temperature .  

P, × T/,) 

2. Leaks,  if any, shall be located,  r epa i r ed ,  and  
retested in accordance with 4-3.4.1.2(c). 

(d) Piping Purge Test. In o rder  to remove particulate 
matter  in the pipelines, a heavy, intermit tent  purging of 
the pipeline shall be done. The appropr ia te  adapte r  shall 
be obtained, and a high-flow purge shall be put  on each 
outlet. The  outlet shall be allowed to flow fully until the 
purge produces no discoloration in a white cloth. 

(e) Cross-Connection Test. 
1. Prior to closing of walls, it shall be determined that 

• no cross-connection of piping systems exists. All medical gas 
systems shall be reduced to atmospheric pressure. All sources 
of test gas shall be disconnected from all of the medical gas 
systems with the exception of the one system to be checked. 
This system shall be pressurized with oil-free nitrogen (see 
definitions) to 50 psig (350 kPa gauge). With appropr ia te  
adapters matching outlet labels, each individual station outlet 
of all medical gas systems installed shall be checked to deter- 
mine that test gas is being dispensed only from the outlets of 
the medical gas system being tested. 

a. The  source of test gas shall be disconnected and 
the system tested shall be reduced to atmospheric pressure. 
Each addit ional piping system shall then be tested in accor- 
dance with 4-3.4.1.2(e)l. 

b. W h e r e  a medica l  vacuum p i p i n g  system is 
installed, the cross-connection testing shall include that 
p iped vacuum system with all medical gas piping systems. 

c. All medical-surgical vacuum systems shall be in 
operat ion so that these vacuum systems are tested at the 
same time the medical gas systems are tested. 

d. Each station outlet shall be identified by label 
(and color marking,  if used). 

2. The presence and correctness of labeling required 
by this s tandard for all components  (e.g., station outlets, 
shutoff valves, and signal panels) shall be verified. 

4-3.4.1.3 System Verification. The  following tests shall 
be per formed after those listed in 4-3.4.1.2, Installer 
Performance Testing. The  test gas shall be oil-free, dry 
nitrogen. 

This testing shall be conducted by a party technically 
competent  and exper ienced in the field of medical gas 
pipeline testing. Such testing shall be performed by a par ty 
other  than the installing contractor. 

All tests required under  4-3.4.1.3 shall be per formed 
after installation of any manufactured assemblies employ- 
ing flexible hoses or tubing. Where there are multiple pos- 
sible connection points for terminals, each possible position 
shall be tested independently.  

(a) Cross-Connection Test. After closing of walls and com- 
pletion of  requirements  of 4-3.4.1.2, it shall be de te rmined  
that no cross-connection of piping systems exists by either 
of the following methods: 

1. All medical gas systems shall be reduced to atmo- 
spheric pressure.  All sources of test gas from all of  the 
medical gas systems, with the exception of the one system 
to be checked, shall be disconnected. This system shall be 
pressurized with oil-free, dry nitrogen (see definitions) to 50 
psig (350 kPa gauge). With appropr ia te  adapters  matching 
outlet labels, each individual station outlet of  all medical 
gas systems installed shall be checked to determine  that test 
gas is being dispensed only from the outlets of  the medical 
gas system being tested. 

a. The source of test gas shall be disconnected and 
the system tested reduced to atmospheric  pressure.  Pro- 
ceed to test each additional piping system in accordance 
with 4-3.4.1.3(a) 1. 

b. W h e r e  a medica l  vacuum p i p i n g  system is 
installed, the cross-connection testing shall include that 
piped vacuum system with all medical gas piping systems. 

2. An alternate method of testing to ensure that no 
cross-connections to other  piping systems exists follows: 
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a. Reduce the pressure in all medical gas systems to 
atmospheric. 

b. Increase the test gas pressure in all medical gas 
p i p i n g  sy s t ems  to t he  v a l u e s  i n d i c a t e d  in T a b l e  
4-3.4.1.3(a)2. Simultaneously maintain these nominal pres- 
sures throughout  the test. 

c. Any medical-surgical vacuum systems shall be in 
operat ion so that these vacuum systems are tested at the 
same time the medical gas systems are tested. 

Table 4-3.4.1.3(a)2 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 

NOTE: Systems at nonstandard pressures shall be tested at a pressure at 
least 10 psi (69 kPa) greater or less than any other system. 

d. Following the adjustment  of  pressures in accor- 
dance with 4-3.4.1.3(a)2b and c, each station outlet for 
each medical gas system shall be tested using the gas- 
specific connection for each system with a pressure (vac- 
uum) gauge attached. Each pressure gauge used in per-  
forming this test shall be calibrated with the line pressure 
regulator  gauge used to provide the source pressure. 

e. 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 4-3.4.1.3(a)2b for the 
system being tested. 

(b) Valve Test. Valves installed in each medical gas pip- 
ing system shall be tested to verify proper  operat ion 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 p roper  
labeling of the valves. 

(c) Outlet Flow Test. All outlets shall be tested for flow. 
1. General. These flow tests shall be performed at 

the station outlet (inlet) or terminal where the user makes 
connections and disconnections. Tests shall be performed 
with the use of oil-free, dry nitrogen or with the gas of  sys- 
tem designation. 

2. Oxygen, nitrous oxide, and air outlets shall deliver 
3.5 SCFM with a pressure drop  of no more than 5 psig 
(35 kPa), and static pressure of  50 psig (349 kPa). 

3. Ni t rogen outlets shall deliver 5.0 SCFM with a 
pressure drop  of no more than 5 psig and static pressure 
of  160 psig (1118 kPa). 

(d) Alarm Testing. 
1. General. All warning systems for each medical gas 

piping system shall be tested to ensure that all components  
function proper ly  pr ior  to placing the piping system in 
service. Permanent  records of  these tests shall be main- 
tained. (See Appendix C-4.1.) 

Warning systems that are part  of  an addit ion to an exist- 
ing piping system shall be tested pr ior  to the connection of 
the new piping to the existing system. 

2. Warning Systems. Tests of  warning systems for new 
installations (initial tests) shall be pe r fo rmed  after the 
cross-connection testing [4-3.4.1.3(a)], but  before the purg- 

ing and verifying [4-3.4.1.3(e)]. Initial tests of warning sys: 
terns that may be included in an addit ion or extension to 

l an existing piping system shall be completed before connec- 
tion of the addit ion to the existing system. Test gases for 
the initial tests shall be oil-free, dry nitrogen or gas of  
system designation. 

3. Master Alarm Systems. 
a. The  master alarm system tests shall be performed 

for each of the nonflammable medical gas piping systems. 
Permanent  records of these tests shall be maintained with 
those required under  4-3.5.3. 

b. The  audible and noncancellable visual signals of 
4-3.1.2.1 (b)3e shall indicate if the pressure in the main line 
increases or decreases 20 percent  from the normal  operat-  
ing pressure. 

4. Area Alarm Systems. The  warning signals for all 
medical gas piping systems supplying anesthetizing locations 
and other  vital l ife-support and critical care areas, such as 
post-anesthesia 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 4-3.1.2.1(c)1.] 

(e) Piping Purge Test. In order  to remove any traces of  
particulate matter  deposited in the pipelines as a result of  
construction, a heavy, intermittent purging of the pipeline 
shall be done. The  appropr ia te  adapter  shall be obtained 
from the facility or manufacturer,  and high purge rates of  at 
least 225 L per  min (8 cfm) shall be put  on each outlet. After 
the purge is started, it shall be rapidly in ter rupted  several 
times until the purge produces no discoloration in a white 
cloth loosely held over the adapter  dur ing  the purge.  In  
o rder  to avoid possible damage to the outlet and its compo- 
nents, this test shall not be conducted using any implement  
other  than the p roper  adapter .  

For each positive-pressure gas system, cleanliness of  pip- 
ing system shall be verified. A minimum of  35 cu ft (1000 L) of 
gas shall be filtered through a clean, white 0.45-micron filter at 
a minimum flow of  3.5 SCFM (100 Lpm). Filter shall accrue no 
more than 0.1 mg of matter. Twenty-five percent of the zones 
shall be tested at the oudet most remote from the source. The 
test shall be performed with the use of oil-free, dry nitrogen. 

(f) Piping Purity Test. For each positive-pressure system, 
the puri ty of  the piping system shall be verified. The  test 
shall be for dew point, total hydrocarbons (as methane),  and 
halogenated hydrocarbons, and compared  with the source 
gas. This test shall be performed at the outlet most remote 
from the source. The  two tests shall in no case exceed varia- 
tion as specified in the Maximum Allowable Variation Table, 
which follows. The  test shall be per formed with the use of  
oil-free, dry nitrogen gas. 

Maximum Allowable Variation Table 

9°F @ 50 psig 
Dew Point (5°C @ 345 kPa gauge) 
Total Hydrocarbons as Methane 1 ppm 
Halogenated Hydrocarbons 2 ppm 

(g)* Final Tie-in Test. Prior to the connection of  any 
work or  any extension or addit ion to an existing piping sys- 
tem, the tests in 4-3.4.1.3(a) through 4-3.4.1.3(t) shall be suc- 
cessfully performed.  After connection to the existing system 
and before use of  the addit ion for patient care, the tests 
in 4-3.4.1.3(h) through 4-3.4.1.3(j) shall be completed. 
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Permanent  records  of  these tests shall be mainta ined  in 
accordance with 4-3.5.3. 

The  final connection between the addit ion and existing 
system shall be leak-tested with the gas of system designation 
at the normal  operat ing pressure.  This pressure shall be 
maintained until each jo int  has been examined for leakage 
by means of  soapy water or other  equally effective means of  
leak detection safe for use with oxygen. 

(h) Operational Pressure Test. 
I 1. General. These flow tests shall be per formed at the 

station outlet (inlet) or terminal where  the user makes con- 
nections and disconnections. 

2. Piping systems, with the exception of nitrogen 
systems, shall mainta in  pressure  at 50 +5 / -0  psig (345 
+35/-0 kPa gauge) at all station outlets at the maximum flow 
rate in 4-3.4.1.3(h)5. 

3. A nitrogen system shall be capable of  delivering at 
least 160 psig (1103 kPa gauge) to all outlets at flow in 
4-3.4.1.3(h)6. 

4. Piping systems that vary from the normal  pressures 
in 4-3.4.1.3(h)2 and 3 shall be capable of delivering flows 
and pressures consistent with their in tended use. 

5. Oxygen, nitrous oxide, and air outlets shall deliver 
3.5 SCFM with a pressure drop  of no more than 5 psig 
(35 kPa) and static pressure of 50 psig (345 kPa). 

6. Nitrogen outlets shall deliver 5.0 SCFM with a pres- 
sure d rop  of  no more than 5 psig (35 kPa) and static pres- 
sure of 160 psig (1103 kPa~. 

(i) Medical Gases Concentration Test. After purging each sys- 
tem with the gas of  system designation, the following shall be 
performed:  

1. Each pressure gas source and outlet shall be ana- 
lyzed for concentration of  gas, by volume. 

2. Analysis shall be with instruments designed to mea- 
sure the specific gas dispensed. 

3. Allowable concentrations shall be within the following: 

Oxygen 99 plus percent oxygen 
Nitrous Oxide 99 plus percent nitrous oxide 
Nitrogen Less than 1 percent oxygen or 99 plus 

percent nitrogen 
Medical Air 19.5 percent to 23.5 percent oxygen 
Other Gases Concentration as specified by their 

labeling - 1 percent, unless otherwise 
specified 

(j) Medical Air Purity Test (Compressor System). The medi- 
cal air source shall be analyzed for concentration of  contam- 
inants by volume. Sample(s) shall be taken for the air system 
test at a sample point  as specified in 4-3.1.1.9(h). The  test 
results shall not exceed the following parameters:  

Dew Point 
Carbon Monoxide 
Carbon Dioxide - -  Air 
Gaseous Hydrocarbons - -  Air 
Halogenated Hydrocarbons - -  Air 

39°F @ 50 psig 
(4°C @ 345 kPa gauge) 
10 ppm 
500 ppm 
25 ppm (as methane) 
2 ppm 

(k) Labeling. The  presence and correctness of  labeling 
required by this s tandard for all components  (e.g., station 
outlets, shutoff valves, and signal panels) shall be verified. 

4-3.4.1.4 Source Equipment Verification. Source equip- 
ment  verification shall be performed following the installa- 
tion of  the interconnecting pipelines, accessories, and source 

equipment. The pressure test shall be performed downstream 
of the compressor isolation valve and upstream of  pipeline reg- 
ulators at the highest system operating pressure for two hours, 
with no more than a 10 percent pressure drop. 

(a) Gas Supply Sources. 
1. The  system appara tus  shall be tested for p r o p e r  

function, including the changeover from one cylinder bank 
to the other  and the actuation of  the changeover  signal, 
before the system is put  into service. 

2. The  system appara tus  shall be tested for p r o p e r  
function, including the changeover from pr imary to second- 
ary supply (with its changeover signal) and the operat ion of  
the reserve (with its reserve in use signal), before the system 
is put  into service. 

3. I f  the system has an actuating switch and signal to 
monitor  the contents of the reserve, its function shall be 
tested before the system is put  into service. I f a  system uses a 
liquid source for the reserve, the "Reserve Pressure Low" 
shall be tested. 

4. I f  the system has an actuating switch and signal to 
monitor  the pressure of  the reserve unit, its function shall be 
tested before the system is put  into service. 

5. The  bulk supply signal and the master signal panel 
installations shall be ar ranged with the owner or the organi- 
zation responsible for the operat ion and maintenance of the 
supply system for the testing of  the bulk supply signals to 
ensure p roper  identification and activation of  the master sig- 
nal panels to be sure the facility can monitor  the status of  
that supply system. These tests shall also be conducted when 
changing storage units. 

6. For master alarm systems, the manufacturer 's  oper-  
ating instructions shall be followed, or the assistance of  the 
owner or the organization responsible for the operat ion and 
maintenance of  the bulk supply system shall be requested 
for the following tests. 

a. Pressurize the piping system and connect the elec- 
tric power to the signal panels. 

b. Check the main-fine pressure gauge [see 
4-3.1.2.1(e)1] to ascertain that it indicates the desired pressure 
[see 4-3.4.1.3(h)] and is properly labeled. Check the alarm sig- 
nal panels to ensure that they indicate normal operation and 
that none of the warning signals are activated. 

c. Check required a larmed functions of  the supply 
and reserve to ascertain that the p roper  signal is indicated 
and proper ly  labeled. 

(b) Medical Air Compressor. 
1. The  p roper  functioning of the medical air system 

shall be tested before it is put  into service. This shall include 
the puri ty test for air quality, and the test o f  the alarm sen- 
sors after cal ibrat ion and setup pe r  the manufac tu re r ' s  
i n s t ruc t ions  and  a u t o m a t i c  swi tchover  as o u t l i n e d  in 
4-3.1.1.9(h). 

2. The  following tests shall be conducted at the sample 
point of  the medical air system. 

a. The  operat ion of  the system control sensors, such 
as dew point, air temperature ,  and all other  air-quality mon- 
i toring sensors and controls, shall be checked for p rope r  
operat ion and function before the system is put  into service. 

b. The  quality of  medical air  as del ivered by the 
compressor air supply shall be verified after installation of  
new components  pr ior  to use by patients. The  test shall be 
performed after installation, a minimum 24 hours after con- 
tinuous running  of the machinery, at a sample por t  down 
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Table 4-3.4.1.4 Required  Master Alarm Signals  (Level 1) 6 

Cryogenic Bulk Cryogenic Bulk Air via. Air via. 
Alarm Signals Manifold Manifold w/Cryogenic w/Cylinder 4-3.1.1.9 4-3.1.1.9 Air via Vacuum 
from Source w/o Reserve w/Reserve Reserve Reserve Para (a) 4 Para. (b) 5 Liquid Ring Pump 

Changeover 

Liquid Level Low 

Reserve in Use 

Reserve Low 

Reserve Pressure Low 

Dew Point High 

Carbon Monoxide 
High 

Reserve Compressor/ 
Vacuum-Pump 
Running 

Separator Flooded 

Receiver Flooded 

High Temperature 

Alarm Signals 
f r o m  Pipeline 

High Line Pressure 

Low Line Pressure 

"Low Vacuum 

4-3.1.1.5(a) 4-3.1.1.6(a)2 4-3.1.1.7(a)1 4-3.1.1.7(a)2 

- -  - -  4-3.1.1.7(a) 4-3.1.1.7(a) 

- -  4-3 .1 .1 .6(a)3  4-3 .1 .1 .7(a)  4-3.1.1.7(a) 

- -  - -  4-3.1.1.7(b)2 or 3 - -  

- -  4 -3 .1 .1 .6 (b )  4-3.1.1.7(b)3 4-3.1.1.7(b)2 ~ 

m 

m 

m 

D 

w 

_ _  m m 

D m m 

_ _  m m 

D m D 

m _ _  _ _  

4-3.1.1.9(h) 4-3.1.1.9(h) 4-3.1.1.9(h) 

4-3.1.1.9(h) s 4-3.1.1.9(h) 3 4-3.1.1.9(h) 3 

4-3.1.1.9(d) 3 4-3.1.1.9(d) 3 4-3.1.1.9(d) s 

- -  - -  4-3.1.1.9(e) 3 

4-3.1.1.9(e) ~'3 4-3. l.l.9(e) ~'3 4-3.1.1.9(e) 3 

4-3.1.1.9(e) ~ 4-3.1.1.9(e) ~ 

m 

4-3.2.1.23 

4-3.1.2.1(b)3e 4-3.1.2.1(b)3e 4-3.1.2.1(b)3e 4-3.1.2.1(b)3e 4-3.1.2.1(b)3e 4-3.1.2.1(b)3e 4-3.1.2.1(b)3e - -  

4-3.1.2.1(b)3e 4-3.1.2.1(b)3e 4-3.1.2.1(b)3e 4-3.1.2.1(b)3e 4-3.1.2.1(b)3e 4-3.1.2.1(b)3e 4-3.1.2.1(b)3e - -  

. . . . . . .  4-3.2.2.8(a) 

*This signal is required only where cylinder reserves have no check valves for each cylinder lead. 
~This signal is required where the air compressor is water cooled or uses water cooled aftercoolers. 
SReported to Local Alarm with a single signal to Master Alarm. 
4"Eliminadon of oil anywhere in the compressor." 
5"Separation of the oil-containing section from the compression chamber by an area open to atmosphere, which allows continuous visual inspection of the 
interconnecting shaft." 
6See text for complete requirements. 

s t r e a m  of  the  p r e s su re  r e g u l a t o r  a n d  u p s t r e a m  of  the  p i p i n g  
system as de f i ned  in F igure  4-3.1.1.9. A d e m a n d  of  a p p r o x -  
imate ly  25 p e r c e n t  o f  the  r a t ed  c o m p r e s s o r  capaci ty shall  be  
c rea ted  to cause  the  com pr e s s o r s  to cycle o n  a n d  off  con t in -  
uously  a n d  the  d rye r s  to o p e r a t e  for  the  2 4 - h o u r  per iod .  

4 - 3 . 4 . 2  P i p e d  V a c u u m  S y s t e m s  - -  L e v e l  1. 

4 - 3 . 4 . 2 . 1  P e r f o r m a n c e .  

] (a)* Minimum Vacuum and Operating Range. T h e  v a c u u m  
p u m p s  a n d  col lect ion p i p i n g  shall  be  capable  o f  m a i n t a i n i n g  
a v a c u u m  of  12 in. o f  m e r c u r y  (Hg) at  the  s ta t ion  in le t  far- 
thes t  away f rom the  cen t ra l  v a c u u m  source  w h e n  the  calcu- 
la ted d e m a n d  for  the  hospi ta l  is d r a w n  in the  system. (See 
Appendix C-4.3 for examples.) 

] (b)* Overall System Pressure-Drop Criteria. T u b e  sizes shall  
be  in  confo rmi ty  with good  e n g i n e e r i n g  pract ice  for  de l ivery  
o f  m a x i m u m  des ign  volumes .  

(c)* Minimum Flow and Pressure Requirements at Vacuum 
Station Inlets. Pip ing  shall  be  sized such  tha t  3 SCFM can  be  
evacua t ed  t h r o u g h  any  one  s ta t ion  in le t  w i t hou t  r e d u c i n g  
v a c u u m  p r e s s u r e  below 12 in. H g  at  a n  a d j a c e n t  s t a t ion  
inlet .  

4 - 3 . 4 . 2 . 2  T e s t i n g .  

(a) General. In spec t ion  a n d  tes t ing  o f  medica l  v a c u u m  
systems shall  be  in acco rdance  with 4-3.4.1.1. 

(b) Installer Performance Testing. T h e  fo l lowing  tests  
shall  be  c o n d u c t e d  by the  ins ta l ler  or  h i s /he r  r e p r e s e n t a t i v e  
p r i o r  to those  tests l isted in 4-3.4.2.2(c), System Verifica- 
t ion.  T h e  test  gas shall  be  oil-free, d ry  n i t rogen .  

1. Blow Down. After  ins ta l la t ion o f  the  p i p i n g  net-  
work,  bu t  be fore  ins ta l la t ion of  v a c u u m  inlets a n d  o t h e r  
v a c u u m  system c o m p o n e n t s ,  all l ines shall  be  b lown clear  
us ing  oil-free, d ry  n i t rogen .  

2. Initial Pressure Test. Before  the  v a c u u m  source ,  
v a c u u m  inlets,  a l a r m  switches, a n d  gauges  a re  c o n n e c t e d  to 
the  v a c u u m  n e t w o r k p i p i n g ,  the  v a c u u m  ne twork  p i p i n g  
shall  be  subjec ted  to a test  p r e s su re  o f  no t  less t h a n  150 
psig (1034 kPa gauge)  by m e a n s  of  oil-free, d ry  n i t rogen .  
Th i s  test  p r e s su re  shall  be  m a i n t a i n e d  un t i l  each  j o i n t  has  
b e e n  e x a m i n e d  for  leakage  by use  o f  soapy wa te r  or  o t h e r  
sui table  means .  All leaks shall  be  r e p a i r e d  a n d  the  sect ion 
re tes ted .  

3* Standing Pressure Test. After  the  v a c u u m  inlets are  
c o n n e c t e d  to the  v a c u u m  n e t w o r k  p ip ing ,  bu t  be fore  the  
v a c u u m  sodrce ,  a l a r m  switches, a n d  gauges  a re  connec t ed ,  
the  v a c u u m  n e t w o r k  p i p i n g  shall  be  sub jec ted  to a test  
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pressure of not less than 60 psig (413 kPa gauge) by means 
of oil-free, dry nitrogen. After allowance for tempera ture  
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 nec- 
essary, the system shall be connected to the vacuum pumps,  
receiver(s) [tanks(s)], a larm actuators (vacuum switches), 
and gauges. 

4. Cross-Connection Test (Initial). Prior to walls being 
closed, it shall be determined that no cross-connections exist 
between the vacuum system and any medical gas system. 
Vacuum systems shall be tested at the same time as medical 
gas systems, as described in 4-3.4.1.2(e). 

(c) System Verification. The following tests shall be per-  
formed after those listed in 4-3.4.2.2(b), Installer Perfor- 
mance Testing. The  test gas shall be oil-free, dry nitrogen. 

This testing shall be conducted by a party technically com- 
petent  and experienced in the field of  medical vacuum pipe- 
line testing, and independent  of the installer. 

1. Cross-Connection Test (Final). After walls have been 
closed and the requirements of 4-3.4.2.2(b) have been com- 
pleted, it shall be determined that no cross-connections exist 
between the vacuum system and any medical gas system, 
using one of  the methods described in 4-3.4.1.3(a). 

2.* Vacuum Test. After the vacuum piping has been 
connected to the vacuum pumps,  receiver(s) [tank(s)], vac- 
uum gauges, and vacuum alarm switches, a vacuum test 
shall be performed on the entire system. 

3. Valve Test. Valves installed in vacuum systems shall 
be tested to verify proper  operation and rooms or areas of con- 
trol. Records shall be made listing the rooms or areas con- 
trolled by each valve. The information shall be utilized to assist 
and verify the proper  labeling 6f the valves. 

4. Alarm Test. 
a. General. Alarms for vacuum systems shall be 

tested to ensure that all components  function proper ly  pr ior  
to the piping system being placed into service. Permanent  
records of  these tests shall be maintained. Alarms that are 
part  of  an addit ion to an existing vacuum system shall be 
tested pr ior  to connection of  the new piping to the existing 
system. 

b. Alarm Criteria. Unless otherwise indicated, vac- 
uum system alarms shall indicate if the vacuum in the piping 
system drops to 12 in. Hg and below. 

4-3.4.3 Waste Anesthetic Gas Disposal  System m Level 1. 

4-3.4.3.1 WAGD distr ibution networks shall be sized to 
deliver vacuum at a pressure and flow appropr ia te  to the 
WAGD interfaces in use with the facility's gas anesthetic 
machines. 

4-3.4.3.2 Include WAGD systems in all cross-connection 
testing per  4-3.4.2.2(b)4. 

4-3.4.3.3 Vacuum and flow at each terminal inlet shall be 
as required by the WAGD interfaces in use with the facility's 
gas anesthetic machines. The  network shall be sized, and the 
vacuum producer  selected, to provide this level of vacuum 
and flow simultaneously at all terminal inlets when all inlets 
are in use. 

4-3.4.3.4 Where  required,  the network shall be adjusted or 
balanced pr ior  to the commencing of testing or as part  of  the 
testing process. 

4-3.4.3.5 Test ing shall be pe r fo rmed  as appropr i a t e  to 
ensure that each inlet is capable of providing vacuum and 
flow. At a minimum, the following tests shall be performed:  

(a) Start the vacuum producer  and assure it is operat ing 
correctly. 

(b) Open one inlet per  room, and test with the adjacent 
inlet open, taking into consideration that the adjacent inlet 
might be in another  room. 

4-3.4.3.6 Venturi  drive systems shall follow the require- 
ments of 4-3.4.1 except 4-3.4.1.3(t) and 4-3.4.1.3(i) and (j). 

4-3.5 Administration - -  Level 1. 

4-3.5.1 Responsibi l i ty  of  Governing Body. (Reserved) 

4-3.5.2 Gas System Policies m Level 1. 

4-3.5.2.1 Gases in Cylinders and Liquefied Gases in Con- 
tainers - -  Level 1. 

(a)* Handling of Gases. Administrative authorities shall 
provide regulations to ensure that s tandards for safe prac- 
tice in the specifications for cylinders; marking of  cylinders, 
regulators, and valves; and cylinder connections have been 
met by vendors of  cylinders containing compressed gases 
supplied to the facility. 

(b) Special Precautions - -  Oxygen Cylinders and 
Manifolds. Great care shall be exercised in handl ing 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 CGA Pamphlet  G-4, Oxygen, shall be observed: 

1. Oil, grease,  or  readi ly  f lammable materials  shall 
never be permit ted to come in contact with oxygen cylin- 
ders, valves, regulators, gauges, or fittings. 

2. Regulators, fittings, or gauges shall never be lubri- 
cated with oil or any other  flammable substance. 

3. Oxygen cylinders or apparatus shall never be han- 
dled with oily or  greasy hands, gloves, or  rags. 

4. 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. 

5. The  h igh-pressure  valve on the oxygen cyl inder  
shall be opened before bringing the apparatus  to the patient 
or the patient to the apparatus.  

6. The  cylinder valve shall be opened slowly, with the 
face of the gauge on the regulator  pointed away from all 
persons. 

7. An oxygen cylinder shall never be d raped  with any 
materials such as hospital gowns, masks, or caps. 

8. Oxygen fittings, valves, regulators, or gauges shall 
never be used for any service other  than that of  oxygen. 

9. Gases of  any type shall never be mixed in an oxygen 
cylinder or any other  cylinder. 

10. Oxygen shall always be dispensed from a cylinder 
through a pressure regulator.  

11. Regulators that are in need of  repair  or  cylinders 
having valves that do not operate  proper ly  shall never be 
used. 

12. Oxygen equipment  that is defective shall not be 
used until it has been repai red  by competent  personnel.  I f  
competent  in-house repairs  cannot be made, such equip- 
ment  shall be repaired by the manufacturer  or his or  her  
authorized agent; or it shall be replaced. 
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13. Oxygen cylinders shall be protected from abnor- 
mal mechanical shock, which is liable to damage the cylin- 
der, valve, or safety device. Such cylinders shall not be 
stored near  elevators, gangways, or in locations where 
heavy moving objects will strike them or fall on them. 

14. Cylinder-valve protection caps, where provided,  
shall be kept in place and be hand tightened, except when 
cylinders are in use or  connected for use. 

15. Cylinders shall be protected from the tamper ing 
of unauthorized individuals. 

16. Valves shall be closed on all empty cylinders in 
storage. 

17. Oxygen shall be referred to by its p roper  name, 
oxygen, not air. Liquid oxygen shall be referred to by its 
p roper  name, not liquid air. 

18. Oxygen shall never be used as a substitute for 
compressed air. 

19. Cylinders or cylinder valves shall not be repaired,  
painted,  or altered. 

20. 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 permit-  
ted under  any circumstances to come in contact with cylin- 
der  valves or safety devices. Valve outlets clogged with ice 
shall be thawed with warm - -  not boiling - -  water. 

21. The markings s tamped on cylinders shall not be 
tampered  with. It is against federal statutes to change these 
markings without written authority from the Bureau of  
Explosives. 

22. Markings used for the identification of contents of 
cylinders shall not be defaced or removed, including decals, 
tags, stenciled marks, and upper  half of shipping tag. 

23. The  owner of the cylinder shall be notified if any 
condition has occurred that might permit  any foreign sub- 
stance to enter  a cylinder or valve, giving details and cylin- 
der  number.  

24. 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. 

25. 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. 

26. Cylinders and containers shall not be dropped ,  
dragged,  or rolled. 

27. Freestanding cylinders shall be proper ly  chained 
or suppor ted  in a p rope r  cylinder stand or cart. 

28. Cylinders shall not be chained to portable or mov- 
able apparatus  such as beds and oxygen tents. 

29* Cylinders shall not be suppor ted  by, and neither 
cylinders nor containers shall be placed in proximity of, 
radiators, steam pipes, or heat ducts. 

30. Very cold cylinders or containers shall be handled 
with care to,avoid injury. 

31. Cylinders and containers shall not be handled  
with hands, gloves, or other  materials contaminated with 
oil or grease. 

(c) Making Cylinder and Container Connections. 

1.* Wrenches used to connect respira tory  therapy 
equipment  shall be manufactured of steel or other  suitable 
material of adequate strength. 

2. Cylinder valves shall be opened and connected in 
accordance with the following procedure:  

a. Make certain that apparatus  and cylinder valve 
connections and cyl inder  wrenches are free of foreign 
materials. 

b. Turn  the cylinder valve outlet away from per- 
sonnel. Stand to the side - -  not in front and not in back. 
Before connecting the apparatus  to cylinder valve, momen- 
tarily open cylinder valve to eliminate dust. 

o Make connection of apparatus  to cylinder valve. 
T ighten  connect ion  nut  securely with an a p p r o p r i a t e  
wrench [see 4-3.5.2.1(c)1]. 

d. Release the low-pressure adjus tment  screw of 
the regulator  completely. 

e. Slowly open cylinder valve to full open position. 
f. Slowly turn in the low-pressure adjustment  screw 

on the regula tor  until the p rope r  working pressure is 
obtained. 

g. Open the valve to the utilization apparatus.  
3. Connections for containers shall be made in accor- 

dance with the container manufacturer's operating instructions. 

(d) Care of Safety Mechanisms. 
1. Personnel  using cyl inders  and  conta iners  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  utilization of the wrong gas. 

2. Safety relief mechanisms, noninterchangeable con- 
nectors, and other  safety features shall not be removed,  
altered, or replaced. 

(e) Laboratory Gases. 
1.* Use of Gases. Gases shall be handled and used 

with care and with knowledge of  their hazardous proper-  
ties, both individually and in combination with other  mate- 
rials with which they can come in contact. (See NFPA 49, 
Hazardous Chemicals Data, and NFPA 491M, Manual of Haz- 
ardous Chemical Reactions.) 

2. Cylinders. In a laboratory, gas cylinders being held 
for p rompt  use shall not exceed 2 days' working needs, 
except as permit ted in 4-6.1.1.1. Cylinders shall be in racks 
or secured in position. 

3. Working Supplies. The aggregate accumulation of  
cylinders at any one working station shall not exceed one 
extra cylinder for each cylinder actually connected for use. 
All cylinders shall be secured in a rack or secured in an 
upr ight  position. 

4-3.5.2.2 Storage o f  Cy l inders  and Containers  - -  Level  1. 

(a)* Facility authorit ies,  in consultation with medical 
staff and  o the r  t ra ined  personne l ,  shall p rov ide  and 
enforce regulations for the storage and handling of cylin- 
ders and containers 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 flammable inhalation anesthetic agents, established in 
any operat ing or delivery suite, shall be limited by space 
allocation and regulation to not more than a 48-hour nor- 
mal requirement  for any such suite. In storage locations, 
cylinders shall be proper ly  secured in racks or adequately 
fastened. No cylinders containing oxygen or nitrous oxide, 
other  than those connected to anesthetic apparatus,  shall 
be kept or stored in anesthetizing locations. 

(b) Nonflammable Gases. 
1. Storage shall be planned so that cylinders can be used 

in the order in which they are received from the supplier. 
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2. 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 cylin- 
der is needed hurriedly. 

3. Cylinders stored in the open shall be protected 
against extremes of weather and from the ground beneath 
to prevent rusting. During winter, cylinders stored in the 
open shall be protected against accumulations of ice or 
snow. In summer, cylinders stored in the open shall be 
screened against continuous exposure to direct rays of the 
sun in those localities where extreme temperatures prevail. 

1 4-3.5.2.3 Patient Gas Systems -- Level 1. 

(a)* Piping systems shall not be used for the distribution 
of flammable anesthetic gases. 

(b) Nonflammable medical gas systems used to supply 
gases for respiratory therapy shall be installed in accor- 
dance with 4-3.1 of this chapter. 

(c) Maintenance programs in accordance with the man- 
ufacturer's recommendations shall be established for the 
medical air compressor supply system as connected in each 
individual installation. 

(d)* The responsible authority of the facility shall estab- 
lish procedures to ensure that all signal warnings are 
promptly evaluated and that all necessary measures are 
taken to reestablish the proper functions of the medical gas 
system. 

(e) Piping systems for gases shall not be used as a 
grounding electrode. 

(I) Complete Loss of Any Medical Gas System. The facility shall 
have the capability and organization to implement a plan to 
cope with a complete loss of any medical gas system. 

(g) A periodic testing procedure for nonflammable med- 
ical gas and related alarm systems shall be implemented. 

(h) The test specified in 4-3.4.1.3(i) shall be conducted 
on the downstream portions of the medical gas piping sys- 
tem whenever a system is breached or whenever modifica- 
tions are made or maintenance performed. 

(i) Periodic retesting of audible and visual alarm indica- 
tors shall be performed to determine that they are func- 
tioning properly, and records of the test shall be main- 
tained until the next test. (See Appendix C-4.2.) 

4-3.5.3* Gas Systems Recordkeeping --  Level 1. Prior 
to the use of any medical gas piping system for patient 
care, the responsible authority of the facility shall ensure 
that all tests required in 4-3.4.1 have been successfully con- 
ducted and permanent  records of the test maintained in 
the facility files. 

4-3.5.4 Gas Systems Information and Warning Signs --  
Level 1. 

4-3.5.4.1 The gas content and operating pressure of med- 
ical gas piping systems shall be readily identifiable by 
appropriate labeling with the name and pressure of the gas 
contained. 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 
piping at intervals of not more than 20 ft (6 m) and at least 
once in each room and each story traversed by the piping 
system. Where supplementary color identification of pip- 
ing is used, it shall be in accordance with the gases and col- 
ors indicated in CGA Pamphlet C-9, Standa~d Color-Marking 
of Compressed Gas (Qvlinders Intended for Medical Use. 

4-3.5.4.2 The shutoff valves described in 4-3.1.2.2(b)1, 
4-3.1.2.2(d)5, and 4-3.1.2.2(d)6 shall be labeled to reflect 
the rooms that are controlled by such valves. Labeling shall 
be kept current  from initial construction through accep- 
tance. Valves shall be labeled in substance as follows: 

CAUTION -- (NAME OF MEDICAL GAS) VALVE 
DO NOT CLOSE EXCEPT IN EMERGENCY 
THIS VALVE CONTROLS SUPPLY TO . . . 

4-3.5.4.3 Pressure gauges and manometers for medical gas 
piping systems shall be identified: (NAME OF GAS) USE 
NO OIL! 

4-3.5.5 Gas System Transport and Delivery --  Level 1. 

4-3.5.5.1 Personnel concerned with use and transport of 
equipment  shall be trained in proper handling of cylin- 
ders, containers, hand trucks, supports, and valve protec- 
tion caps. 

4-3.5.5.2* Large cylinders (exceeding size E) and contain- 
ers larger than 100 lb (45.4 kg) weight shall be transported 
on a proper hand truck or cart complying with 8-5.2. 

4-3.5.6 Vacuum System Policies  --  Level 1. 

4-3.5.6.1 Patient Vacuum Systems. 

] (a)* Maintenance. The facility shall establish rout ine 
preventive maintenance programs applicable to both the 
vacuum piping system and to the secondary equipment  
attached to vacuum station inlets to ensure the continued 
good performance of the entire vacuum system. 

(b) Leakage Tests. The facility shall perform periodic 
tests for detecting leaks in the system in accordance with 
4-3.4.2.2. 

I (c)* Station Inlet Performance Tests. Station inlet termi- 
nal performance, as required in 4-3.4.2. l(c), shall be tested 
on a regular preventive maintenance schedule as deter- 
mined by the facility maintenance staff. The test shall be 
based on flow of free air (SCFM) into a station inlet while 
simultaneously checking the vacuum level. 

I (d)* Instruction of Staff. The facility shall instruct its per- 
sonnel 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 
actually aspirating, and using equipment arrangements that 
are improperly trapped or are untrapped. 

(e) Contamination. Liquid or debris shall not be intro- 
duced into the medical-surgical vacuum system for disposal. 

(I) Nonmedical Use. The medical-surgical vacuum sys- 
tem shall not be used for vacuum steam condensate return 
or other nonmedical or nonsurgical applications. 

(g) Modifications. Whenever the medical-surgical vac- 
uum system is breached, the tests of 4-3.4.2 shall be con- 
ducted on any new or modified portion of the system. 

4-3.5.7 Vacuum System Recordkeeping --  Level 1. 
Upon completion of the tests described in 4-3.4.2.2, a writ- 
ten record of the performance of these tests shall be main- 
tained in the permanent  records of the facility. 

4-3.5.8 Vacuum System Information and Warning Signs 
--  Level I. 

4-3.5.8.1 Piping  Distribution System. The piping distri- 
bution system shall conform to 4-3.2.2.3 and 4-3.2.2.4. 
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4-3.5.8.2 Gauge Ident i f icat ion.  Gauge ident i f ica t ion  
shall conform to 4-3.2.2.10(c). 

4-3.5.9 WAGD System Policies - -  Level 1. 

4-3.5.9.1 Maintenance.  The facility shall establish rou- 
tine preventative maintenance programs applicable to the 
WAGD system. 

4-3.5.9.2 Performance Tests. The facility shall establish 
routine testing programs to assure that the WAGD system 
performs as required in 4-3.4.3. 

4-4 Level 2 Piped Systems. 

4-4.1 Piped Gas Systems --  Level 2. (Reserved) 

4-4.2 Piped Vacuum Systems --  Level 2. (Reserved) 

4-4.3 P iped  WAGD Systems - -  Level 2. (Reserved) 

4-4.4 Performance Criteria and Testing --  Level 2. 
(Reserved) 

4-4.5 Adminis t ra t ion  --  Level 2. (Reserved) 

4-5 Level 3 Piped Systems. 

4-5.1 Piped Gas Systems (Source and Distribution) - -  
Level 3. 

4-5.1.1 Source - -  Level 3. 

4-5.1.1.1 Cylinders shall comply with 4-3.1.1.1. Cylinders in 
service shall be adequately secured. Cylinders in storage shall 
be secured or located to prevent falling or being knocked over. 

4-5.1.1.2" Supply system and storage locations shall com- 
ply with 4-3.1.1.2(a)1 through I1 [except 4-3.1.1.2(a)11c] 
and 4-3.1.1.2(c). 

Enclosures for supply systems shall be provided with 
doors or  gates. If  the enclosure is outside and/or  remote 
from the single t reatment  facility, it shall be kept locked. If  
the storage area is within the single t reatment  facility (i.e., 
is not remote), it shall be permit ted to be locked. 

4-5.1.1.3" Level 3 Patient Gas Supply  Systems. (See Fig- 
ure 4-5.1.1.3.) Compressed air shall be provided by a Level 
3 compressed air system as defined in Chapter  2. 

(a) Level 3 compressed air shall be permit ted to be used 
to power air-powered devices for evacuation only if the 
exhaust of the evacuation device is a closed vent to the out- 
side of the building. 

(b) Equipment shall be obtained from and be installed 
under the supervision of a manufacturer(s) or supplier(s) famil- 
iar with proper practices for its construction and use. Mainte- 
nance programs, in accordance with the recommendations of 
manufacturer(s), shall be established for the dental air compres- 
sor supply system as connected in each individual installation. 

(c)* The compressor  system shall be permit ted to be a 
single, duplex,  or mult icompressor system. 

(d) Each system installation shall include appropr ia te  
disconnect switch(es), motor-start ing device(s), and motor  
overload protection device(s). For single duplex olymulti- • ~ '. / .  
compressor systems, a means for activation/deactivation of 
each individual compressor shall be provided by the sup- 
plier or contractor. When multiple compressors are used, 
alternation of units, and a means to activate the additional 
unit(s) should the in-service unit(s) be incapable of main- 
taining adequate pressure,  shall be provided.  Manual or 
automatic switchover shall be permitted.  

(e)* Level 3 compressed air systems shall be equipped 
with intake filter-muttter(s) of  the dry type; receiver(s); 
shutoff valves; air dryer(s); in-line final particulate filters 
rated at 5 microns, 98 percent  efficiency, with filter status 
indicator; and downstream pressure regulator(s) to ensure 
the delivery of compressed air with a maximum allowable 
0.05 ppm liquid oil and 40% relative humidity at operat ing 
pressure and temperature .  

The  air intake shall be from outside the building when 
practical or  shall be located within a room where no 
chemical-based material is stored or used. 

The compressor air intake shall be located where no con- 
tamination from vacuum system discharges or particulate 
matter is anticipated. The compressor air intake shall be taken 
from a space other than an operatory and other than the room 
or space in which there is an open or semi-open discharge from 
a Level 3 vacuum system. [See Figure 4-5.1.1.3.] 

(t) The  system shall be equipped with a pressure relief 
valve, pressure gauge, and receiver with drain plug or a 
manual drain or an automatic drain. Receiver(s) shall have 
the capacity to ensure practical on/off operat ion of the 
compressor(s). Receiver(s) shall comply with Section VIII, 
Unfired Pressure Vessels, of the ASME Boiler and Pressure 
Vessel Code. 

(g)* An appropr ia te  moisture indicator shall be pro-  
vided. The  moisture indicator shall be located in the active 

. . . .  ~ IOMI ',U.C. l 
Receiver, pressure ~,--~ T . . . . . . . .  
relief valve ~ L ~  

Compressor head ~ 1.2U ~[, 
pressure relief ~ I F I 
valve / - - ,  r~ " ] -  

. .  / ~ F ~  .., 1 - -  

.,r ! I ' - -  i~J L ~  
inlet / / 

Gauge I 
.~ ~ Dryer 

/ t Flex 
:~ connection Receiver 

~ A  ' ~  . . . .  ir 
compressor 

,_sj 

Manual, automatic, 
or drain plug is 
acceptable 
r . . . .  ] 
L ' -  . . . .  - ' - J  

Note: Dotted lines indicate optional items. 

N Moisture indicator [ ]  Utility center 
(junction box, "J-box") 

[ ]  Filter(s) [ ]  Oil monitor, 
system test location 

:~,~ Check valve 
I~ Automatic [ ]  Service outlet 

drain 
Shutoff valve 

Drain plug 

Figure 4-5.1.1.3 Level 3 patient gas system (typical). 
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air stream prior  to or after the receiver but  upstream of 
any system pressure regulators. 

The  moisture  indicator  shall indicate if the relative 
humidity of the compressed air exceeds 40 percent  at line 
pressure and temperature.  

(h) An oil indicator  sensor pe r  4-5.1.1.3(e) shall be 
located downstream of the receiver as shown in Figures 
4-5.1.1.3 and 4-5.1.1.4. The  oil indication device shall be 
capable of measuring an oil concentration of 0.05 ppm 
with an accuracy of  - 0.03 ppm in compressed air at 80 to 
100 psig (552 to 689 kPa). 

(i) The  service outlet shall not be interchangeable with 
the medical air station outlet. 

4-5.1.1.4 Level 3 Gas-Powered Devices Supply Systems 
[See Figure 4-5.1.1.4]. 

(a)* The  nitrogen operat ing pressure shall be designed 
for operat ing pressures below 160 psig (1103 kPa) for con- 
sideration as Level 3. 

(b) Supply systems providing nitrogen gas to power devices 
shall use nitrogen oil-free, dry as defined in Chapter 2. 

(c) Level 3 nitrogen systems shall ei ther have regula- 
tor(s) mounted  on the individual cylinder(s) or the cylin- 
der(s) can be connected to a manifold via pigtail and pres- 
sure regulated at the manifold. The  cylinder(s) shall be 
individually secured to prevent  falling. 

(d)* The  nitrogen cylinder gas supply shall be permit-  
ted to be independent  of the 3000 cu ft (85 m s) consider- 
ation for Level 3 patient nonflammable medical gases clas- 
sification. Ni t rogen gas cylinder storage in compressor  
rooms and also in the same storage area with nonflamma- 
ble medical gases shall be permitted.  

(e) Cyl inder  storage shall avoid direct  heat ing from 
steam, hot water, or other  indirect means. Cylinder tem- 
peratures  shall not exceed 130°F (54°C). 

(t) The  nitrogen gas supply system shall be a system of 
cylinders and necessary supply equipment  assembled with 
that which will permit  alternately supplying the required 
supply gas. When the content of  one pr imary cylinder is 
unable to supply the normal operat ing pressures, the sec- 
ondary cylinder(s) shall be activated manually. Automatic 
switchover shall be permit ted.  

(g) Where nitrogen gas is used as a backup for a Level 3 
compressed air system, a check valve and shutoff valve 
shall be located in each supply line pr ior  to the "T" con- 
nection to the main line. [See Figure 4-5.1.1.4.] 

4-5.1.2 Distribution for Patients m Level 3 (Manifold, 
Piping, Valving/Controls, Outlets/Terminals, Alarms). 

4-5.1.2.1 Mechanical means shall be provided to ensure 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 
CGA Pamphlet V-l ,  Standard for Compressed Gas Cylinder Valve 
Outlet and Inlet Connections (ANSI B57.1; CSA B96). 

] 4-5.1.2.2 Threaded  connections between the regulators 
and the piping system shall comply with CGA Pamphlet  
V-5, Diameter-Index Safety System. 

4-5.1.2.3 Flexible connectors of other than all-metal con- 
struction 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 
connectors shall comply with the provisions of 4-5.1.2.2. 

Nitrogen manifold 

7 
* Shown with regulators L°J -Ixl" 

(pigtails and high pressure 
manifold acceptable) 

Receiver, pressure 
relief valve ~ _ . 

Compr reeSSrO;ehfead ' ~ " r ~  L;J 
.,alve / 

'n'et ,_k / 
L'gJ / 0 I 

Gauge I 
~f Dryer 

Flex 
nection 

I I f  Air 
compressor 

Note: Dotted lines indicate optional items. 

r . . . . . . . . . .  l 

I I 
Lg, I P-Y-~ I 

Receiver 

Manual, automatic, 
or drain plug is 
acceptable 

Lg_pjLo_%J 

r"M7 Moisture indicator [ ' ~  Utility center 

[ ]  Filter(s) [ ]  Oil monitor, 
system test location 

~$ Check valve 
[ ~  Service outlet 

~---~Gas outlet station 
Shutoff valve 

i~ Automatic drain 

Drain plug 
Figure 4-5.1.1.4 Level 3 gas-powered devices supply system. 

4-5.1.2.4 A shutoff valve or check valve shall be installed 
downstream of  each pressure regulator.  

4-5.1.2.5 A pressure relief valve set at 50 percent above 
normal line pressure shall be installed downstream of the 
shutoff or check valve required in 4-5.1.2.4. Pressure relief 
valves shall be of  brass or bronze and designed for oxygen 
service. 

4-5.1.2.6" Supply systems supplying a single t reatment  
facility as oudined in 4-5.5.2.3(a)3 shall contain as a mini- 
mum: 

(a) Two cylinders of oxygen and two cylinders of nitrous 
oxide (if used) if storage is remote, or two cylinders of  oxy- 
gen and one cylinder of  nitrous oxide (if used) if storage is 
not remote. 

(b) The  cylinders for each gas service shall be mani- 
folded 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 pr imary bank is 
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unable to supply the system, the secondary bank shall be 
capable of being manually switched to supply the system I 
Automatic switchover shall be permit ted.  

(c) When the supply system is remote, the switchover 
shall be automatic. 

4-5.1.2.7" Supply systems supplying two single treatment 
facilities as outlined in 4-5.5.2.3(a)4 shall contain as a minimum: 

(a) Two cylinders of  oxygen and two cylinders of nitrous 
oxide (if used). 

(b) The  cylinders for each gas service shall be mani- 
folded 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 pr imary bank is 
unable to supply the piping system, the secondary bank 
shall automatically operate  to supply the piping system. 

4-5.1,2.8 Warning Systems for Gases. 

(a) 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 
connected to each main supply line within a single treat- 
ment  facility. [See 4-5.4.1.3(f).] The  automatic  pressure  
switch shall be installed downstream of any main supply 
line shutoff valve that may be required by the provisions of 
4-5.1.2.1 l(b)2 and 3. 

(b) A warning system as required in 4-5.1.2.8(a) shall be 
installed in each single t reatment  tacility served by the sup- 
ply system. The  warning system shall be comprised of an 
audible  and noncancel lable  visual signal and shall be 
installed to be heard and seen at a continuously at tended 
location dur ing  the time of operat ion of the facility. 

(c) A warning system as outlined in 4-5.1.2.8(b) shall be 
instal led to indica te  whenever  au tomat ic  changeove r  
occurs or is about to occur. The signal shall remain uncan- 
cellable until the reserve supply bank has been replen- 
ished. The  sensor alarm shall be independent  of the sensor 
actuator of  4-5.1.2.8(a). When two treatment  facilities are 
served by a common supply system, the automatic change- 
over alarm shall indicate in both facilities. 

(d) Warning systems for two single t reatment  facilities 
shall conform to 4-5.1.2.8(a), (b), and (c), and shall be inde- 
pendent.  

4-5.1.2.9 Pressure Gauges for Gas Systems. A pressure 
gauge shall be installed in the main line adjacent to the 
actu~tting switch required in 4-3.1.2.1(b)3(e). It shall be 
appropr ia te ly  labeled and be readily visible from a stand- 
ing position. (See C-4.2.14.) 

4-5.1.2.10" Gas Piping. 

(a) The  provisions of 4-3.1.2.2(a) shall apply. 

Exception: Annealed (soft temper) ASTM B88 (Type K or L) 
copper tube that has been prepared for oxygen service according to 
CGA Pamphlet G-4.1, Cleaning Equipment for Oxygen SeTvice, 
shall be pe~wfitted to be used up to I/2 in. OD maximum size. 

(b) Fittings shall comply with 4-3.1.2.2(a). 

Exception: Flared connections in ASTM B88 tube shall be per- 
mitted where exposed at station outlets and manifold connections. 

4-5.1.2.11 Gas Shutoff Valves. 

(a) Non-Emergency Shutoff Valves. Systems operat ing at 
varying operat ing pressures from 0-200 psig (1380 kPa), 

and not operat ing at a constant regulated 50 psig (345 
kPa), shall have a manual shutoff valve within the facility 
between the source and all service outlets. 

(b) Emergency Shutoff Valves. 
1.* Where the central supply is remote from the med- 

ical 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. 

2. Where 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 t reatment  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 t reatment  
facility. A remotely activated shutoff at the supply cylinder 
shall not be used for emergency shutoff. For clinical pur-  
poses, such a remote actuator shall not fail-closed in the 
event of a loss of electric power. I f  remote actuators are the 
type that fail-open, it shall be mandatory  that cyl inder 
shutoff valves be closed whenever the system is not in use. 
[See 4-5.5.2.3(g).] 

3. Where the central supply system supplies two sin- 
gle t reatment  facilities, each facility shall be provided with 
a shutoff valve so located in each t reatment  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 t reatment  
facility. A remotely activated shutoff at the supply manifold 
shall not be used for emergency shutoff valves for dual  
t reatment  facility installations. 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 shall be mandatory that cylinder shutoff valves be 
closed whenever the system is not in use. [See 4-5.5.2.3(g).] 

4. The provisions of 4-3.1.2.2(b)4 shall apply to any 
installation with risers off the main line. 

4-5.1.2.12 Gas Station Outlets. 

(a) The  provisions of 4-3.1.2.2(d) shall apply. 
(b)* Station outlets shall be located at an appropr ia te  

height  above the floor to prevent  physical damage  to 
equipment  attached to the outlet. 

Floor  mounts  for Level 3 gas systems shall not be 
recessed and shall be permit ted to be mounted in or on the 
dental  junct ion box, when mounted  to the floor. 

(c) Station outlets shall be located to avoid physical dam- 
age to the valve and attached equipment.  

4-5.1.3 Distribution for Gas-Powered Devices --  Level 3. 

4-5.1.3.1 The  provisions of this section apply to field- 
installed piping for the dis tr ibut ion of gases to power 
devices. 

(a) Piping shall be Type K or L copper  (hard drawn or 
annealed) or brass (schedule 40 or 80). If  Level 3 system 
dynamic gas piping is installed simultaneously with other  
patient gas piping systems, either the Level 3 system pip- 
ing shall be labeled or otherwise identified pr ior  to instal- 
lation in o rder  to preclude inadvertent  inclusion in a non- 
f lammable medical  gas p ip ing  system, or  the Level 3 
system piping shall be cleaned and degreased in accor- 
dance with 4-3.1.2.3. 
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(b)* Fittings shall be manufactured  from corrosion- 
resistant materials suitable for the system pressures [not to 
exceed 160 psig (1103 kPa)]. 

(c) Connectors and joints shall be soldered with 95-5 tin 
antimony, silver brazed, or threaded NPT. 

(d) The provisions of 4-3.1.2.2(a)7 piping support, 11 
buried piping, 14 trenching, 15 miscellaneous damage, 
and 16 hoses shall apply. 

4 - 5 . 1 . 3 . 2  G a s  S h u t o f f  V a l v e s .  

(a) Emergency gas shutoff valves shall not be required. 
Shutoff valves for isolation of a duplex system operation 
components shall be provided as recommended by the 
manufacturer. 

(b) Where nitrogen gas is used as a backup for a Level 3 
compressed air system, a check valve and shutoff valve 
shall be located in each supply line prior to the tee connec- 
tion in the main line. [See Figure 4-5.1.I.3(b).] 

4 - 5 . 1 . 3 . 3  S e r v i c e  O u t l e t s .  

(a) Outlets from Level 3 piping systems shall be either a 
shutoff valve with a threaded female pipe connect, or a 
quick-connect fitting with a single check valve. 

(b) Service outlets shall be located to avoid physical 
damage. 

4 - 5 . 1 . 3 . 4  A l a r m s .  

(a) Gases used to power devices, such as in a com- 
pressed air or nitrogen system, as well as Level 3 vacuum 
systems, shall not be required to have an alarm system. 

4 - 5 . 2  P i p e d  V a c u u m  S y s t e m s  ( S o u r c e  a n d  D i s t r i b u t i o n )  
--  Level 3. 

4 - 5 . 2 . 1 "  S o u r c e  - -  L e v e l  3 .  

415.2.1.1 Service inlets shall be either a shutoff valve with 
a threaded temale pipe connector, or a quick-connect fit- 
ting with a single check valve. 

4-5.2.1.2 Level 3 vacuum pumps shall be suitable for the 
intended purpose. Wet vacuum piping system shall have a 
l iquid/air  separator in the system. [See Figures 4-5.2.1.2(a) 
through (d).] 

Equipment  shall be obtained from and be installed 
under  the supervision of a manufacturer(s) or supplier(s) 
familiar with proper practices for its construction and use. 
Maintenance programs, in accordance with the recommen- 
dations of manufacturer(s), shall be established for the den- 
tal air compressor supply system as connected in each indi- 
vidual installation. 
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Figure 4-5.2.l.2(a) Typical Level 3 wet or dry piping system with single vacuum pump source. 

r . . . . . . . . . . . . . . . . . . . .  ,---J 

: ; ~  Options H20-*- ~ 
~_mo_drain . . . . . . . . . . . . . . . . . .  

[ ]  Vacuum relief valve : ~  Check valve 

P 
. . . . . . . . .  L_  r -  . . . . . . .  

I I 

; i separatOr i I 

', ss', . . . .  r - - '~  [ 
: -$- • i 

rr-~5] • • To drain:* Refer to 
--I " ~  Figure 4-5.2.1.3(b). 

~J H 2 0 ~  Isolators 

rEE I Solids separator 

'6 ]  Inlet station ¢ Pipe isolators H20 Water supply 

I's] Service inlet @ Vacuum gauge i - ~  Utility center 

* Note 1 : Does not have to be below floor. Note 2: Dotted lines indicate optional items. 

Figure 4-5.2.1.2(b) Typical Level 3 wet or dry piping system with duplex vacuum source. 
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Figure 4-5.2.1.2(c) Typical Level 3 wet or dry piping system with single vacuum source. 
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Figure 4-5.2.1.2(d) Typical Level 3 wet or dry piping system with duplex vacuum source. 

4-5.2.1.3 Liquids from a Level 3 vacuum system, per  
4-5.2.2.2, shall be directly connected to the sanitary drain- 
age system through an appropr ia te ly  t rapped and vented 
drain. [See Figures 4-5.2.1.3(a) and (b).] 

4-5.2.1.4" The gas discharge fiom a Level 3 vacuum system 
shall be piped to the outside. The gas shall be discharged 
outdoors in a manner that wi, ll minimize the hazards of noise 
and contamination to the facility and to the environment. 

4-5.2.1.5 The exhaust shall be located remote fi'om any door, 
window, air intake, or other openings in the building with par- 
ticular attention given to separate levels of intake or discharge. 

Care shall also be exercised to avoid discharge locations 
contraindicated by prevail ing winds, adjacent buildings, 
topography,  and other influences. 

4-5.2.1.6 Exhaust to the outdoors shall be protected against 
the entry  of insects, vermin,  debris,  and precipi tat ion.  
Exhaust lines shall be sized to minimize back pressure. 

4-5.2.1.7 Discharge of the vacuum systems utilizing common 
exhaust pipes shall be fitted with a check yah,e, a manual valve, 

or arranged to permit capping of the active pipe when remov- 
ing and servicing a vacuum pump or components. 

4-5.2.1.8" Vacuum exhaust  from separate pumps shall 
follow the manufacturer 's  recommendations.  

4-5.2.2 D i s t r i b u t i o n  - -  L e v e l  3 .  

4-5.2.2.1 Piping materials  shall be corros ion-res is tant  
material having a smooth interior surface. Piping shall be 
sized according to the manufacturer 's  recommendations.  
All piping shall be provided with adequate and accessible 
clean-out facilities on mains and branches and shall be 
accessible for inspections, maintenance, and replacement.  

4-5.2.2.2 Nonflammable waste gases shall be permit ted to 
be disposed of through a Level 3 vacuum system provided 
that its inclusion in the system does not affect the overall 
performance of the other parts of the vacuum system. 

4-5.2.2.3 Piping materials shall be PVC schedule 40, copper 
or other corrosion-resistant material. Piping shall be sized in 
accordance with the manufacturer's recommendations. MI 
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Figure 4-5.2.1.3(a) Drainage from a gravity-drained, liquid collector tank. 

piping  shall be provided  with adequa te  and accessible 
"cleanouts" per  the manufacturer 's  or  design engineers '  
specifications. 

4-5.2.2.4 All piping shall have smooth interior  walls to 
avoid debris buildup.  

4-5.2.2.5 Piping shall be sloped a minimum of  1/4 in. per  
10 ft (.65 cm per  30 m) toward the vacuum pump or  a single 
location before the vacuum pump. Systems shall be free of  
local low sections that can collect liquids or  debris. Pipe hang- 
ers shall be used per the manufacturer's recommendations. 

4-5.2.2.6 Where  any other  vacuum systems or  piping sys- 
tems are used, pipe shall be labeled as to type and gas/ 
vacuum being used. 

4-5.2.2.7 Level 3 vacuum systems shall not be required to 
have an alarm system. 

4-5.3 P iped  WAGD Systems - -  Level 3. 

4-5.3.1 Source - -  Level 3. (Reserved) 

4-5.3.2 Dis t r ibut ion - -  Level 3. (Reserved) 

4-5.4 Performance Criteria and Testing -- Level 3 (Gas, 
Vacuum, WAGD). 

4-5.4.1 Piped Patient Gas Systems -- Level 3. 

4-5.4.1.1 General .  Inspection and testing shall be per- 
formed on all new piped gas systems (including oxygen, 
nitrous oxide, nitrogen,  Level 3 compressed air and Level 
3 vacuum), additions, renovations, or repai red  systems to  
assure the facility that all applicable provisions of this doc- 
ument  have been adhered  to and all system integrity has 
been achieved or  maintained. 

This inspection and testing shall include all components of 
the system or portions thereof including, but not limited to, 
cylinder room equipment, compressed air source systems, 

Typ. 
Exhaust f rom . . . . . . .  q vacuum pump ~ ~ 

Exhaust to 
outside 

Vent to the 
plumbing system 

jm --I,~- Check valve ] 

~ -  Optional drain plug 

Drainage system 
Optional separator 

Note: Dotted lines indicate optional items. 

Figure 4-5.2.1.3(b) Drainage from a positive discharge vacuum pump 
through an air/liquid separator. 

vacuum system, alarms, pipelines, shutoff valves, station 
outlets, and terminal service outlets/inlets. 

All systems that are breached and components  that are 
subject to additions, renovations, or replacement  shall be 
appropr ia te ly  tested. 

Systems shall be deemed breached at the point of pipeline 
intrusion by physical separation or by system component  
removal, replacement, or addition. The breached portions of  
the systems subject to inspection and testing shall be all the 
new and existing components in the immediate zone or area 
that is located upstream for vacuum systems and downstream 
for pressure gases at the point or area of  intrusion. 

The  responsible facility authori ty shall review all inspec- 
tion and testing pr ior  to the use of all systems covered by 
this document.  The responsible authori ty shall ensure that 
all findings and results of the inspection and testing have 
been completed and all documentat ion pertaining thereto 
shall be maintained on-site, within the facility. 

4-5.4.1.2 Piping Integrity Test. The following test shall 
be conducted by the installer, representative of the sup- 
plier, or representat ive of  the manufacturer.  The  test gas 
shall be oil-free, dry nitrogen. 

(a) Initial Pressure Test. Before attachment of system com- 
ponents (e.g., pressure activating switches for alarms, mani- 
folds, 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 
test pressure of 1.5 times the working pressure [minimum 
150 psig (1 MPa gauge)] with oil-free, dry nitrogen. 

1. The  test pressure shall be maintained until each 
jo int  has been examined for leakage by means of soapy 
water or other  equally effective means of leak detection 
safe for use with oxygen. Leaks, if any, shall be located, 
repaired,  and retested in accordance with this paragraph.  
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2. The  source shutoff valve shall then be closed. The 
test shall remain static for a per iod of 24 hours with a max- 
imum allowable pressure loss of 5 psig (35 kPa). Leaks, if 
any, shall be located, repaired,  and retested in accordance 
with this paragraph.  

(b) Blow Down. After installation of the piping, the ter- 
minal outlets, or station outlets, and all brazing of joints, 
but before installation of other  components  (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 nitrogen (see Section 2-2, Definitions). 

(c) Piping Purge. In o rder  to remove particulate matter  
in the pipelines, a heavy, intermittent  purging of the pipe- 
line shall be done.  The  a p p r o p r i a t e  adap t e r  shall be 
obtained, and a high-flow purge shall be put  on each out- 
let. The outlet shall be allowed to flow fully until the purge 
produces no discoloration in a white cloth. Piping shall be 
capped after testing. 

(d) No further brazing to the piping system shall be per- 
mitted after the tests in this section have been completed. 
Additional assembly shall be limited to installing the mani- 
fold and operat ing components  of the system. 

4-5.4 .1 .3  S y s t e m  Ver i f i ca t ion  a n d  F ina l  Tes t ing .  The  
following test shall be pe r fo rmed  after those listed in 
4-5.4.1.2. This testing shall be conducted by a party techni- 
cally competent  and exper ienced in the field of Level 3 
medical gas, Level 3 compressed air, and Level 3 vacuum 
systems and testing. 

(a) All systems shall be activated with the intended "use 
gas" (i.e., oxygen, nitrous oxide, etc.) at the normal oper-  
ating pressure [50 psig (345 kPa)]. The source shutoff valve 
shall then be closed. The  test shall remain static for a 
period of 24 hours with a maximum allowable pressure 
loss of  5 psig (35 kPa). Leaks, if any, shall be located, 
repaired,  and retested in accordance with this paragraph.  

(b) After walls have been closed in, and all brazing fab- 
rication comple ted ,  comple t ion  of  the system shall be 
made. Manifolds, regulators,  hoses, alarms, compressors,  
vacuum pumps,  and all accessories to the system shall be 
assembled before final testing. 

(c) Static Pressure Test. The pressure test of 4-3.4.1.2(c) 
shall be conducted at normal operat ing pressure. The test 
gas shall be the intended service gas. The  test shall remain 
static for a per iod of 24 hours with a maximum allowable 
pressure loss of  5 psig (35 kPa). Leaks, if any, shall be 
located, repai red ,  and retested in accordance with this 
paragraph.  

(d) Pressure Relief Test. Each gas pressure relief valve in 
the piping system shall be tested to ensure the pressure 
relief valves actuate at less than 50 percent  over pressure 
from their maximum opera t ing  pressure.  The pressure 
relief valve specified in 4-5.1.2.5 shall close automatically 
when the excess pressure has been released. 

(e) Cross Connection Test. The oxygen system only shall 
be activated and all other gases shall be at zero (0) psig (0 
kPa). MI service outlets including vacuum shall be tested 
using appropriate secondary connectors. Only oxygen shall 
flow from the oxygen station outlet and all other outlets shall 
have no gas flow. The oxygen outlet shall be purged until a 
white cloth does not show any particulate or discoloration. 

1. The test of 4-5.4.1.3(e) shall be repeated for each 
gas and vacuum piping system. 

(f) Alarm Testing for Gas Systems. The automatic pres- 
sure switch connected to each main supply line within a 
single t reatment  facility shall actuate a visual and audible 
alarm when the line pressure drops  approximately 20 per- 
cent below or increases approximately 20 percent  above 
normal line pressure. All functions shall be tested. (See 
4-5.1.2.8.) 

(g)* Additional Test of Secondary Equipment. Testing also 
shall be conducted on the piping system with the intended 
secondary equipment  to make sure the safety alarms and 
provisions of  the secondary equipment  are verified. The 
instructions of the manufacturer  or supplier  of  secondary 
equipment  shall be followed for any addit ional  recom- 
mended  tests of  the piping and or secondary equipment.  

4-5.4.2 P iped  Gas-Powered Devices Gas Systems - -  Level 3. 

4-5.4.2.1 Level 3 piping systems shall be static pressure 
tested to 150 psig (1034 kPa) or 150 percent  of maximum 
pressure,  whichever is greater,  for 24 hours. The  pressure 
loss shall not exceed a 5 psig (35 kPa) d rop  in pressure. 
This test shall be conducted after all service outlets are 
installed and before the compressor system is connected. 

4-5.4.2.2 After a system has been installed, other  perfor- 
mance testing shall be conducted as recommended by the 
manufacturer.  

4-5.4.2.3 Records of  all tests shall be maintained in the 
facility. 

4-5.4.3 P i p e d  V a c u u m  Sys tems  - -  Level  3. 

4-5.4.3.1 The  piping system shall be pressurized to 15 
psig (103 kPa). 

4-5.4.3.2 The  system shall maintain the static pressure for 
a min imum of  24 hours.  The  pressure  d rop  shall not 
exceed 5 psig (35 kPa). 

4-5.4.3.3 The  test shall be per formed before the vacuum 
pump is installed. 

4-5.4.3.4 All recorded test information shall be retained 
at the facility. 

4-5.4.4 Piped  WAGD Systems - -  Level 3. (Reserved) 

] 4-5.5 Admin i s t ra t ion  - -  Level  3. 

4-5.5.1 Responsibi l i ty  of  G o v e r n i n g  Body.  (Reserved) 

4-5.5.2 Gas Sys tem Po l i c i e s  - -  Level  3. 

4-5.5.2.1 Policies for gases in cyl inders  and liquefied 
gases in containers for Level 3 piped gas systems shall com- 
ply with 4-3.5.2.1. 

4-5.5.2,2 Policies for the storage of cylinders and contain- 
ers for Level 3 p iped  gas systems shall comply  with 
4-3.5.2.2. 

4-5.5.2.3 Pat ient  Gas Systems  - -  Level  3. 

(a)* Level 3 nonflammable medical gas systems cover 
installations that: 

1. Have not more than 3000 cu ft (85 m :~) total capac- 
ity of  all gases (excluding nitrogen and air for powered 
devices) connected and in storage at one time, except that 
the total capacity of all gases shall be permi t ted  to be 
increased to 5000 c u f t  (143 m :~) (excluding nitrogen and 
air for powered devices) if oxygen is used in a DOT Speci- 
fication 4L (liquid) cylinder, and 
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2. Have a listed pressure regulator  directly connected 
to each cylinder, and 

3. Supply only a single t reatment  facility and also as a 
m i n i m u m  comply  with the  specific r e q u i r e m e n t s  of  
4-5.1.2.6, or  

4. Supply a maximum of  two single t reatment  facili- 
ties and  also as a m in imum comply  with the specific 
requirements  of 4-5.1.2.7. 

(b) Single t reatment  facilities for nonhuman use of  med- 
ical gas, such as veterinary medicine, shall not be subject to 
the provisions of  4-5.1.2.6 and 4-5.1.2.8(b). 

(c) The  provisions of  4-3.1.1.3 and 4-3.5.2.3(c) apply. 
(d) Level 3 systems shall be installed in accordance with 

Level 1 systems except as provided by 4-5.5.2.3. 
(e) Medical gas systems not specifically provided for in 

4-5.5.2.3(a), such as systems within a hospital served by a 
central supply system or systems serving three or more treat- 
ment facilities, as might be found in a medical or dental office 
building, shall comply in all respects with Level 1 systems. 

(0 Equipment  shall be obtained from and be installed 
under  the supervision of  a manufacturer  or  supplier  famil- 
iar with p roper  practices for its construction and use. 

(g) Every facility shall establish a procedure  for manu- 
ally turning off the gas supply at the cylinder valves at the 
end of the work day, or  when the facility is not in use. 

4-5.5.3 Gas System Recordkeeping --  Level 3. (Reserved) 

4-5.5.4 Gas System Information and Warning Signs --  
Level 3. The  shutoff valves of 4-5.1.2.11 shall be labeled 
to indicate the gas controlled and to indicate that they are 
to be closed only in an emergency. 

4-5.5.5 Policies for gas system t ranspor t  and delivery 
(Level 3) shall comply with 4-3.5.5. 

4-5.5.6 Vacuum System Policies --  Level 3. (Reserved) 

4-5.5.7 Vacuum System Recordkeeping --  Level 3. 
(Reserved) 

4-5.5.8 Vacuum System Information and Warning Signs 
- -  Level 3. (Reserved) 

4-5.5.9 WAGD System Policies - -  Level 3. (Reserved) 

J 
4-6 Level 4 Piped Systems. 

4-6.1 Piped Gas Systems (Source and Distribution) --  
Level 4. 

4-6.1.1 Source - -  Level 4. 

J 4-6.1.1.1 When a laboratol 7 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 1 hour  and be ventilated in accordance 
with 4-3.1.1.2, or 

(b) Be located outside of the building and connected to 
the laboratory equipment  by a permanent ly  installed pip- 
ing system. 

Exception: Wherever the volume and nature of the gas, in the 
judgment of the laboratory safety officer or other authority having 
jurisdiction, do not offer a hazard, the requirement for the remote 
locations of the cylinder shall be permitted to be waived. 

4-6.1.1.2 When a laboratory is in tended to be routinely 
and frequently opera ted  with nonflammable gases supplied 
from a manifold compressed system: 

(a) The  manifold within the laboratory shall consist of  
not more than six cylinders, 

(b) Manifolds larger than six cylinders shall conform to 
4-6.1.1.1, and 

(c) Cylinders shall be secured in position. 

4-6.1.1.3 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. 

4-6.1.1.4 Pressure regulators shall be compatible with the 
gas for which they are used. 

4-6.1.1.5 Piping systems shall not be used for gases other  
than those for which they are designed and identified. 

Exception: I f  a system is to be converted 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 when oil, grease, or other readily oxidizable 
materials are present; and pressure tested in accordance with the 
appropriate piping standard. Each outlet of such a system shall be 
identified by chemical name and specifically converted for use with 
the successor gas. 

4-6.1.2 Dis t r ibut ion - -  Level 4. 

J 4-6.1.2.1" Piping systems for fuel gases, such as manufac- 
tured  gas, natural  gas, and LP-Gas, shall comply with 
NFPA 54, National Fuel Gas Code, and NFPA 58, Standard 

for the Storage and Handling of Liquefied Petroleum Gases. 

4-6.1.2.2 Piping systems for gaseous hydrogen shall com- 
ply with NFPA 50A, Standard for Gaseous Hydrogen Systems at 
Consumer Sites. 

4-6.1.2.3 Piping systems for nonflammable gases shall com- 
ply with Level 1 gas systems as specified in this chapter. 

4-6.1.2.4 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. 

4-6.1.2.5 Supply and discharge terminals of  piping sys- 
tems shall be legibly and permanent ly  marked at both ends 
with the name of the gas piping, after testing, to establish 
their content and continuity. 

J 4-6.2 Piped Vacuum Systems --  Level 4. 

4-6.2.1 Source. (Reserved) 

4-6.2.2* Dis t r ibut ion .  Where  only one set of  vacuum 
pumps is available for a combined medical-surgical vacuum 
system and an analysis, research, or teaching laboratory 
vacuum system, such laboratories shall be connected sepa- 
rate  from the medica l -surgica l  system direct ly  to the 
receiver tank through its own isolation valve and fluid trap 
located at the receiver. Between the isolation valve and 
fluid trap, a scrubber shall be permit ted to be installed. 

J 4-6.3 Piped WAGD Systems --  Level 4. (Reserved) 

4-6.4 Performance Criteria and Testing --  Level 4 (Gas, 
Vacuum, WAGD). 

4-6.4.1 Piped Gas Systems --  Level 4. Piped gas systems 
(Level 4) shall be tested in accordance with 4-3.4.1. 

4-6.4.2 Piped Vacuum Systems --  Level 4. (Reserved) 

4-6.4.3 WAGD Systems --  Level 4. (Reserved) 

J 4-6.5 Administration --  Level 4. (Reserved) 
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Chapter  5 E n v i r o n m e n t a l  S y s t e m s  

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 envi ronmenta l  systems used 
within health care facilities. 

5-2 Nature of Hazards. (See Sections 3-2 and 8-2 for infor- 
mation on hazards.) 

5-3 Source. 

5-3.1 Air exhausted from laboratory areas shall not be 
recirculated 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 
Ventilating Systems, and NFPA 90B, Standard for the Installa- 
tion of Warm Air Heating and Air Conditioning Systems. 

] 5-4.1" Ventilation --  Anesthetizing Locations. 

5-4.1.1 The  mechanical  venti lation system supplying 
anesthetizing locations shall have the capability of control- 
ling the relative humidity at a level of 35 percent  or 
greater. 

NOTE: Advantages claimed for humidity include avoid- 
ance of hypothermia in patients, especially during long 
operative procedures; the fact that floating particulate nmt- 
ter increases in conditions of low relative humidity; and the 
fact that the incidence of wound infections may be mini- 
mized 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 tbr anesthetizing locations 
shall be provided that automatically (a) prevent recircula- 
tion of smoke originating within the surgical suite and (b) 
prevent  the circulation of smoke en te r ing  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 
conditioners) are permitted to be installed in exterior win- 
dows or exterior walls of anesthetizing locations (see also 
2-3.4 and 2-3.5 in Annex 2). Where  such uni ts  are 
employed, the provisions of 5-4.1.1 shall be met. 

5-4.1.6 Systems that capture or dispose of waste anes- 
thetic gases, if installed, shall prevent their reentry into the 
facility. 

5-4.2 Ventilation --  Laboratories. 

5-4.2.1" Laboratories provided with mechanical ventila- 
tion 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 are permitted to be arranged for slight positive pres- 
sure when the safety of the arrangement is affirmed by a 
responsible laboratory official. 

5-4.2.2 Exit corridors shall not be used as plenums to 
supply or exhaust air from laboratory areas. 

5-4.2.3 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 
fans should be installed outdoors, and not inside penthouses 
or other mechanical equipment enclosures that have to be 
frequented by maintenance and service personnel. 

5-4.3 Hood --  Laboratories. 

5-4.3.1" Fume hood and biological safety cabinet require- 
ments shall comply with NFPA 45, Standard on Fire Protec- 
tion for Laboratories Using Chemicals. 

5-4.3.2 Fume hoods shall be located in areas of min imum 
air turbulence, away from doors and windows, and in a 
manner  that will not impede access to egress. 

5-4.3.3 Fume hoods intended for use with radioactive iso- 
topes shall be constructed of stainless steel or other mate- 
rial suitable for the particular exposure. 

NOTE: See NFPA 801, Recommended Fire Protection Practice 
for Facilities Handling Radioactive Materials, for related in- 
tbrmation. 

5-4.3.4 Fume hood vent i la t ing 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 annually 
by a qualified person who shall certify the result of the test. 

NOTE: The qualified person can be a staff member of the 
facility. 

5-4.3.5 Fume hoods shall be so designed that the face 
velocity ventilation is adequate to prevent the backflow of 
contaminants into the room, especially in the presence of 
cross drafts or the rapid movements of an operator work- 
ing at the face of the hood. 

5-4.3.6 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 legibly 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 
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be continually operat ing dur ing  surgical procedures  (see 
A-5-4.1). 

5-6.1.2 All gas storage locations or manifold enclosures 
shall be routinely inspected to ensure that the ventilation 
requirements  stated in 4-3.1.1.2(b) and 4-3.1.1.2(c) 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, access points, and filter locations. 

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 Flammabil i ty .  (Reserved) 

6-2.2 Combustible Loading. 

J6-2 .2 .1  Flammable  Agents .  Faci l i ty  a d m i n i s t r a t i v e  
authorities, in consultation with the medical staff and oth- 
ers with training and expertise, shall de termine  the ade- 
quacy of  storage space for disinfecting agents and medica- 
ments (see NFPA 30, Flammable and Combustible Liquids Code 
and NFPA 45, Standard on Fire Protection for Laboratories 
Using Chemicals, for storage cabinet requirements) and shall 
provide and enforce regulations for the storage and han- 
dling of containers of such agents. Said regulations also 
shall provide for the periodic inspection and maintenance 
of  said storage locations. 

6-2.3 Toxic i ty  of  Products  of  Combustion.  Many sub- 
stances, when subjected to a fire, unde rgo  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, cardio- 
vascular collapse, and severe injury or death,  even though 
the person injured is relatively remote from the fire. These 
combustion products  have been found to cause injury after 
passing through halls, ventilating systems, and even electri- 
cal conduit. 

6-2.4 Chemical Burns. (Reserved) 

6-2.5 Safety. (Reserved) 

6-2.6 Radioactivity.  (Reserved) 

6-3 Source. (Reserved) 

6-4 Distr ibut ion.  (Reserved) 

6-5 Performance Criteria and Testing. (Reserved) 

6-6 Adminis t ra t ion.  (Reserved) 
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Chapter 7 Electrical Equipment  

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 fimctions poorly can be dangerous,  quality and assur- 
ance of  full appliance performance is not covered except as 
it relates to direct electrical or fire injury to patients or 
personnel.  

7-1.3 This chapter  does not require formal approval  or  
listing of any appliance. 

7-1.4 Experimental  or research apparatus  built to o rder  
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 1: This section (7-2) is intended to be informational. 

NOTE 2: See also Section 3-2 for related electrical hazards. 

7-2.1 Fire and Explosion. Transmission of electricity gen- 
erates 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 explosions. Use of oxygen 
or other oxidizing agents lowers ignition temperatures. Nor- 
real operating temperatures of equipment not designed for 
use in oxygen-enriched atmospheres can cause fires if used in 
oxygen-enriched atmospheres. 

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 improper ly  employed elec- 
trical equipment  (see 7-2.2.2) and to avoid the use of defec- 
tive 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 
3-3.3.2 and 7-5.1.2.2). 

7-2.2.2 Effects of Moisture. Moisture, in the form of  liq- 
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.  (See 3-3.2.1.2(f), Wet Locations.) 

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 helpless. 

7-2.3.2 High-frequency electromagnetic  fields, particu- 
larly 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 
1, The  Safe Use of  High-Frequency Electricity in Health 
Care Facilities. 

7-2.4 Interruption of Power. (Reserved) 

7-2.5 RF Interference.  (See Annex I, 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 Distr ibution.  (Reserved) 

7-5 Performance Criteria and Testing. 

7-5.1 Patient-Care-Related Electrical Appliances and 
Equipment. 

7-5.1.1 Permanently Connected (Fixed). 

7-5.1.1.1 Grounding of Appliances. Patient-connected 
electric appliances shall be g rounded  to the equipment  
grounding bus in the distribution panel by an insulated 
grounding conductor  run with the power conductors. 

7-5.1.2 Cord- and Plug-Connected (Portable). 

7-5.1.2.1 Gene ra l .  All pa t i e n t - c a r e - r e l a t e d  electr ical  
equipment  supplied by a flexible cord and plug, carrying 
20 V or more, shall meet the requirements  of  7-5.1.2. 

7-5.1.2.2 Grounding of Appliances. All cord-connected 
electrically powered appliances used in the patient care 
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. 

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 
facility shall meet the requirements  of 9-2.1.2.2. 

7-5.1.2.5 Line Voltage Equipment -- Anesthetizing 
Locations. 

(a) Portable equipment  shall be provided with a storage 
device for its flexible cord. 

(b) Flexible cord for portable lamps or portable electric 
appliances operat ing at more than 12 volts between con- 
ductors, intended for use in anesthetizing locations, shall 
be continuous and without switches from the appliance to 
the at tachment 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 
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extra insulated 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 suit- 
able insulating grommet. The flexible cord shall be of suf- 
ficient 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  m a i n t e n a n c e  of adapters ,  the provisions of 
7-6.2.1.5 shall apply. 

Exception No. 1: Foot-treadle-operated controllers are permitted 
in any anesthetizing location if  appended to portable electric appli- 
ances in an approved manner. Foot-treadle-operated controllers 
and their connector shall be splashproof. 

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 
(e.g., nameplates, screws) shall not be required to be grounded. 

Exception No. 4: Two or more power receptacles supplied by a 
flexible cord are permitted to be used to supply power to plug- 
connected components of a movable equipment assembly that is 
rack-, table-, or pedestal-mounted provided: 

(a) The receptacles are an integral part of the equipment 
assembly, permanently attache& 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 accor- 
dance with the current edition of NFPA 70, National Electrical 
Code; and 

(d) The electrical and mechanical integrity of the assembly is 
regularly verified and documented through an ongoing mainte- 
nance program. 

NOTE: See 3-3.2.1.2(d)4 for criteria of receptacles. 

Exception No. 5: Overhead power receptacles are permitted to 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 receptacle combina- 

tion, or other method of retention. In either connection mode, suit- 
able strain relief shall be provided. 

NOTE 1: The disconnection means is permitted only to 
facilitate replacement; as such, ceiling drop cords may not 
be disconnected for alternative usage. 

NOTE 2: See 3-3.2.1.2(d)4 for criteria of receptacles. 
I 

7-5.1.2.6 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 Physical Integri ty.  The physical integrity of 
the power cord and attachment plug and cord-strain relief 
shall be confirmed by visual inspection or other appropri- 
ate tests. 

7-5.1.3.2" Resistance. The resistance between the appli- 
ance chassis, or any exposed conductive surface of the 
appliance, and the ground pin of the attachment plug shall 
be measured. The resistance shall he less than 0.50 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 dur ing the resistance measurement. This 
measurement  shall apply only to appliances that are used 
in the patient care vicinity. (See Appendix A-7-5.1.3.2for sug- 
gested test methods.) 

Exception: The requirement does not apply to escutcheons or 
nameplates, small screws, etc., that are unlikely to become ener- 
gized. 

7-5.1.3.3" Leakage Current Tests -- General. The fol- 
lowing requirements shall apply to all tests. 

(a) Resistance Test. The resistance tests of 7-5.1.3.2 shall 
be conducted before under tak ing  any leakage cur ren t  
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  
limits stated in 7-5.1.3.4, 7-5.1.3.5, and 7-5.1.3.6 shall be 
rms values for dc and sinusoidal waveforms up to 1 kHz. 
For frequencies 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 by the frequency, in kHz, up to a max- 
imum of 10 mA. 

NOTE 1: The limits for nonsinusoidal periodic, modu- 
lated, and transient waveforms remain to be determined. 

NOTE 2: For complex leakage-current waveforms, a sin- 
gle reading from an appropriate metering system can rep- 
resent the physiologically effective value of the composite 
waveform, provided that the contribution of each compo- 
nent to the total reading is weighted in accordance with 
7-5.1.3.3(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 char- 
acteristic 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 in 
the position shown in Table 7-5.1.3.3(d), and with all oper- 
ating controls in the position to cause maximum leakage 
current  readings. 

7-5.1.3.4 Chassis Leakage Current, Fixed Equipment. 
Permanently wired appliances in the patient care 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. 
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Table 7-5.1.3.3(d) 

Power Switch Setting 
Par. No. On and Off On 

7-5.1.3.4 X 
7-5.1.3.5 X 
7-5.1.3.6(a) 
7-5.1.3.6(b) 
7-5.1.3.6(c) X 
7-5.1.3.6(d) 
7-5.1.3.6(e) 

X 
X 

X 
X 

7-5 .1 .3 .5  C h a s s i s  Leakage  Current ,  Por tab le  E q u i p m e n t .  

(a) The  leakage current  for cord-connected appliances 
shall be measured.  The  limit shall be 300 microamperes.  
Figure 7-5.1.3.5 shows one method of  performing this test. 

I f  mult iple  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 
separated into groups according to their  power supply 
cord and the leakage current  shall be measured indepen-  
dently for each group as an assembly. 

Exception: Where existing or special equipment (such as mobile 
X-ray machines) exhibit chassis leakage current between 300 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 ensure 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, methods to reduce leakage cur- 
rent, such as the addition of a small isolation transformer to 
that device, or methods to provide equivalent safety by adding 
redundant equipment ground are permissible. 

This connection is at Appliance power switch 
service entrance or (use both "off" and "on" positions) 
on the supply side of \ 
a separately derived \ Appliance 
system 

N(black) ( "  I '~ - - - I  

120v1 _ _ "  n IL~2! = = ,  
~, _ n (white) . I ~ - ~ ' ¢ ~ ' ~ " ~  ""T~ ~ I 

~ / ~ k  ~_ " ~  ~ - ~  ' - - ~ J  
(g r ee'~n ~ ' - - ~ - - ~ - ~ ' ~ (  ~ . ~  

Buildinglil inq I\~__L ~ L ~ ( ~ . o  o . } . . . ~ 1  J Insulating surface I 
grouno =- / ~ ' 

Current N = Hot 
Grounding contact switch meter N = Neutral (grounded) 
(use in "open" position) G = Grounding conductor 

Figure 7-5.1.3.5 Test circuit for measuring chassis leakage current. 

(b) Measurements  shall be made with the appl iance 
g round  b roken  in two modes  of  appl iance  opera t ion:  
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 redundan t  ground-  
ing (e.g., permanent ly  fastened to the grounding system), 
the chassis leakage current  test shall be conducted with the 
r edundan t  grounding intact. 

7-5 .1 .3 .6  Lead  Leakage  Current  Tes t s  and  Limits ,  Porta-  
b le  E q u i p m e n t .  

(a) Lead to Ground (Nonisolated Input). The leakage cur- 
rent  between all pat ient  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 exam- 
ple of an acceptable test configuration. The  leakage cur- 
rent shall not exceed 100 microamperes for ground wire 
open and closed. 

Patient lead selector Patient 
This connection is at switch (if any) . . .  connected 
service entrance or (actuvated as requlre?) leads / 
on the supply side of ~ .  / 
a separately derived Appliance power switch ~ 
system (closed) ~ Appliance I / 

N 1 2 0  V/  - -  u~(-J-~o-I- $ o i  
~ N(white) . [ - - - .~ - - - .~ -~o , t E . ~ O J l _ l  i 

- " ~  ~ t-- caj I I - -  

G (green)  e',l Building i Insulating surfa ce I I 
gr°un°  -----~- / L . ( _ ~  " I 

/ 
Grounding contact switch Current H = Hot 
(use in both "open" and meter N = Neutral (grounded) 
"closed" positions) G = Grounding conductor 

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 
connected normally and the device on. Figure 7-5.1.3.6(b) 
is an example of an acceptable test configuration. The  leak- 
age current  shall not exceed 10 microamperes with the 
ground intact and 50 microamperes with the ground open. 

Patient lead selector 
This connection is at switch (if any) 
service entrance or (activated as required) Patient 
on the supoly side of \ 
a separately derived Appliance power switch ~ leaos 
system (closed) ~ Appliance I / 

- -  k - -  -- \ I ,  / 
120v/  _ _ .  N I _]~_', ~'5,LO10-~ 41 

N (white) t ~ , e - - : - - t - o  ~ o--_ oL,- ,~, . , j . .=.  

Buildin Insulating surface I (green) 

g - ~ / 

Grounding contact switch Current H = Hot 
(use in both "open" and meter N = Neutral (grounded) 
"closed" positions) G Grounding conductor 

Figure 7-5.1.3.6(b) Test circuit for measuring leakage current between 
patient leads and ground (isolated). 

(c) Isolation Test (Isolated Input). The  cur ren t  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 accordance with Figure 7-5.1.3.6(c). The  leakage current  

I shall not exceed 50 microamperes in each case. The test is 
made with the appliance's normal patient cables. 

Suitable safety precautions (such as including a resis- 
tance in series to limit the current,  insulation of the meter, 
and a momentary  switch) shall be taken to protect the 
opera tor .  In appliances without a power cord or  with 
ungrounded ,  exposed conductive surfaces, measm'ements 
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Current Patient lead selector 
meter switch (activated as 

=200.000 ohms : required) 

This connection is at Appliance power switch 
service entrance or (use in both "off" and ~'l- 
on the supply side of "on" positions) Momentar~ / 
a separately derived system ~ Appliance switch 

H (black) lx,,~ - - -  .I. [ 

120 V N : ~ ~ .LO~ " ~  

\ / - - - - l k - - - - ' ~  ~ . _ ~ ,  ,__o~ I \  
v I \ G (green) I i i Patient 

Building_L ~ ~  I Insulating surface I leads 
grouno ----. 

H = Hot 
N = Neutral (grounded) 
G = Grounding conductor 

Figure 7-5.1.3.6(c) Test circuit for measuring the electrical isolation of 
isolated patient leads. 

shall be made with the exposed conductive surfaces tempo- 
rarily grounded.  I f  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 Surfaces, that is also temporari ly  grounded.  

Only isolated patient leads shall be connected to intrac- 
ardiac catheters or electrodes. 

(d) Between Leads (Nonisolated Input). The leakage cur- 
rent  between any one lead (not ground)  and each other  
lead shall be measured.  Figure 7-5.1.3.6(d)/(e) is an exam- 
ple of  an acceptable test configuration. The  leakage cur- 
rent  shall not exceed 50 microamperes  for the ground  wire 
open and closed. 

Patient lead selector 
switch (activated as Patient connected 

This connection is at required) ~ leads (grouped 
service entrance or ~ and connected 
on the supply side of Appliance power switch ~ as required) 
a separately derived (closed) \ . .. ~ ] 
system ~ /*ppllance I / 

\ N (black) I . . . .  ~, I 

120V N ' $ = 

I \ G  (green) / - -  ' . l ~¢C '3J  
Building I x - - - ( ( " - - ' o ]  i 'O- -J  [ Insulating surface I 
ground =--'- / ' Current meter 

(note text 
Grounding contact switch H = Hot requirements) 
(use in both "open" and N = Neutral (grounded) 
"closed" positions) G = Grounding conductor 

Figure 7-5.1.3.6(d)/(e) Test circuit for measuring leakage current 
between patient leads (nonisolated and isolated). 

(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 
not exceed 10 microamperes  with the ground intact and 50 
microamperes  with the ground  open. 

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. The  leakage cur ren t  for 
facility-owned appliances (e.g., housekeeping or mainte- 
nance appliances) that are used in a patient care vicinity 

and are likely to contact the patient shall be measured.  The  
leakage current  shall be less than 500 microamperes.  

Household or office appliances not commonly equipped 
with grounding  conductors  in their power cords shall be 
permit ted provided they are not located within the patient 
care vicinity. For  example ,  electric typewriters ,  pencil  
sharpeners,  and clocks at nurses' stations, or electric clocks 
or TVs that are normally outside the patient care vicinity 
but  might be in a patient 's room, shall not be required to 
have grounding  conductors in their  power cords. 

7-5.2.2.2* Laboratory. 

(a) Portable equipment  intended for laboratory use shall 
be g rounded  or otherwise a r ranged  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 overtem- 
perature-l imit  controls so ar ranged that thermostatic fail- 
ure will not result in hazardous temperatures.  When such 
equipment  is intended for use with flammable or combus- 
tible liquids, its electrical components  shall be explosion- 
proof, intrinsically safe, or  ventilated in a manner  that will 
prevent  accumulat ion of  f lammable a tmospheres  under  
normal conditions of operation.  

(c) Hea t ing  equ ipmen t  equ ipped  with fans shall be 
a r ranged  with an interlock a r ranged  to disconnect  the 
heating elements when the fan is inoperative, unless the 
fan is not essential to safe operation.  

(d)* Electrical equipment  intended for use in laborato- 
ries shall meet the requirements  of NFPA 45, Standard for 
Laboratories Using Chemicals. 

7-6 Administration. 

7-6.1 Responsibil it ies  of  Governing Body. (Reserved) 

7-6.2 Policies.  

7-6.2.1 General. 

7-6.2.1.1 Medical and surgical electrical instrumentat ion 
and monitoring devices, as well as all electric appliances 
used for the care and enter ta inment  of the patient, pur-  
chased or otherwise acquired for use by the facility (e.g., 
leased, donated,  constructed on-site, loaned, etc.), shall 
meet the safety performance criteria of 9-2.1, Patient-Care- 
Related Electrical Appliances, in Chapter  9, Manufacturer  
Requirements. 

7-6.2.1.2 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 used in patient care areas shall be 
tested in accordance with 7-5.1.3 or 7-5.2.2.1 before being 
put  into service for the first time and after repair  or  mod- 
ification. Patient-care-related electrical appliances shall be 
retested at intervals de termined 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. I: The testing intervals listed are intended to be 
nominal values, and facilities shall be permitted to adopt a proto- 
col using either longer or shorter intervals provided that there is a 
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documented justification based on previous safety testing records 
for the equipment in question, unusually light or heavy utilization, 
or similar considerations. 

Exception No. 2: Facility-owned household or other appliances 
that are used in the patient care vicinity, but that are not intended 
to contact the patient, shall be tested at intervals deemed appropri- 
ate by the facilitv. Some equipment in this category requires only an 
infrequent visual inspection. The facility shall be permitted to 
structure a testing protocol and frequency for some equipment that 
might be more limited 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 modifications that 
might have compromised the patient lead leakage current. 

Exception No. 4: After the installation of fixed equipment, it 
shall be tested periodically in accordance with 3-3.3.2.3, and meet 
the following criteria: 

(1) 500 mV for general care areas. 

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

(2) 40 mV for critical care areas. 

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

7-6.2.1.3 Protection of Patients with Direct Electrical 
Pathways to the Heart. Only equipment  that is specifi- 
cally designed for the purpose,  i.e., provided with suitable 
isolated patient leads or connections (see 9-2.1.12, Direct 
Electrical Pathways to the Heart), shall be connected directly 
to electrically conductive pathways to a patient 's  heart. 
Such electrically conductive pathways include intracardiac 
electrodes such as implanted pacemaker  leads and guide 
wires. The  facility shall have a policy that prohibits the use 
of  ex terna l  cardiac pacemakers  and pacing leads with 
external  terminals that are not proper ly  protected from 
potentially hazardous contact with conductive surfaces. 

7-6.2.1.4 Controls.  Electrical appliance controls (such as 
bed controls ,  pillow speakers ,  television controls,  and  
nurse-call controls) that do not meet the minimum require- 
ments of 9-2.1, Patient-Care-Related Electrical Appliances, 
shall be mounted  so that they cannot be taken into the bed. 

Exception: Existing low-voltage controls nsed in general patient- 
care areas. 

7-6.2.1.5 Adapters and Extension Cords. Adapters  and 
extension cords shall be permit ted to be used. The wiring 
shall be tested for physical integrity, polarity, and continu- 
ity of grounding at the time of assembly and periodically 
thereafter.  Adapters  and extension cords shall meet the 
requirements  of 7-5.1.2.6. 

Exception: Three-to-two-prong adapters shall not be permitted. 

7-6,2.1.6 Appliances Intended to Deliver Electrical 
Energy. Electrical-energy-delivering appliances shall con- 
form to the leakage, grounding,  and other  requirements of 
this chapter  when powered, but not delivering energy. 

NOTE 1: When delivering energy, such appliances may 
deviate from these requirements only to the extent essential 
for their intended clinical function. 

NOTE 2: Appliances that intentionally or that can inad- 
vertently apply electrical energy to the patient or to compo- 
nents 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 
procurement  authority shall include in its purchasing doc- 
uments any appropr ia te  requirements or conditions specif- 
ically related to the facility's use of the appliance, includ- 
ing, but  not restricted to, the following: 

(a) T h e  type  o f  a p p l i a n c e  l i s t ing  or  ce r t i f i ca t ion  
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  envi ronmenta l  condit ions (such as high 
humidity, moisture, salt spray, etc.), and 

(e) The  type of  electric power system (i.e., g rounded  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 might wish to reference compliance with 
this chapter and Chapter 9 on its purchasing document. 

7-6.2.1.8" Manuals for Appliances. Purchase specifica- 
tions shall require the vendor  to supply suitable manuals 
for operators  or users upon delivery of the appliance. The 
manuals shall include installation and operat ing instruc- 
tions, inspection 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 demonstra ted as a 
complete system, after installation, by the vendor  desig- 
nated to assume system responsibility, and pr ior  to accep- 
tance of the system by the facility. The  vendor  shall dem- 
o n s t r a t e  the  o p e r a t i o n  of  the  sys tem and  p r o v i d e  
appropr ia te  initial instruction to operators  and mainte- 
nance 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  
provided by the manufacturer  shall be used in the mainte- 
nance 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 
equipment  shall be clean, free of oil and grease, and not 
used for the repair  of other equipment.  
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7-6.2.2.4 Defective electrical apparatus shall be tagged and 
repaired or discarded. 

NOTE: Administrative vigilance is required to monitor the 
use of portable electric equipment and appliances, such as 
electric drills, of a type unsuitable for use in anesthetizing 
locations. 

7-6.2.2.5 Administrative vigilance shall be exercised to 
monitor the use of  appliances and portable electrical equip- 
ment, such as drills, that can cause electrical interference 
during operative procedures. 

7-6.2.3 During Surgery. 

7-6.2.3.1 Active electrodes or other applicators of  electro- 
surgical devices shall be properly secured, as recommended 
by the manufacturer of  the device, when not in active use. 
This includes, but is not limited to: electrosurgical devices, 
surgical lasers, electrocautery, and fiberoptics. 

7-6.2.3.2 The cable that provides power from the electro- 
surgical generator to the active electrode shall be discon- 
nected from the generator when contamination occurs. 

7-6.2.4 During Administration of Respiratory Therapy. 

7-6.2.4.1 Electrical equipment  used within the site of  
intentional 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 
control or signal leads shall be required to comply with this 
section. 

NOTE: For further information, see manufacturer require- 
ments for equipment used within the site of intentional 
expulsion in 9-2.1.9.3. 

Exception: Small (less than 2 W), hermetically sealed heating ele- 
ments such as light bulbs. 

] 7-6.2.4.2* Electrical equipment used within oxygen deliv- 
ery equipment shall be listed for use in oxygen-enriched 
atmospheres, or sold with the intent to be used in oxygen- 
enriched atmospheres. 

I NOTE: For further information, see manufacturer require- 
ments for equipment used in oxygen delivery equipment in 
9-2.1. 

7-6.2.4.3 When high-energy-delivering probes (such as 
defibrillator paddles) or other electrical devices that do not 
comply with 7-6.2.4.1 are deemed essential to the care of  an 
individual patient and must be used within a site of  adminis- 
tration 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. 

7-6.2.5 Laboratory. 

7-6.2.5.1" The laboratory shall establish policies and pro- 
tocols for the type of  test and intervals of testing for each 
appliance. 

7-6.2.5.2* The physical integrity of  the power cord and 
attachment plug and cord strain-relief shall be confirmed at 
least annually by visual inspection and other appropriate 
tests. 

7-6.3 Recordkeeping. 

7-6.3.1 Patient Care Appliances. 

7-6.3.1.1 Instruction Manuals. A p e r m a n e n t  file o f  
instruct ion and main tenance  manuals  as described in 
9-2.1.8.1 shall be maintained and be accessible. It shall pref- 
erably be in the custody of the engineering group responsi- 
ble for the maintenance of  the appliance. Duplicate instruc- 
tion manuals shall be available to the user. Any safety labels 
and condensed operating instructions on an appliance shall 
be maintained in readable 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. 

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 
maintenance of electric appliances, including physicians, 
nurses, nurse aids, engineers, technicians, and orderlies, 
shall be cognizant of  the risks associated with their use. To 
achieve this end the hospital shall provide appropriate pro- 
grams of  continuing education for its personnel. 

This program shall include periodic review of  manufac- 
turer's safety guidelines and usage requirements for electro- 
surgical units and similar appliances. 

7-6.5.2 Personnel involved in the use of energy-delivering 
devices, including, but not limited to, electrosurgical units, 
surgical lasers, electrocauterizers, and fiberoptics, shall 
receive periodic training in fire suppression. 

7-6.5.3 Equipment shall be serviced by qualified personnel 
only. 
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Chapter 8 Gas Equipment  

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 
Chapter 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 
anesthesia, are strong oxidizing gases and individually or 
as a mixture support  combustion quite readily. 

8-2.1.1.2 Inhalation gases or vapors introduce fire, chem- 
ical, mechanical, and electrical hazards that are all interre- 
lated. Any mixture of inhalation gases will support combus- 
tion. In an oxygen-enriched atmosphere, materials that are 
flammable and combustible in air ignite more easily and 
burn  more vigorously. The materials that might be found 
on or near patients include hair oils, oil-based lubricants, 
skin lotions, clothing, linens, paper, rubber, alcohols, ace- 
tone, and some plastics. 

8-2.1.1.3 A hazard exists if any of the components of an 
oxygen or nitrous oxide supply system become contami- 
nated with oil or grease. 

8-2.1.1.4 Sources of ignition can include open flames, 
burn ing  tobacco, electric heating coils, defective electrical 

• equipment, 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 
generation of high-energy static charges. Until more expe- 
rience is obtained, it is advisable that carpeting not be used. 

NOTE 2: Sudden compression or recompression of a gas 
to high pressure call generate large increase in temperature 
[np to 2000°F (1093°C)] that can ignite any organic material 
present, including grease. (See also NFPA 53, Guide on Fire 
Hazards i~t 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 
atmosphere. 

8-2.1.1.6 A hazard exists if improper  components  are 
employed to connect equipment  containing pressurized 
oxygen 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 
oxygen or other oxidizing agents, and a source of ignition. 
Combustible materials may be unavoidably present when 
oxygen is being administered, but flammable liquids and 
gases and ignition sources are avoidable. 

(a) 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 might 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 arti- 
cles, gas-supply and suction tubing, cyclopropane, ether, 
alcohols, and acetone. 

[ 8-2.1.2.3 A particular hazard exists when oxygen equip- 
ment becomes contaminated with oil, grease, or other com- 
bustible materials. Such contaminants will ignite readily 
and burn  more rapidly in the presence of high oxygen 
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-enr iched  atmospheres  may exist in the 
immediate vicinity of all oxygen administration equipment. 
(See definition 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 atmo- 
sphere within the vicinity of the containers. 

(c) If oxygen is supplied by a container that stores the 
oxygen 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 con- 
fined space [see 4-3.1.1.2(a)9]. 

8-2.1.2.4 Sources of ignition include not only the usual 
ones in ordinary atmospheres, but others that become sig- 
nificant hazards in oxygen-enriched atmospheres [see 
8-2.1.2.1(a)]. 

(a) Open flames, burning  tobacco, and electric radiant 
heaters are sources of ignition. 

(b) The discharge of a cardiac defibrillator can serve as 
a source of ignition. 

(c) Arcing and excessive tempera tures  in electrical 
equipment  are sources of ignition. Electrically powered 
oxygen apparatus and electrical equipment intended for 
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use in an oxygen-enriched atmosphere are sources of  igni- 
tion if electrical defects are present. 

(d) Electrical equipment  not conforming to the require- 
ments of  7-6.2.4.1, which can 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 in t roduced into an oxygen-enr iched atmo- 
sphere (see 7-6.2.4.1). 

(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 alcohols, acetone, oils, greases, or  
lotions) are not present. 

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 carpeting 
in patient care areas of hospitals is a relatively new innovation. 
It is recognized that some carpeting contributes to the genera- 
tion of significant static charges on personnel. Until more expe- 
rience 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 ren- 
der them permanently antistatic. 

(f) Rapid opening  of cylinder valves can cause sudden 
increase in downs t r eam gas p ressure  and t e m p e r a t u r e  
caused by the adiabatic heat of  recompression with conse- 
quent ignition 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 
presence of  residual sterilant in high-pressure equipment.  

8-2.2.1.2 Some brea th ing  mixtures  may decompose  in 
contact with hot surfaces and produce toxic or  flammable 
substances (see 8-6.2). 

8-2.2.1.3 Smoldering combustion of flammable substances 
can occur with the product ion 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. I f  the valve of  a cylinder is struck (or 
strikes something else) hard enough to break off the valve, 
the contents of  the cylinder might be discharged with suffi- 
cient force to impar t  dangerous reactive movement  to the 
cylinder. 

8-2.3.2 During Respiratory Therapy Administration. 

8-2.3.2.1 Mechanical Hazards. 

(a) Cylinders and containers can be heavy and bulky and 
can cause personal injury or proper ty  damage (including to 
the cylinder or  container) if improper ly  handled.  

(b) In cold climates, cylinders or containers stored out- 
d o o r s  o r  in u n h e a t e d  v e n t i l a t e d  r o o m s  can  b e c o m e  
extremely cold [see 4-3.5.2.1(b)30 and 4-3.5.2.1(b)31]. A haz- 
ardous situation could develop if these cylinders or contain- 
ers are heated [see 4-3.5.2.1(b)29]. 

8-2.3.2.2 I m p r o p e r  maintenance, handling, or  assembly of  
equipment  can result in personal  injury, proper ty  damage,  
or fire. 

8-2.3.2.3 A hazardous condition exists if cylinders or con- 
tainers are improper ly  located so that they can become over- 
heated or  t ipped over. I f a  container is t ipped over or placed 
on its side, liquid oxygen might 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 rel ief  devices, valves, 
and connections, are provided in equipment  and gas supply 
systems. 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 meter ing valves, are directly 
connec ted  to cyl inders  or  systems wi thout  a p ressure -  
reducing regulator.  

8 -2 .3 .2 .9  H a z a r d o u s  c o n d i t i o n s  a r e  c r e a t e d  w h e n  
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 Cy l inde r s  and  c o n t a i n e r s  shall  c o m p l y  with 
4-3.1.1.1(a). 

8-3.1.2 Cylinder valve outlet connections shall conform to 
CGA V-l ,  Standard for Compressed Gas Cylinder Valve Outlet 
and Inlet Connections (ANSI B57.1) ( includes P in - Index  
Safety System for medical gases). (See 4-3.1.1.1(a).) 

8-3.1.3 When  low-pressure  t h r e a d e d  connec t ions  are  
employed,  they shall be in accordance with the Compressed 
Gas Associat ion s t anda rd  for non in t e rchangeab le ,  low- 
pressure connections for medical gases, air, and suction, 
CGA Pamphlet  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 in tended for use in high- 
pressure service shall be listed for such service. 

8-3.1.6 Pressure - reduc ing  regula tors  shall be used on 
high-pressure cylinders to reduce the pressure to working 
pressures. 

8-3.1.7 A p p r o v e d  regula tors  or  o ther  gas-flow control  
devices shall be used to reduce the cyl inder  pressure  of  
every cylinder used for medical purposes. All such devices 
shall have connections so designed that they attach only to 
cylinders of  gas for which they are designated. 

8-3.1.8 Equipment that will permit  the intermixing of  dif- 
ferent gases, ei ther through defects in the mechanism or 
through error  in manipulat ion in any port ion of  the high- 
pressure side of any system in which these gases might 
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flow, shall not be used for coupling cylinders containing 
compressed gases. It is part icularly impor tan t  that the 
intermixing of  oxidizing and flammable gases under  pres- 
sure be scrupulously avoided. 

NOTE: Such mixing may result in a violent explosion. 

8-3.1.9 Cylinder valve outlet connections for oxygen shall 
be Connection No. 540 as described in CGA V-l ,  Standard 
for Compressed Gas Cylinder Valve Outlet and Inlet Connections 
(ANSI B57.1). 

8-3.1.10 Cylinder  valve outlet  connections for ni trous 
oxide shall be Connection No. 326 as described in CGA 
V-l,  Standard for Compressed Gas Cylinder Valve Outlet and 
Inlet Connections (ANSI B57.1). 

8-3.1.11 Storage Requirements. 

8-3.1.11.1 Storage for nonflammable gases greater  than 
3000 cu ft (85 m 3) shall  comply  with 4-3.1.1.2 and  
4-3.5.2.2. 

8-3.1.11.2 Storage for Nonf lammable  Gases less than 
3000 cu ft (85 m:~). 

(a) Storage locations shall be outdoors in an enclosure 
or  within an enclosed interior  space of noncombustible or 
l imited-combustible construction, with doors (or gates out- 
doors) that can be secured against unauthorized entry. 

(b) Oxidizing gases, such as oxygen and nitrous oxide, 
shall not be s tored with any flammable gas, liquid, or 
vapor. 

(c) Oxidizing gases such as oxygen and nitrous oxide 
shall be separa ted  from combust ibles  or  incompat ib le  
materials by either: 

1. A minimum distance of 20 ft (6.1 m); or  
2. A minimum distance of 5 ft (1.5 m) if the entire 

storage location is protected by an automatic sprinkler sys- 
tem designed in accordance with NFPA 13, Standard for the 
Installation of Sprinkler Systems; or 

3. An enclosed cabinet of  noncombustible construc- 
tion having a minimum fire protection rating of one-half  
hour  for cylinder storage. An approved flammable liquid 
storage cabinet shall be permit ted to be used for cylinder 
storage. 

(d) Liquefied gas container storage shall comply with 
4-3.1.1.2(b)4. 

(e) Cylinder and container storage locations shall meet 
4-3.1.1.2(a) 1 l e with respect to tempera ture  limitations. 

(f) Electrical fixtures in s torage locations shall meet 
4-3.1.1.2(a)1 ld.  

(g) Cyl inder  protect ion from mechanical  shock shall 
meet 4-3.5.2.1 (b) 13. 

(h) C y l i n d e r  o r  c o n t a i n e r  r e s t r a i n t  sha l l  m e e t  
4-3.5.2.1(b)27. 

(i) Smoking, open ttames, electric heating elements, and 
other sources of ignition shall be prohibited within storage 
locations and within 20 ft (6.1 m) of outside storage locations. 

(j) Cylinder valve protection caps shall meet 4-3.5.2.1(b)14. 

8-3.2 Generators .  (Reserved) 

8-3.3 Gas Systems. (See Chapter 4.) 

8-4 Distr ibution.  (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 supply 
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 authori ty having jurisdiction. 

(b)* Each yoke on anesthetic apparatus  constructed to 
permit  at tachment of small cylinders equipped with flush- 
type valves shall have two pins installed as specified in CGA 
V-1 (Pin-Index Safety System) (ANSI B57.1). 

(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 anes- 
thesia ventilator, or other  pneumatically powered device if 
one is present,  and before use on patients, the gas anesthe- 
sia apparatus  shall be tested at the final common path to 
the patient to determine that oxygen and only oxygen is 
del ivered 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 re turned  to ser- 
vice, each fitting and connection shall be checked to verify 
its p roper  indexing to the respective gas service involved. 

An oxygen analyzer, or a similar device, known to be 
accurate at 0 percent,  21 percent,  and 100 percent  oxygen, 
is a suitable test instrument (see Appendix C-12.2). 

(d)* Yoke-type connections between anesthesia appara-  
tus and flush-type cylinder valves (commonly used with 
anesthetic gas cylinders) shall be Connection No. 860 in 
accordance with CGA V-l ,  Compressed Gas Cylinder Valve 
Outlet and hdet Connections (ANSI B-57.1). 

8-5.1.2.2 Apparatus for Administering Respiratory Therapy. 

(a) Oxygen  tent  c i rcu la t ion /condi t ion ing  appara tus ,  
p r e s su re  b r e a t h i n g  a p p a r a t u s ,  and  o t h e r  e q u i p m e n t  
intended to rest on the floor shall be equipped with a base 
designed to render  the entire assembly stable dur ing  stor- 
age, transport ,  and use. If  casters are used, they shall con- 
form 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. 

(c) Equipment  suppl ied from cylinders or containers 
shall be designed and constructed for service at full cylin- 
de r  or  con ta ine r  p re s su re  or  cons t ruc ted  for use or  
equipped with pressure-reducing regulators. 
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(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 
medications, and shall permi t  observation of the liquid 
level and consistency. 

(e) Humidifiers and nebulizers shall be equipped with 
provisions for overpressure  re l ief  or  a larm if the flow 
becomes obstructed. 

(f) 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 Construct ion.  Carts and hand trucks for cylin- 
ders and containers shall be constructed for the intended 
purpose  and shall be self-supporting. They shall be pro- 
vided with appropr ia te  chains or stays to retain cylinders 
or containers in place. 

8-5.2.1.2 Use. Carts and hand trucks that are intended 
to be used in anesthetizing locations or  cylinder and con- 
tainer storage rooms communicat ing with anesthetizing 
locations shall comply with the appropr ia te  provisions of 
12-4.1. 

8-5.2.2 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 permit ted in the area of  administration. 

8-6.2.1.3 Patients and hospital personnel  in the area of 
administrat ion 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) Sparking toys shall not be permit ted into any pediat- 
rics nursing unit. 

NOTE: Such toys have been associated with fire incidents 
in health care facilities. 

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 admin i s te red  in oxygen-  
enriched atmospheres as outl ined in 8-2.1.2.3(a). 

8-6.2.2.2 Oil, grease, or other  flammable contaminants 
shall not be used with oxygen equipment.  

I 8-6.2.2.3 Flammable and combustible liquids shall not be 
permit ted within the site of intentional expulsion. 

I 8-6.2.3 Prevention of Chemical Breakdown. (Reserved) 

8-6.2.4 Servicing and Maintenance of Equipment. 

8-6.2.4.1 Defective e q u i p m e n t  shall  be immed ia t e ly  
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 
equipment  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  
provided by the manufacturer  shall be used in the mainte- 
nance of equipment.  

8-6.2.4.5 A scheduled preventive maintenance p rogram 
shall be followed. 

8-6.2.5 Gases in Cylinders and Liquefied Gases in Con- 
tainers. 

8-6.2.5.1 Transfilling Cylinders. 

(a) Mixing of compressed gases in cylinders shall be 
prohibited.  

(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 
Respiration. Transfer  of any gases from one cylinder to 
another  in patient care areas of health care facilities shall 
be prohibited.  

8-6.2.5.2 Transferring Liquid Oxygen. Transferr ing of 
liquid oxygen from one conta iner  to ano ther  shall be 
accomplished at a location specifically designated for the 
transferring that: 

(a) Is separated from any port ion of a facility wherein 
patients are housed, examined,  or treated by a separation 
of a fire barr ier  of  1 hour  fire-resistive construction; and 

(b) The  area is mechanically ventilated, is sprinklered,  
and has ceramic or  concrete flooring; and 

(c) The  area is posted with signs indicating that transfer- 
r ing is occurring, and that smoking in the immediate area 
is not permit ted.  

Transferr ing shall be accomplished utilizing equipment  
designed to comply with the performance requirements  
and producers  of CGA Pamphlet  P-2.6, Transfilling of Low- 
Pressure Liquid Oxygen to be Used for Respiration, and adher-  
ing to those procedures.  

The  use and operat ion of small portable liquid oxygen 
systems shall comply with the requirements  of CGA Pam- 
phlet  P-2.7, Guide for the Safe Storage, Handling and Use of 
Portable Liquid Oxygen Systems in Health Care Facilities. 

8-6.2.6 Ambulatory Patients. Ambula tory  patients on 
oxygen therapy,  whether in or out of a health care facility, 
shall be permit ted 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 
atmospheres shall be so labeled. 
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8-6.4.1.2 O x y g e n - m e t e r i n g  equ ipmen t  and pressure-  
reducing regulators shall be conspicuously labeled: 

OXYGEN --  USE NO OIL 

8-6.4.1.3 Flowmeters, pressure-reducing regulators,  and 
oxygen-dispensing appara tus  shall be clearly and perma- 
nently labeled, designating the gas or mixture of gases for 
which they are intended.  Apparatus  whose calibration or 
function is dependen t  on gas density shall be labeled as to 
the p roper  supply gas pressure (psig/kPa) for which it is 
intended.  

8-6.4.1.4 Canopies  or  enclosures in tended  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 

Exception: In health care facilities where smoking is prohibited 
and signs are prominently (strategically) placed at all major 
entrances, secondary signs with no-smoking language are not 
required. The nonsmoking policies shall be strictly enforced. 

8-6 .4 .1 .5  O x y g e n - m e t e r i n g  e q u i p m e n t ,  p r e s s u r e -  
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 
accordance with ANSI/CGA C-4, Standard Method of Mark- 
ing Portable Compressed Gas Containers to Identify the Material 
Contained. Color coding shall not be utilized as a pr imary 
method of de termining cylinder Or container content. 

8-6.4.1.7 All label ing shall be durab le  and withstand 
cleansing 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  administrat ion and in aisles and walkways leading to 
the area. They shall be attached to adjacent doorways or to 
bu i ld ing  walls or  be s u p p o r t e d  by o the r  a p p r o p r i a t e  
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 
rapidly in the presence of oxygen. No electrical equip- 
ment  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.  

Exception." In health care facilities where smoking is prohibited 
and signs are prominently (strategically) placed at all major 
entrances, secondary signs with no-smoking language are not 
required. The nonsmoking policies shall be strictly enforced. 

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 adminis te r ing  equip-  
ment  shall be closed prior  to connection and when not in 
use. 

8-6.4.3.2 Apparatus  shall not be stored or t ranspor ted  
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, meter- 
ing valves, regulators, and gauges shall not be connected 
directly to high-pressure cylinders unless specifically listed 
for such use and provided with appropr ia te  safety devices. 

8-6.4.3.5 Nasal respi ra tory  therapy catheters  shall be 
color coded green. Verification of  p roper  connection to 
oxygen therapy equipment  is necessary to prevent  acciden- 
tal at tachment 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: The application of requirements contained in this 
chapter for specific types of health care facilities can be 
found in Chapters 12 through 18. 

9-1 Scope. This chapter covers the performance, mainte- 
nance, and testing, with regard to safety, required of manu- 
facturers of equipment used within health care facilities. 

9-2 Electrical Equipment. 

9-2.1 Patient-Care-Related Electrical Appliances. 

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 
electrical appliances meeting these requirements; rather, it 
is the intent to encourage equipment manufacturers to con- 
duct the specified tests in order to ensure state-of-the-art 
electrical safety in their patient-care-related electrical appli- 
ances. Similarly, it is not the intent of the Technical Com- 
mittee to require health care facilities to conduct tests using 
these manufacturer requirements to verify that their 
patient-care-related electrical appliances are in conform- 
ance with the requirements of this chapter. In this respect, 
it is the intent of the Committee that health care facilities 
perform only those tests specified 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-con- 
nected circuits within an appliance shall be sufficiently sep- 
arated or insulated from all other circuits within the appli- 
ance to prevent 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 
appliance 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, and C73.46; and 410-56, 410-57, and 410-58 of 
NFPA 70, National Electrical Code.) 

Exception No. 1: Appliances used ~n special locations or for spe- 
cial purposes, equipped with plugs approved for the location [e.g., 
3-3.2.1.2(d)1. 

Exception No. 2: I f  the power cord of an appliance does not 
require and does not contain a grounding conductor, it shall not 
befitted with a grounding-type plug [see 9-2.1.2.2(e), Cords with- 
out Grounding 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 discon- 
nected from the receptacle. If screw terminals are used, the 
s t randed conductor  shall be twisted to prevent  stray 
strands, but the bundle  shall not be t inned 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 conductors 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 insu- 
lation. The strain relief of replaceable plugs shall be capa- 
ble of being disassembled. Plugs are permitted to be inte- 
grally 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 manufac- 
ture ,  when assembled into an appl iance ,  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 
particular 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 400-5(A) 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 Ser- 
vice" (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 
designation 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 can 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  
conductors  shall meet the resistance requ i rements  of 
9-2.1.13.2, Grounding  Circuit Continuity. 

Exception: A grounding conductor in the power cord need not be 
provided for listed double-insulated appliances, but such a 
grounding conductor shall be permitted to be used to ground 
exposed conductive 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  
conductor is the first to be connected and the last to be dis- 
connected. Cord-set plugs and receptacles at the appliance 
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shall be polarized in accordance with ANSI C73.13 and 
C73.17. 

Appliances with separable cord sets shall meet the 
grounding-wire- res is tance  requ i rements  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) Connection to Circuit and Color Codes. Power cords, 
regardless of whether intended for use on grounded or 
isolated power systems, shall be connected in accordance 
with the conventions of a grounded system. (See 200-2 
through 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 
connected to the ungrounded  conductor: the center con- 
tact of an Edison base lampholder; a solitary fuseholder; a 
single-pole, overcurrent-protective device; and any other 
single-pole, current- interrupt ing device. [See Exception No. 
2 to 210-5(b) of NFPA 70, National Electrical Code.] 

Exception: I f  a second fuseholder or other overcurrent-protective 
device is provided in the appliance, it shall be permitted to be 
placed in the grounded side of the line. 

(e) Cords without Grounding Conductors. If the power 
cord of an appliance does not require and does not contain 
a g r o u n d i n g  conductor ,  it shall not  be fitted with a 
grounding-type plug. 

(t) Testing. The wiring of each cord assembly shall be 
tested for continuity and polarity at the time of manufac- 
ture,  when assembled into an appl iance,  and  when 
repaired. 

(g) Cord Strain Relief. Cord strain relief shall be pro- 
vided at the attachment of the power cord to the appliance 
so that mechanical stress, either pull, twist, or bend, is not 
transmitted to internal connections. If the strain relief is 
molded onto the cord, it shall be bonded to the jacket and 
shall be of compatible 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 
associated primary wiring (other than the grounding con- 
ductor) shall be mounted and dressed to minimize the like- 
lihood of accidental electrical contact with the frame or 
exposed conductive parts of the appliance. 

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 graunding  conductor. 

NOTE 1: Size and location are the main criteria used in 
determining what is not likely to become energized and 
thus 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 sufficiently iso- 
lated from internal sources they need not be grounded. 

NOTE 2: Also, it is unnecessary for exposed conductive 
surfaces 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 maintain ground. 

9-2.1.3.3 Connection to Permit Replacement. The con- 
nection 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 reliable electrical connection is always maintained. 
The connection shall be arranged so that it will not be bro- 
ken dur ing 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 indi- 
cate that Fact. 

9-2,1.3.5 Connections with Grounding Conductor. Any 
component,  such as a filter or test circuit, within an appli- 
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. 

9-2.1.3.60vercurrent Protection. An overcurrent  pro- 
tective device shall be permitted to be placed in the attach- 
ment plug, the power cord, or in the main body of the 
appliance. 

NOTE: It is 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 pri- 
mary power-control switch. 

Exception: Listed insulated terminal blocks or strips, listed con- 
necting devices, and RFl filters for use on power systems shall be 
permitted 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 
control switch and overcurrent protective device shall be 
permitted to be combined into one component  provided it 
is identified to indicate the combined function. 

9-2.1.3.7 Primary Power-Control Switch. When a pri- 
mary power-control switch is provided on an appliance, it 
shall interrupt  all primary power conductors, including the 
neutral conductor. The grounding conductor shall not be 
interrupted by the switch. 

Exception: When the primary power wiring of an appliance is 
polarized so as to ensure the proper connection of its neutral con- 
ductor to the electric distribution system of the building, that neu- 
tral conductor 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 
appliance mounted in an equipment  rack or cart, when 
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rated by the manufacturer as a stand-alone appliance, shall 
independently meet the requirements of 9-2.1.13. 

When multiple appliances, as designated by the manu- 
facturer, are mounted together in a cart or rack, and one 
power cord supplies power, the cart or rack shall meet the 
requirements 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 con- 
structed so that those contacts that deliver electric current  
in a way and of a magnitude greater than 500 microam- 
peres, when measured in accordance with 9-2.1.13.5(a), 
(b), (d), and (e), are female and indexed. Receptacles and 
plugs shall be polarized 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, nonin terchangeable  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. 

9-2.1.4.3 Patient Lead Connections. 

(a) Lead Termination. The connector ,  distal to the 
patient, on a patient lead shall be constructed so that the 
connector can not be inserted to make contact with the live 
parts of a power receptacle or to engage any part of the 
appliance that can introduce a risk of electric shock, fire, or 
personal injury. 

(b) Isolated Patient Lead. The appliance connector of an 
isolated patient lead shall be constructed so that, when not 
inserted properly in the appliance, the end of the conduc- 
tor of the lead cannot contact a surface that might be 
grounded.  

9-2.1.5 Line Voltage Variations and Transients -- Gen- 
eral. All appliances shall be capable of operating within 
line voltage variations that conform with ANSI C84.1, 
Voltage Ratings: Electric Power Systems and Equipment. 

NOTE: The design of an appliance intended for life sup- 
port should minimize the effects on performance of tran- 
sient, line voltage variations, or other electrical interference. 
The design of all appliances should minimize the produc- 
tion of line variations and transients. 

9-2.1.6 General Design and Manufacturing Require- 
ments. 

9-2.1.6.1 Thermal Standards. Electric appliances not 
designed to supply he,it to the patient, and operated within 
reach of a nonambulatory patient, shall not have exposed 
surface temperatures in excess of 122°F (50°C). Surfaces 
maintained 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 commonly cause toxic reac- 
tions. Coatings used on these surfaces shall conform to 
ANSI Z66.1, Specifications for Paints and Coatings Accessible to 
Children to Minimize Dry Film Toxicity. 

9-2.1.6.3 Chemical Agents. Electric appliances contain- 
ing hazardous chemicals shall be designed to facilitate the 
replenishment of these chemicals without spillage to pro- 
tect the patient, the operating personnel, and the safety 
features of the appliance from such chemicals. 

NOTE: Preference should be given to the use of replace- 
able sealed canisters of chemicals. 

9-2.1.6.4 Operation with Essential Electrical System. 

(a) General. Equipment (fixed or appliances) shall be 
designed to operate normally when energized by a standby 
power source that conforms to the requirements of Chapter 3. 

(b) Power Transfer. Fol lowing t r ans fe r  of power  
between the normal power system and the essential electri- 
cal system, a patient-care-related appliance shall resume 
function in the mode of operation that existed prior to the 
transfer. 

Exception: I f  the appliance cannot maintain its mode of opera- 
tion in the event of a power transfer, it shall default to a nonhaz- 
ardous status and clearly indicate by audible or visible signals that 
its mode of operation has changed. 

(c) Programmable Appliances. Deenergizat ion of the 
power supply of a programmable appliance shall not result 
in the loss or change of any part of the program or data 
required for normal operation. 

Exception No. I: This requirement does not apply to computers 
and programmable appliances that are not directly related to 
patient care. 

Exception No. 2: Patient-care-related appliances that could suf- 
fer loss of program or vital data shall default to a start-up status 
and clearly indicate by audible or visual signals that its program 
or data has been altered or lost. 

9-2.1.7 Fire and Explosion Hazards, 

9-2.1.7.1 Materials and Supplies. Materials used in the 
construction of, and supplies for, electric appliances shall 
be noncombustible 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 appli- 
ances 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 appliance. 

Exception: Materials used in the construction and operation of 
electric appliances shall be permitted to be combustible when it is 
essential to their intended function. 

9-2.1.7.2 Oxygen-Enrlched Atmospheres. Electric appli- 
ances employing oxygen, or that are intended to be used in 
oxygen-enr iched  a tmospheres ,  shall comply with the 
appropriate provisions of Chapter 8, Gas Equipment, and 
Chapter 19, Hyperbaric Facilities, in addition to all appli- 
cable provisions of this chapter. 

NOTE: See also NFPA 53, Cuide on Fire Hazards in Oxygen- 
Enriched Atmospheres. 

9-2.1.7.3 Inhalation Anesthetizing Locations. Electric 
appliances used in inhalation anesthetizing locations shall 
comply with the provisions of Chapter 7, Electrical Equip- 
ment, and 12-4.1, in addition to all applicable provisions of 
this chapter. 
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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 opera t ing  
instructions, maintenance details, and testing procedures. 

The manuals shall include the following where applicable: 

(a) Illustrations 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, 

(e) Safety considerations in application and in servicing, 

(0 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, 

(i) Electrical supply requi rements  (volts, frequency,  
amperes, and watts), heat dissipation, weight, dimensions, 
output current, output voltage, and other pertinent data, 

(j) The limits of electrical supply variations - -  perfor- 
mance specifications of  the appliance shall be given for the 
applicable limits of  electrical supply variations, 

(k) Technical  pe r fo rmance  specifications inc luding 
design levels of  leakage current, 

(1) Instructions for unpacking (readily available upon 
opening), inspecting, installing, adjusting, and aligning, 

(m) Comprehensive preventive and corrective mainte- 
nance and repair procedures. 

Where appropriate,  the information itemized shall be 
permitted 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 perma- 
nently 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 improp- 
erly 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 condi- 
tions. Controls and indicators shall be labeled to indicate 
their function. When appropr ia te ,  appliances shall be 
labeled with precautionary statements. All appliances shall 
be labeled with model numbers, date of manufacture, man- 
ufacturer's name, and the electrical ratings including volt- 
age, frequency, current, and/or wattage of  the device. Date 
of manufacture shall be permitted to be a code, if its inter- 
pretation 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. (See 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 appli- 
ance in a patient location to remote appliances shall employ 
a signal transmission system designed to prevent hazardous 
current flowing in the grounding interconnection of  the 
appliances. 

(b) Outdoor Signal Transmission. Outdoor  signal trans- 
mission 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- 
sion lines shall be designed to prevent a hazard to the 
patient from exposure of  the lines to lightning, power con- 
tact, power induction, rise in ground potential, radio inter- 
ference, etc. 

9-2.1.9.2 Appl iances  Intended to Del iver Electrical  
Energy. 

(a) Conditions for Meeting Safety Requirements. Electrical- 
energy-delivering appliances shall conform to the leakage, 
grounding, and other requirements of this chapter when 
powered but not delivering energy. 

NOTE 1: When delivering energy, such appliances may 
deviate from these requirements only to the extent essential 
for their intended clinical function. 

NOTE 2: Appliances that intentionally or that might inad- 
vertently apply electrical energy to the patient or to compo- 
nents in contact with the patient require special safety consid- 
erations. 

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 Device. 
1. Electrically Powered Transducers. Exposed meta l  

parts of these devices shall be considered electrodes and 
meet the applicable requirements of 9-2.1.13, Manufactur- 
ers' Tests for Safety of  Patient-Care-Related Electrical Appli- 
ances. Connectors 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 neces- 
sary 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 acciden- 
tal electric shock. 

NOTE: Electrotherapeutic devices include devices for elec- 
trosleep, electroanesthesia, and electroshock. 
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4.* Electrosurgery. Electrosurgical devices shall meet 
the requirements  of  9-2.1.9.2(a), Conditions for Meeting 
Safety Requirements.  

NOTE 1: See Annex 1, The Use of High-Frequency Elec- 
tricity in Health Care Facilities, for information on electro- 
surgical devices. 

NOTE 2: Electrosurgery uses high levels of continuous or 
pulsed radio frequency power. It presents some unique 
hazards. It generates sparks with the attendant ignition haz- 
ard. It generates radio frequency interference that might 
obstruct monitoring. It may cause burns at inadvertent 
ground return paths if its return circuit is inadequate. 
Demodulation products might contain components that 
cause fibrillation or stimulation. DC monitoring currents 
may cause chemical burns. Capacitive or inductive coupling 
may occur. 

5. Cardiac Defibrillation. Cardiac defibrillators shall 
be designed to protect the opera tor  and a t tendant  person- 
nel 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 
Atmospheres. Electrically powered equipment  in tended 
to be used within oxygen delivery equipment  shall comply 
with (a), (b), (c) or (d) as listed below. Appliances or part(s) 
of  an appliance or system (e.g., pillow speaker,  remote con- 
trol, pulse oxymeter  probe) to be used in the site of inten- 
tional expulsion shall comply with the requirements  of this 
section. Those parts of an appliance or system not within 
oxygen delivery equipment,  or not in tended to be used in 
the site of intentional expulsion, shall not be required to 
comply with this section. 

(a) Listed for use in oxygen-enriched atmospheres.  

(b) Sealed so as to prevent  an oxygen-enriched atmo- 
sphere from reaching electrical components.  The  sealing 
material shall be of the type that will still seal even after 
repeated exposure  to water, oxygen, mechanical vibration, 
and heating from the external  circuitry. 

(c) Ventilated so as to limit the oxygen concentration 
sur rounding  electrical components  to below 23.5 percent  
by volume. 

(d) Both of  following: 

1. No hot surfaces over 573°F (300°C). 

Exception: Small (less than 2- W) 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. 

9-2.1.10 Low-Voltage Appliances and Appliances Not 
Connected to the Electric Power Distribution System. 

9-2.1.10.1 General .  Appliances and instruments operat-  
ing from batteries or their equivalent or from, an external  
source of low voltage, or that are not connected to the 
electric power dis t r ibut ion system shall conform to all 
appl icable  requ i rements  of  9-2.1, Pat ient -Care-Rela ted  
Electrical Appliances. This shall include communication,  
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Figure 9-2.1.9.3(a). 

stgnaling, enter tainment ,  remote-control,  and low-energy 
power systems. 

Exception: Telephones. 

9-2.1.10.2 Rechargeable Appliances, Bat tery-opera ted  
appliances that are rechargeable while in use shall meet all 
the requirements  of 9-2.1.13.3, Leakage Current  Tests, for 
l ine-operated appliances. 

9-2.1.10.3 Low-Voltage Connectors. Attachment  plugs 
used on low-voltage circuits shall have distinctive configu- 
rations that do not permit  interchangeable connection with 
circuits of  other  voltages. 

9-2.1.10.4 Isolation of Low-Voltage Circuits. Circuits of 
30 volts (dc or  ac rms) or  less shall be electrically isolated 
from the power distribution system. Grounded  low-voltage 
circuits shall be permit ted provided that load currents  are 
not carried in the g rounding  conductor.  

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 
critical care shall include protect ion against equipment  
damage dur ing  defibrillation of  the patient. 
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9-2.1.12 Direct Electrical Pathways to the Heart. T h e  
r equ i r emen t s  o f  this section shall apply only to manufac-  
turers  except  where  specifically noted.  

NOTE: This section is concerned with the patient who has 
either of two types of direct electrical connections to the 
heart. The obvious and most hazardous conductor com- 
prises a wire in contact with the heart muscle. This can be a 
pacemaker electrode, a guide wire, or a transthoracic or 
implanted electrode. The second type of conductor is a liq- 
uid 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 pat ient  leads 
shall be labeled as having isolated pat ient  leads in accor- 
dance with 9-2.1.13.5, Lead Leakage C u r r e n t  Tests and 
Limits. 

(b) Insulation of  Cardiac Leads. Pacemaker  leads and  
o the r  wires in t ended  for insert ion into the heart ,  toge ther  
with thei r  adapters  and connect ions  to appliances,  shall be 
insulated except  for their  sensing or  s t imulat ion areas. 

NOTE: The user is required to have a policy to protect 
pacing leads with external terminals from potentially haz- 
ardous contact with conductive surfaces (see 7-6.2.1.3, Pro- 
tection of Patients with Direct Electrical Pathways to the Heart). 
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Figure 9-2.1.9.3(e). 

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 extre~ care to ensure safe use. When used in 
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 main- 
tain insulation during introduction or manipulation. At such 
times the operator shall take appropriate safeguards. 

(c) Safety Requirements for Cardiac Electrodes. The elec- 
t rode  catheter,  fitting, and associated appl iance,  when 
assembled,  shall meet  the appl icable  r equ i r emen t s  of  
9-2.1.13.5, Lead Leakage Current  Tests and Limits, for iso- 
lated 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-Fi l led  Catheters. 

(a) Cardiac Catheter System. Any conductive element of  a 
liquid catheter system that can come in contact with the 
liquid column shall be insulated from ground or electric 
energy sources. 

NOTE: A liquid catheter system can consist of the catheter 
itself, pressure transducers, electronic appliances, and asso- 
ciated accessories. 

(b) Nonconductive Cardiac Catheters. A nonconduct ive  
catheter  containing a conductive liquid, when connected to 
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Figure 9-2.1.9.3(f). 

its appropr ia te  system, shall meet the applicable require- 
ments of  9-2.1.13.5, Lead Leakage Current  Tests and Lim- 
its, for isolated patient leads, with the patient end of  the 
liquid-filled catheter  considered to be an electrode. 

(c) Conductive Cardiac Catheters. If  the liquid column is 
contained in a catheter made of conductive material having 
an electrical conductivity approximating that of blood, the 
system 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 might deliver 
current from the power source and also might generate 
transient voltages large enough to be hazardous. 

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 operat ion of an appliance. The  tests 
in this subsection are in addit ion to the design require- 
ments of  the entire Section 9-2.1, Pat ient-Care-Related 
Electrical Appliances. 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 ensure design compliance for new 
appliances. 
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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. 

(a) Techniques of Measurement. Each test shall be per- 
formed with the app rop r i a t e  connection to a p roper ly  
g rounded  ac power system. 

(b) Frequency of Leakage Current. The leakage current  
limits stated in 9-2.1.13.4, Leakage Current  from Appli- 
ance to Ground,  and 9-2.1.13.5, Lead Leakage Current  
Tests and Limits, shall be rms values for dc and sinusoidal 
waveforms up to 1 kHz. For frequencies above 1 kHz, the 
l eakage  c u r r e n t  l imits  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 maximum of  10 milliamperes. 

NOTE 1: The limits for nonsinusoidal periodic, modu- 
lated, and transient waveforms remain to be determined. 

NOTE 2: For complex leakage current waveforms, a sin- 
gle reading from an appropriate metering system can rep- 
resent the physiologically effective value of the composite 
waveform, provided that the contribution of each compo- 
nent to the total reading is weighted in accordance with 
9-2.1.13.3(b). 

This  "we igh t ing"  can be achieved by a f requency-  
response-shaping network that precedes a flat response 
meter,  or by a meter  whose own frequency response char- 
acteristic matches 9-2.1.13.3(b). 

(c) Leakage Current in Relation to Polarity. Leakage cur- 
rent  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 operat ing controls in 
the positions to cause maximum leakage current  readings. 
The  leakage 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  conduc t ive  surfaces of  the app l i ance  to 
ground with all g rounding  conductors open at the end 
nearest  the power receptacle. The appliance shall not be 
grounded  by any other means. The  current  meter  shall be 
inser ted between the exposed conductive surfaces and 
ground.  This test shall be made under  the conditions of 
9-2.1.13.3. This test is illustrated in Figure 9-2.1.13.4(a). 

Appl iances  requ i red  to meet  the limits of  7-5.2.2.1, 
Patient Care Area, (i.e., appliances not in tended to contact 
a patient) shall be tested with switch "A" open (open neu- 
t r a l ) .  All  o t h e r  a p p l i a n c e s  m e e t i n g  the  l im i t s  o f  
9-2.1.13.4(c) 1 and 2, Chassis Leakage Current  Limits, 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 appliance and 
all appropriate tests shall be performed to the foil. 

Switch "A" (to be open 
only for test described Appliance power switch 
in 7-5.2.2.1 (a) and (use both "off" and 
closed for all other tests) "on" positions) 

This connection is ~ ~ To exposed 
at service entrance ~ Polarity reversing ~ conductive 
or on the supply ~ sw tch (use both ~ surfaces 
side of a separately ~ . . . . . . . . . .  ~ .. i 
derived sys|em ~ pu~,t,~.~/ ~ App=lance I 

\ H(black) .~ _ - - - k - - -  I ~ - - _  I I 

X ~, N (white) _,~ I ' ~ o : _ ~ ' - ' ~  ~ ~ - ~  ~,  I I 

I \ G  (green) [ ~ - f l o ~  ] '- I [ 
Bui!ding__ L ~ ( ( . ~ 6 7 -  ~ ~ [ Insulating surface ] [ 
~j . . . . . .  / Cu'~rent I _ _ _ _  / 

/ meter H = Hot 
Grounding contact switch N = Neutral (grounded) 
(use in "open" position) G = Grounding conductor 

Figure 9-2.1.13.4(a) Test circuit for measuring leakage current from 
exposed conductive surfaces. 

(c)* Chassis Leakage Current Limits. 

1. Cord-Connected Appliances. Cord-connected appli-  
ances that are intended for use in the patient care vicinity 
shall not exceed 300 microamperes  of chassis leakage cur- 
rent  as measured in 9-2.1.13.4(a), Test Methods. 

2. Permanently Wired Equipment. Permanent ly  wired 
equipment  installed in the patient care vicinity shall not 
have leakage current  from the frame to ground in excess of 
5.0 milliamperes. The  leakage current  shall be measured 
p r io r  to instal lat ion by the instal ler  and  verified and 
accepted by the facility. This measurement  sh~ll be made 
in accordance with 9-2.1.13.4(a) while the equipment  is 
temporari ly 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 combined patient leads and ground.  The test shall be 
made with the patient leads active (e.g., in the case of a 
mult i lead instrument ,  the lead selector switch shall be 
advanced through all operat ing positions). Each measure- 
ment  shall be performed with the grounding conductors 
both opened and closed. For this purpose  the grounding 
conductor  shall be in ter rupted  at the plug end of the appli- 
ance cord. Figure 9-2.1.13.5(a) is an example of an accept- 

l able test configurat ion.  The  leakage cu r ren t  shall not 
exceed 100 microamperes.  

(b) Lead to Ground (Isolated Input). The leakage current  
to ground  between each patient lead and ground shall be 
measured  unde r  the condit ions of  9-2.1.13.3, Leakage 
Current  Tests. The test shall be made with the patient 
leads active (e.g., in the case of a multilead instrument,  the 
lead selector switch shall be advanced through all operat-  
ing positions). Each measurement  shall be performed with 
the grounding conductors both opened and closed. For 
this purpose  the grounding conductor  shall be in terrupted 
at the plug end of the appliance cord. Figure 9-2.1.13.5(b) 
is an example of an acceptable test configuration. The  leak- 
age current  shall not exceed 10 microamperes with the 
ground intact and 50 microamperes with the ground open. 

(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 mea- 
sured by observing the current  produced by applying an 
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external  source of  power-l ine f requency and voltage 
between the lead and ground while the leads are approxi- 
mately 8 in. (20 cm) from a grounded conductive surface. 
Similarly, the isolation at the apparatus terminals to the 
patient cables shall be measured. Figure 9-2.1.13.5(c) is an 
example of  an acceptable test configuration. At the patient 
end of  the leads, the leakage current shall not exceed 50 
microamperes and at the apparatus terminals 25 microam- 
peres. Only appliances meeting this requirement shall be 
permitted to be identified as having isolated patient leads. 

Suitable safety precautions (such as including a resis- 
tance 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 tempo- 
rarily 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 Surfaces, which is also temporarily grounded. 

(d) Between Leads (Nonisolated Input). The  cu r ren t  
between any pair of leads or any single lead and all others 
shall be measured under the conditions of 9-2.1.13.3, Leak- 
age Current Tests. 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(d)/(e) is 
an example of  an acceptable test configuration. The leakage 
current shall not exceed 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 
measured 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 purpose 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 current shall not exceed 10 microamperes with the 
ground intact and 50 microamperes with the ground open. 

Between combined 
Appliance power switch patient leads and 
(use both "off" and -- ground \ 
"on" positions) ~ Patient lead.. 
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~ n t  Between each patient 
Grounding contact switch meter lead and ground 
(use in both "open" and H = Hot 
"closed" positions) N = Neutral (grounded) 

G = Grounding conductor 

Figure 9-2.1.13.5(a) Test circuit for measuring leakage current between 
patient leads and ground (nonisolated). 

Exception: Measuring leakage current between any single lead 
and all other leads need only be performed to ensure the approval 
agency of design compliance. 

9-2.2 Nonpatient Electrical Equipment. (Reserved) 

9-3 Gas Equipment. (Reserved) 

9-4 Material. (Reserved) 

Appliance power switch 
(use both "off" and 
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Figure 9-2.1.13.5(b) Test circuit for measuring leakage current between 
patient leads and ground (isolated). 
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Polarity reversing switch H = Hot leads (check each) 
(use both positions) N = Neutral (grounded) (other leads left 

G = Grounding conductor disconnected) 

Figure 9-2.1.13.5(c) Test circuit for measuring the electrical isolation of 
isolated patient leads. 
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(use in both "open" and 
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Figure 9-2.1.13.5(d)/(e) Test circuit for measuring leakage current 
between patient leads (nonisolated and isolated). 
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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" Scope. 

10-1.1" This chapter  establishes criteria to minimize the 
hazards of  fire and explosions in laboratories, as defined in 
Chapter  2. 

NOTE 1: Laboratol T facilities present fire hazards of a nature 
not encountered elsewhere in health-related institutions. 

This section is not intended to cover hazards resulting 
from the misuse of chemicals, radioactive materials, or bio- 
logical materials that will not result in fires or explosions. 
Although it deals primarily with hazards related to fires 
and explosions,  many of  the r equ i r emen t s  to pro tec t  
against fire or explosion, such as those for hood exhaust 
systems, also serve to protect persons from exposure to 
nonfire health hazards of these materials. 

NOTE 2: Laboratory work may involve the use of flamma- 
ble, combustible, and explosive materials that can be safely 
handled only if they are treated with a respect tbr and a 
knowledge of their hazardous properties. 

10-1.2 Interface with Existing Codes and Standards, 

10-1.2.1" NFPA 45, Fire Protection Standard for Laboratories 
Using Chemicals, is the basic NFPA standard for laboratories 
that  covers the const ruct ion ,  vent i la t ion systems, and 
related fire protection of  all laboratories in all facilities. 
However, this chapter  (10) has more stringent require- 
ments for laborator ies  located in health care facilities. 
Where interface with existing NFPA or  other consensus 
codes and s tandards  occurs, reference is made  to the 
appropr ia te  source in the text. 

10-1.2.2 Where necessary, due to the special nature of 
laboratories, codes and standards are supplemented in this 
text, so as to apply more specifically to buildings or por- 
tions of buildings devoted to laboratory usage. 

10-2 Nature of Hazards. 

10-2.1 Fire Loss Prevention. 

10-2.1.1 Hazard Assessment. 

10-2.1.1.1 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 tlle nature of the proposed reactions (e.g., 
evolution of acid vapors or flammable gases). 

10-2.1.1.2 Periodic reviews of  laboratory operations and 
procedures  shall be conducted with special attention given 
to any change in materials, operations,  or personnel.  

[ 10-2.1.1.3" Unat tended operations and automatic labora- 
tory equipment  shall be provided with periodic surveil- 
lance or with automatic monitoring devices to detect and 
repor t  abnormal operation. 

10-2.1.1.4 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. 

10-2.1.2 Fire Prevention Procedures. Fire prevent ion 
procedures  shall be established. (See Section 10-8.) 

10-2.1.3 Emergency Procedures. 

10-2.1.3.1 Procedures for laboratory emergenoes  shall be 
developed. Such procedures shall include alarm actuation, 
evacuation, and equipment  shutdown procedures ,  and  
provisions for control of emergencies that might occur in 
the laboratory, including specific detailed plans for control 
operations by an emergency control group within the orga- 
nization or a public fire depar tment .  

10-2.1.3.2 Emergency procedures shall be established for 
controlling chemical spills. 

10-2.1.3.3" Emergency procedures  shall be established 
for extinguishing clothing fires. 

10-2.1.4 Orientation and Training. 

10-2.1.4.1 New laboratory personnel  shall be taught gen- 
eral safety practices for the laboratory and specific safety 
practices for the equipment  and procedures  they will use. 

10-2.1.4.2 Continuing safety education and supervision 
shall be provided,  incidents shall be reviewed monthly, and 
procedures  shall be reviewed annually. 

10-2.1.4.3 Fire-exit drills shall be conducted at least quar- 
terly. Drills shall be so ar ranged 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" Construction of laboratories shall comply with 
the requirements of NFPA 45, Standard on Fire Protection for 
Laboratories Using Chemicals, and NFPA 101, Life Safety Code, 
and with the following addit ional requirements.  Health 
care laboratories  shall be separa ted  from su r round ing  
health care areas and from exit corridors by fire-resistive 
construction with a minimum rating of  one hour,  and all 
openings protected by 3/4-hour-rated assemblies. 

Exception No. 1: Laboratories that are protected by automatic 
extinguishing s~stems and that are not classified by the authority 
having jurisdiction as a severe hazard are not required to be sep- 
arated. (See A-lO-5.1 for one method of calculating the hazard 
fire severity.) 

Exception No. 2: Any opening in a laboratory corridor barrier 
shall be permitted to be held open only b~: an automatic release 
device complying with the applicable requirements in NFPA 101, 
Life Safety Code. 

10-3.1.2 In te r io r  finish in laborator ies  and means of  
egress shall comply with the applicable sections of NFPA 
101, Life Safety Code. 

10-3.2 Exit Details. 

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. 
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A second means of access to an exit shall be provided for 
any l abora to ry  work areas  in which hazards  exist as 
defined in 3-4.1 of NFPA 45, Standard on Fire Protection for 
Laboratories Using Chemicals. 

10-3.2.2 Travel distance between any point  in a labora- 
tory unit 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 corr idors  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 t ransport ing 
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 
unobstructed width. 

10-3.3 Exhaust  Air. Exhaust air shall conform to 5-3.1. 

10-3.4" Ventilation. Ventilation shall comply with 5-4.3 
and with the requirements  of NFPA 45, Standard on Fire 
Protection for Laboratories Using Chemicals. 

10-3.5 Fume Hoods. Fume hoods shall conform to 5-4.4 
and 5-6.2. 

10-4 Equipment. 

10-4.1 General .  Laboratory apparatus  shall comply with 
the requirements  of NFPA 45, Standard on Fire Protection for 
Laboratories Using Chemicals. 

10-4.2 Equipment Employing Liquids. 

10-4.2.1 Tissue processors and similar automatic equip- 
ment  that  release ignitible (f lammable or  combustible)  
vapors into the ambient  workspace shall be opera ted  at 
least 5 ft (1.52 m) from the storage of combustible materi- 
als, unless separated by 1-hour fire-resistive construction. 

NOTE: Tissue processors that operate as a closed system 
contain ignitible vapor hazards within the processor and thus 
do not pose a hazard requiring a 5-ft (1.52-m) separation. 

10-4.2.2" Unat tended laboratory operat ions employing 
flammable 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 
provided in all laboratories, including associated storage 
rooms, where: 

(a) Laboratories are not separated from sur rounding  
areas by at least 1-hour fire-resistive construction with door  
openings protected by Class C self-closing fire doors, and 
employ quantities of flammable, combustible, or hazardous 
materials less than that which would be considered severe. 

(b) Laboratories are not separated from sur rounding  
areas by at least 2-hour fire-resistive construction with door  
openings  pro tec ted  by Class B self-closing doors,  and 
employ quantities of flammable, combustible, or hazardous 
materials considered severe. 

NOTE: Where there is a need to reduce equipment dam- 
age and facilitate return to service, consideration should be 

given to an approved gaseous agent total flooding system in 
laboratories. 

10-5.2 Automatic fire ext inguishment and fire detection 
systems, where required,  shall be connected to the facility 
fire alarm system and shall be ar ranged to immediately 
sound an alarm. 

10-5.3 Portable fire extinguishers suitable for the partic- 
ular hazards shall be located so that they will be readily 
available to personnel  in accordance with NFPA 10, Stan- 
dard for Portable Fire Extinguishers. Clinical laboratories that 
typically employ quantities of flammable, combustible, or 
hazardous materials less than that which would be consid- 
ered severe shall be classified as ordinary hazard per  NFPA 
10 for purposes of  extinguisher placement.  

10-6" Emergency Shower. Where the eyes or body of 
any person can be exposed to injurious corrosive materials, 
suitable fixed facilities for quick drenching or flushing of 
the eyes and body shall be provided within the work area 
for immediate  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 identifica- 
tion, 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 .  Flammable and combustible liquids shall 
be handled and used with care and with knowledge of  their 
hazardous propert ies,  both individually and in combina- 
tion with other  materials with which they can come in con- 
tact. (See references in Chapter 20 and Appendix B.) 

10-7.2" Storage and Use. 

10-7.2.1" Flammable  and combustible liquids shall be 
used from and stored in approved  containers in accor- 
dance with NFPA 30, Flammable and Combustible Liquids 
Code, and NFPA 45, Standard on Fire Protection for Laborato- 
ries Using Chemicals. 

10-7.2.2" Establ ished l abora to ry  pract ices shall l imit 
working supplies of flammable or combustible liquids. The 
total volume of Class I, II,  and I l IA  liquids outside of 
approved storage cabinets and safety cans shall not exceed 
1 gal (3.78 L) per  100 sq ft (9.23 sq m). The total volume 
of Class I, It ,  and I l i A  liquids, including those contained in 
approved storage cabinets and safety cans, shall not exceed 
2 gal (7.57 L) per  100 sq ft (9.23 sq m). No flammable or 
combustible liquid shall be stored or t ransferred from one 
vessel to another  in any exit corr idor  or passageway lead- 
ing to an exit. At least one approved flammable or  combus- 
tible liquid storage room shall be available within any 
health care facility regularly maintaining a reserve storage 
capacity in excess of 300 gal (1135.5 L). Quantities of  flam- 
mable  and combus t ib l e  l iquids  for d i sposa l  shall  be 
included in the total inventory. 

Exception: Very small laboratory work areas acceptable to the 
authority having jurisdiction. 

10-7.2.3 Venting of storage cabinets shall be permit ted.  
Storage cabinets with approved  flame arresters shall be 
permit ted to be exhausted through a fume hood exhaust 
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system. Construction of the venting duct within the labora- 
tory shall be equal to the rating of the cabinet. 

10-7.2.4 Flammable or combustible liquids shall not be 
posi t ioned near  Bunsen burners ,  ovens, hot pipes and 
valves, or other  sources of heat, in corridors,  or within 
exhaust  canopies. 

10-7.2.5" Class I flammable liquids shall not be stored in 
ordinary  refrigerators,  freezers, or coolers. If  Class I flam- 
mable liquids are stored under  refrigeration (e.g., for ana- 
lytical purposes), the storage devices shall be listed flamma- 
ble materials storage refrigerators or refrigerators listed for 
Class I, Division 1, Group C locations. The outside doors of 
refrigerators shall be labeled to denote whether or not they 
are acceptable for storage of flammable liquids. If the refrig- 
erator is not listed for the purpose, the warning shall be 
worded to prohibit all storage of flammable 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 I I IA 
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°F (16.6°C) of the flash point of 
the liquid. 

10-7.4.2 F l ammab le  or  combus t ib le  l iquids shall  be 
hea ted  with hot  water ,  s team, or  an electr ic  mant le ,  
depend ing  upon their boiling points. Open flames shall 
not be employed.  

10-7.5" Disposal of Hazardous Materials. Disposal of 
hazardous 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 proce- 
dures established 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 mainte- 
nance and watchfulness are imperative. 

10-8.1.2 A safety officer shall be appointed to supervise 
safe pract ices in the labora tory .  Responsibi l i t ies  shall 
include ensuring that the equipment  and preparat ion for 
fire fighting are appropr ia te  for the special fire hazards 
present. These responsibilities shall be in addit ion to sur- 
veillance of hazards a t tendant  to caustics, corrosives, com- 
pressed gases, electrical installations, and other  hazards 
indigenous to laboratories 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 flammable liquids and 
gases, first-aid fire fighting, and the use of  protect ive 
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. 

I 
I0-8.1.3" Operat ions and equipment  related to safe oper-  
ations and practices, including such items as ventilating 
provisions, fire protection apparatus,  periodical flushing of  
sinks, emergency showers and eye-wash units, shelf stocks 
and storage of flammable and combustible materials, and 
caustic and corrosive liquids shall be reviewed at appropr i -  
ate, regular  intervals. A system of  p rompt  repor t ing  of  
defective equipment  and its p rompt  repair  shall be insti- 
tuted, and periodic inspections shall be made of all electri- 
cal and gas equipment.  The laboratory safety officer shall 
p repare  and supervise the p roper  completion of a safety 
checklist that can be preserved for record. 

10-8.1.4 Periodic safety inspection shall include the test- 
ing of all emergency showers, eye baths, and other emer- 
gency equipment.  

10-8.1.5" A system for disposing of  hazardous chemicals 
and combustible trash shall be established and regularly 
maintained. Disposal of  chemical wastes shall be in accor- 
dance with good safety practices and environmental  
standards.  

10-8.2 Identification of Hazards. 

10-8.2.1" All doors  leading to laborator ies  in health- 
r e l a t e d  facil i t ies shall  be m a r k e d  with the  e m b l e m  
described in NFPA 704, Standard System for the Identification 
of Fire Hazards of Materials, to indicate the fire hazards of 
materials intended to be used within this area. No labora- 
tory or other room shall be required to be identified with a 
hazard signal sign unless the area contains a significant 
quantity of hazardous material. No area shall be consid- 
ered to contain a significant quantity of hazardous materi- 
als unless the contents include hazardous materials in glass 
containers that are 1 gal (4.4 L) in size or larger, hazard- 
ous compressed gases or cryogenic liquids in containers 
greater  than 5 in. (12.7 cm) in diameter  and 15 in. (48 cm) 
in length, or dry hazardous materials in containers in 
excess of 5 lb (2.27 kg). No area shall be considered to con- 
tain a significant quantity of  hazardous materials unless the 
quantity of hazardous materials exceeds 200 lb (91 kg) or 
10 gal (44.4 L) of flammable liquids. No laboratory or stor- 
age area shall be identified with a hazard signal sign unless 
hazardous materials in significant quantities have one or 
more hazard ratings of 2 or greater.  

10-8.2.2 It shall be the responsibility of the laboratory 
safety officer to ensure periodically that the emblem prop-  
erly indicates the nature of the materials being used within 
the identified 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 
procedures  that involve variations in the fire hazards of 
materials used in individual spaces. 

10-9 Transfer of Gases. 

10-9.1 Transfer  of gaseous oxygen ~hall be in accordance 
with 8-6.2.5.1 (b). 

10-9.2 Transfer  of all other  gases from one cylinder to 
another  within the laboratory shall be prohibited.  
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10-9.3 Transfer  of  liquid oxygen shall be in accordance 
with 8-6.2.5.2. 

10-10 Laboratory Gas Cylinder Storage for Non-Piped 
Use. 

10-10.1 Cylinder and Container Management. Require- 
ments shall be in accordance with 4-3.1.1. I. 

10-10.2 Storage Requirements (Location, Construction, 
Arrangement; Any Quantity; Flammable and Nonflamma- 
ble Gases). 

10-10.2.1 Storage shall be in cylinders complying with 
4-3.1.1.1. 

10-10-2.2 Flammable gas cylinder storage for a labora- 
tory, if inside any health care facility, shall be (except as 
permit ted in 4-6.1.1.1) in a separate room or enclosure 
reserved exclusively for that purpose,  having a fire- 

resistance classification of at least 2 hours, and ventilated in 
accordance with 2-6.5 of Annex 2. Cylinders in storage 
shall be kept in racks or secured in position. 

10-10.2.3 Rooms or enclosures for storage of  cylinders 
shall be well ventilated. Electrical equipment  in flammable- 
gas storage areas shall comply with NFPA 70, National Elec- 
trical Code, for Class I, Division 2 locations. 

10-10.2.4 Enclosures for storage of nonflammable gases 
shall have at least 1-hour fire-resistive construction,  in 
accordance with 4-3.1.1.2(a). 

10-10.3 The  total quantity and size of cylinders contain- 
ing oxygen, flammable gas, liquefied flammable gas, and 
gas with Health Hazard Ratings of  3 or 4 shall comply with 
Table 8-2 of NFPA 45, Standard on Fire Protection for Labo- 
ratories Using Chemicals. The number  of  reserve cylinders 
within general  laboratory work areas shall not exceed 1 
week's working supply. 
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Chapter 11 Health Care Emergency Preparedness 

11-1 Scope. This chapter  establishes minimum criteria 
for health care facility disaster management  in the develop- 
ment of  a program for effective disaster preparedness,  mit- 
igation, response, and recovery. 

NOTE: Since no single model of a disaster plan is feasible 
for every health care facility, this chapter is intended to 
provide criteria in the preparation and implementation of 
an individual plan. The principles involved are universally 
applicable; the implementation needs to be tailored to the 
specific facility. 

11-2 Purpose.  The purpose  of this chapter  is to provide 
those with the responsibility for disaster- management  plan- 
ning in health care facilities with a process to assess, miti- 
gate, prepare  for, respond to, and recover from, disasters. 
This chapter  is intended to aid in meeting requirements 
for having a disaster management  plan. 

11-3 Appl i cab i l i ty .  This chapte r  is appl icable  to any 
health care facility that is in tended to provide medical 
t reatment  to the victims of a disaster. 

NOTE: Such facilities include, bnt are not limited to: hos- 
pitals, clinics, convalescent or nursing homes, and first aid 
stations (disaster receiving stations). Such facilities might be 
tbrmally designated by a government authority as a disaster 
treatment center. Such facilities would not normally include 
doctors' or dentists' offices, medical laboratories, or school 
nurseries, unless such facilities are used for treatment of 
disaster victims. 

11-4 Responsibilities. 

11-4.1" Authority Having Jurisdiction (AHJ). The AHJ 
shall be cognizant of  the requirements of a health care 
facility with respect to its uniqueness for continued opera- 
tion of the facility in an emergency. 

11-4.2 Senior Management. It shall be the responsibility 
of the senior management  to provide its staff with plans 
necessary to respond to a disaster, as appropr ia te .  Senior 
management  shall appoint  a disaster planning committee 
with the authority for writing, implementing,  exercising, 
and evaluating the disaster plan. 

11-4.3" Disaster Planning Committee. The  disaster" 
planning committee shall have the responsibility for the 
overall disaster p lanning  within the facility, under  the 
supervision of designated leadership. 

The disaster planning committee shall model  the disas- 
ter plan on the incident command system (ICS). 

11-5 General Requirements. 

11-5.1" When a facifity declares itself in a disaster mode, 
or when the authority having jurisdiction (AHJ) declares a 
state of disaster exists, the disaster plan shall be activated. 

11-5.2 The  decision to activate the disaster declaration 
shall be made by the highest responsible authority within 
the facility as specified in the disaster plan, or his or her" 
designee. The  decision to terminate shall be made in coor- 
dination with the authority having jurisdiction and other  
civil or military authorities involved. 

11-5.3 The  disaster plan, as a minimum, shall include the 
following: 

11-5.3.1" Identification of Disaster Personnel. All per- 
sonnel designated in the disaster plan of the health care 
facility shall be supplied with a means of identification, 
which shall be worn at all times in a visible location. 

11-5.3.2" Continuity of Essential Building Systems. 
When designated by the disaster management  plan to pro- 
vide continuous service in a disaster, health care facilities 
shall establish cont ingency plans for the cont inui ty  of  
essential building systems, as applicable: 

(a) Electricity 
(b) Water  
(c) Ventilation 
(d) Fire protection systems 
(e) Fuel sources 
(f) Medical gas and vacuum systems (if applicable). 

11-5.3.3" Staff Management. Planning shall include the 
alerting and managing of  all staff and employees in a disas- 
ter, as well as consideration o f ( l )  housing, (2) t ransporta-  
tion of staff and staff family, and (3) critical incident staff 
stress debriefing. 

11-5.3.4" Patient Management. Plans shall include pro- 
visions for m a n a g e m e n t  of  pat ients ,  par t icu la r ly  with 
respect to clinical and administrative issues. 

11-5.3.5" Logistics. Contingency planning for disasters 
shall include as a minimum stockpiling or insuring imme- 
diate or at least unin ter rupted  access to critical materials: 

(a) Pharmaceuticals 
(b) Medical supplies 
(c) Food supplies 
(d) Linen supplies 
(e) Industrial  and potable (drinking) waters. 

11-5.3.6" Securi ty.  Security plans shall be deve loped  
that address facility access, crowd control, security staff 
needs, and traffic control. 

11-5.3.7" Public Affairs. 

11-5.3.7.1 Health care facilities shall have a designated 
media spokesperson to facilitate news releases. 

11-5.3.7.2 An area shall be designated where media rep- 
resentatives can be assembled, and which will not interfere 
with the operations of the health care facility. 

11-5.3.8 Staff Education. Each health care facility shall 
implement  an educational program.  This p rogram shall 
include the concept of the incident command system, com- 
ponent  of the disaster plan, and each staff member 's  duties 
and responsibilities. 

Each educational program shall take place at the time of 
hire or assignment, and annually thereafter,  as required. 

11-5.3.9" Drills. Each organizational entity shall imple- 
ment one or more specific responses of the disaster plan at 
least semi-annually. At least one semi-annual drill shall 
rehearse mass casualty response for health care facilities 
with emergency services, disaster receiving stations, or  
both. 
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11-5.3.10" Operational Recovery. Plans shall reflect 
measures needed to restore operational capability to pre- 
disaster levels. Fiscal aspects shall be considered because of 
restoral costs and possible cash flow losses associated with 
the disruption. 

11-5.3.11" Telecommunica t ions .  Emergency internal 
and external communication systems shall be established to 
facilitate communication with security forces and other 
authorities having jurisdiction as well as internal patient 
care and service units in the event normal communication 
methods are rendered inoperative. 

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 
structure that has the responsibility for the elements of 
hospital operation covered by this chapter, including build- 
ing design, purchasing specifications, inspection proce- 
dures, maintenance schedules, and training programs 
affecting such use. 

12-2.2 It is unders tood that the individuals who are 
responsible  will vary from one hospital  to another ,  
although in most cases the hospital's administration exer- 
cises the concomitant authority. It is further recognized 
that fulfillment of this responsibility frequently occurs by 
means of delegating appropriate authority to staff, consult- 
ants, architects, engineers, and other~. 

12-2.3 To achieve the performance criteria of Chapters 1 
through 1 1, the governing body of the hospital shall be 
permitted to assign responsibility to appropriate hospital 
personnel, consultants, architects, engineers, or others. 

12-2.4 The hospital shall ensure that policies are estab- 
lished and maintained that permit the attending physician 
to satisfy the emergency needs of any patient that might 
supersede the requirements of  this chapter. Each such spe- 
cial use shall be clearly documented  and reviewed to 
a t tempt  to have future similar needs met within the 
requirements of  this chapter. 

12-2.5 Electricity. It shall be the responsibility of the 
hospital to provide an environment that is reasonably safe 
from the shock and burn hazards attendant with the use of 
electricity 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 electri- 
cal 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 desig- 
nated departments of  the facility assume responsibility for 
the continued functioning of  the electrical distribution sys- 
tem (Chapter 3) and the inspection, testing, and mainte- 
nance of electrical appliances (Chapter 7). 

The hospital shall adopt regulations and practices con- 
cerning the use of electric appliances and shall establish 
programs for the training of physicians, nurses, and other 
personnel who might 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 is permitted to 
be classified as a wet location. The governing body of  the 
facility shall designate these areas in accordance with the 
type of patient care anticipated and with the following def- 
initions of the area classification. (See definition of patient care 
area in Chapter 2.) 
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(a) General  Care Area. (See definition in Chapter 2.) 
(b) Critical Care Area. (See definition in Chapter 2.) 
(c) Wet Location. (See definition in Chapter 2.) 

12-2.7 Anesthesia.  It shall be the responsibility of the 
governing body of the hospital to designate anesthetizing 
locations. 

12-2.8 Laboratories .  The  governing boards of hospitals 
shall have the responsibility of protect ing 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 dis tr ibut ion 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 operat ional  safety requirements  in 3-3.3.2 and 3-3.3.3. 

12-3.3.2 The  essential electrical distribution system shall 
conform to a Type 1 system, as described in Chapter  3, 
Electrical Systems. 

Hospitals shall be permit ted to serve the essential electri- 
cal system needs of  contiguous or same-site facilities with 
the generat ing equipment  of the hospital. 

12-3.4 Gas and Vacuum System Requirements. 

12-3.4.1 If  installed, patient gas systems shall conform to 
Level 1 gas systems of  Chapter  4. 

Exception: A Level 3 patient gas system of Chapter 4 shall be per- 
mitted when not served by the hospital's central patient gas system. 

12-3.4.2 If  installed, patient vacuum systems shall con- 
form to Level 1 vacuum systems of Chapter  4. 

Exception: A Level 3 patient vacuum system of Chapter 4 shall 
be pe~vnitted when not served by the hospital's central patient vac- 
uum system. 

12-3.4.3 If  installed, patient WAGD systems shall conform 
to Level 1 WAGD systems of Chapter  4. 

12-3.4.4 If  installed, laboratory gas systems shall conform 
to Level 4 gas systems of Chapter  4. 

12-3.4.5 If  installed, laboratory vacuum systems shall con- 
form to Level 4 vacuum systems of Chapter  4. 

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 
conform to Chapter  7. (See 7-5.1 and 7-5.2.2.1.) 

NOTE: The requirements of Chapter 7 apply to all elec- 
trical appliances. Chapter 7 requirements and procedures 
are intended to be implemented by the hospital to evaluate 
existing equipment or to evaluate new equipment as part of 

routine incoming inspection procedures for all appliances 
in patient care areas. 

12-3.7.2 Laborator ies .  Equipment shall conform to the 
nonpatient electrical equipment requirements in Chapter 7. 
(See 7-5.2.2.2 for performance criteria; see 7-6.2.5 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. 

12-3.8.2 Nonpat ient .  Equipment  shall conform to the 
nonpat ien t  equipment  requirements  in Chapter  8, Gas 
Equipment.  

12-3.9 (Reserved) 

12-3.10 (Reserved) 

12o3.11 Hospitals shall comply with the provisions of  
Chapter  1 1 for disaster planning, as appropriate .  

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, 
1 12-4.1.1.1 Scope. The  purpose  of this section is to estab- 

lish performance and maintenance criteria for anesthetiz- 
ing locations and for equipment  and facilities ancillary 
thereto in order  to safeguard patients and health care per- 
sonnel from fire, explosion, electrical, and related hazards 
associated with the administrat ion of inhalation anesthetics. 

This section applies to all anesthetizing locations and 
related storage areas within hospitals in which inhalation 
anesthetics are administered.  

This section covers ambulatory care facilities that are 
part  of a hospital. This section does not apply to anesthe- 
tizing locations situated in freestanding ambulatory care 
facilities. 

This section is intended to provide requirements  to pro-  
tect against explosions or fires, electric shock, mechanical 
injury from compressed gases or compressed gas cylinders, 
or anoxia from erroneous gas connections and similar haz- 
ards, without unduly limiting the activities of the surgeon 
or anesthesiologist. This principle, without minimizing any 
of the aforementioned dangers,  recognizes that the physi- 
cians shall be guided by all the hazards to life that are 
inherent  to surgical procedures  carried out in anesthetiz- 
ing locations. 

This section does not cover animal operative facilities 
[ unless the animal operative facility is integral to a hospital. 

The provisions of this section do not apply to the manu- 
facture, storage, transportation,  or handling of inhalation 
anesthetics prior  to delivery to the consuming health care 
facility. They do not apply to any use other  than in an 
anesthetizing location and related storage areas. 

12-4.1.1.2 Purpose.  This section contains the require- 
ments for administration and maintenance that shall be 
followed as an adjunct to physical precautions specified in 
12-4.1.2. 

12-4.1.1.3" Recognition of Hazards and Responsibility. 

(a) The  hazards involved in the use of  inhalation anes- 
thetic agents can be successfully mitigated only when all of 
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the areas of hazard are fully recognized by all personnel, 
and when the physical protection provided is complete and 
is augmented by attention to detail by all personnel of  
administration and maintenance having any responsibility 
for the funct ioning of  anesthet iz ing locations. Since 
12-4.1.1 and 12-4.1.2 are expected to be used as a text by 
those responsible for the mitigation of associated hazards, 
the requirements set forth herein are frequently accompa- 
nied by explanatory text. 

(b) Responsibility for the maintenance of  safe conditions 
and practices in anesthetizing locations falls mutually upon 
the governing body of the hospital, all physicians using the 
anesthetizing locations, the administration of  the hospital, 
and those responsible for hospital licensing, accrediting, or 
other approval programs. 

(c) Inasmuch as the ultimate responsibility for the care 
and safety of  patients in a hospital is that of  the governing 
board of the hospital, that body in its responsibility for 
enforcement of  requirements contained in this chapter 
shall determine that adequate regulations with respect to 
anesthesia practices and conduct in anesthetizing locations 
have been adopted by the medical staff of  the hospital and 
that adequate regulations for inspection and maintenance 
are in use by the administrative, nursing, and ancillary per- 
sonnel of the hospital. 

(d) By virtue of  its responsibility for the professional 
conduct of  members of the medical staff of the hospital, the 
organized medical staffshall adopt regulations with respect 
to the use of inhalation anesthetic agents and to the pre- 
vention of  electric shock and burns (see Appendix C-12.3) 
and through its formal organization shall ascertain that 
these regulations are regularly adhered to. 

(e) In meeting its responsibilities for safe practices in 
anesthetizing locations, the hospital administration shall 
adopt or correlate regulations and standard operating pro- 
cedures to ensure that both the physical qualities and the 
operating maintenance methods pertaining to anesthetiz- 
ing locations meet the standards set in this chapter. The 
controls adopted shall cover the conduct of professional 
personnel in anesthetizing locations, periodic inspection to 
ensure the proper grounding of dead metal (see 3-3.3.2), 
and inspection of all electrical equipment, including testing 
of  line isolation monitors. 

12-4.1.1.4 Rules and Regulations. 

(a) Hospital authorities and professional staff shall 
jointly consider and agree upon necessary rules and regu- 
lations for the control of personnel concerned with anes- 
thetizing locations. Upon adoption, rules and regulations 
shall be prominently posted in the operating room suite. 
Positive measures are necessary to acquaint all personnel 
with the rules and regulations established and to ensure 
enforcement. 

] (b) The hazard symbols contained in NFPA 704, Stan- 
dard System for the Identification of the Fire Hazards of Materi- 
als, shall be employed throughout  the hospital, as appro- 
priate. Such use is particularly important in the operating 
suite and in gas and volatile liquid storage facilities. 

I 
12-4.1.2 Requirements for ALL Anesthetizing Locations. 

12-4.1.2.1 Ventilation. Ventilation of anesthetizing loca- 
tions shall conform to 5-4.1 and 5-6.1. 

12-4.1.2.2 Germicides. 

(a) Medicaments, including those dispersed as aerosols, 
may be used in anesthetizing locations for germicidal pur- 
poses, for affixing plastic surgical drape materials, for 
preparation of  wound dressing, or for other purposes. 

(b) Liquid germicides used in anesthetizing locations, 
whenever the use of cautery or electrosurgery is contem- 
plated, shall be nonflammable. 

(c) Whenever flammable aerosols are employed, suffi- 
cient time shall be allowed to elapse between deposition 
and application of drapes to permit complete evaporation 
and dissipation of any flammable vehicle remaining. 

NOTE: Some tinctures and solutions of disinfecting . 
agents can be flammable, and can be used improperly dur- 
ing surgical procedures. Tipping containers, accidental 
spillage, and the pouring of excessive amounts of such flam- 
mable agents on patients expose them to injury in the event 
of accidental ignition of tile flammable solvent. 

12-4.1.2.3 Smoking and Open Flames. Smoking and open 
flames shall be prohibited in all anesthetizing locations. 

12-4.1.2.4 Electrical Safeguards. 

(a) Physical safeguards built into the anesthetizing loca- 
tions or storage areas will not provide protection unless safe 
practices are followed and good maintenance is provided. 

(b) Scheduled inspections and written reports shall be 
maintained. 

(c) Rules to require prompt  replacement of  defective 
electrical equipment shall be adopted and rigidly enforced. 

(d) Personnel working in anesthetizing locations shall be 
instructed in these electrical safeguards. 

(e) All electrical equipment used in inhalation anesthe- 
tizing locations and areas ancillary thereto, or in other 
areas using conductive floors constructed in accordance 
with this section, shall be periodically tested for electrical 
safety. (See Appendix C-12.1.2.1.2.) 

(f) Members of  the professional staff shall be required to 
submit for inspection and approval any special equipment 
they wish to introduce into anesthetizing locations. Such 
equipment shall meet the requirements for the protection 
against electric shock as given in Chapter 7 (see 7-5.1.1.1). 

(g) Line-powered equipment that introduces current to 
the patient's body shall have the output circuit isolated 
from ground to ensure against an unintentional return cir- 
cuit through the patient. 

Exception: Equipment whose output circuit is grounded or 
ground-referenced shall be permitted, provided that the design pro- 
vides equivalent safety to an isolated output. 

12-4.1.2.5 Electric Connections and Testing. 

(a) Administrative authorities shall ascertain that elec- 
tric maintenance personnel are completely familiar with 
the function and proper operation of  ungrounded electric 
circuits required by 12-4.1.3.2. The significance of the sig- 
nal lamps and audible alarms installed to indicate acciden- 
tal grounds shall be explained to all personnel affected. A 
permanent sign shall be installed close to the position of  
the signal lamps to indicate their significance. Circuits in 
the panel boxes shall be clearly labeled, distinguishing 
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between grounded and ungrounded,  emergency and nor- 
mal circuits, so that immediate recognition is possible. 

(b) Extension cords shall not be connected to lighting fix- 
tures in anesthetizing locations under any circumstances. 

12-4.1.2.6 Electrical Systems. 

(a) A grounded electrical distribution system shall be 
permitted to be installed in anesthetizing locations. 

NOTE: If an anesthetizing location is a wet location, the 
provisions of 3-3.2.1.2(t~ apply. 

(b) High-voltage wiring for X-ray equipment shall be 
effectively insulated from ground and adequately guarded 
against accidental contact. 

(c) Approved permanently installed equipment shall be 
permitted to be supplied through a grounded single-phase 
or three-phase distribution system if installed in accor- 
dance with 2-6.3.3 of Annex 2. 

(d) An isolation transformer shall not serve more than 
one operating room except as provided in 12-4.1.2.6(e). 
For purposes of  this section, anesthetic induction rooms 
are considered part of the operating room or rooms served 
by the induction rooms. If  an induction room serves more 
than one operating room, the isolated circuits of the induc- 
tion room shall be permitted to be supplied from the isola- 
tion transformer of any one of the operating rooms served 
by that induction room. 

Exception: h~ existing hospitals where one isolation transformer 
is serving more than one inhalation anesthetizing location, pro- 
vided the .system has been installed in accordance with previous 
editions of this section (fo~nerly NFPA 56A) where such systems 
were permitted. 

(e) Isolation transformers shall be permitted to serve sin- 
gle receptacles in several patient areas when the receptacles 
are reserved for supplying power to equipment requiring 
150 volts o1" higher, such items as portable X-ray units, and 
when the receptacles and mating plugs are not interchange- 
able with the receptacles on the local isolated power system. 

12-4.1.2.7 Gases. 

(a) Storage Locations or Manifold Enclosures for Oxygen and 
Nitrous Oxide. The location and ventilation of  storage 
rooms or manifold enclosures for oxygen and nitrous 
oxide shall comply with Chapters 4 and 5. 

(b) Nonflammable Medical Gas Piping Systems. Oxygen 
and nitrous oxide manifolds and piping systems that sup- 
ply anesthetizing locations shall comply with Chapter 4. 

12-4.1.2.8 Anesthetic Apparatus. Anesthetic apparatus 
shall conform to the requirements in 8-5.1.2.1. 

12-4.1.2.9 Electrical Equipment. (See 12-3.7.1.) 

12-4.1.2.10 Fire Loss Prevention. 

(a) Hazard Assessment. 

1. An evaluation shall be made of hazards that might 
be encountered during surgical procedures. The evalua- 
tion shall include hazards associated with the properties of 
electricity, hazards associated with the operation of surgical 
equipment, and hazards associated with the nature of  the 
environment. 

2. Periodic reviews of surgical operations and proce- 
dures shall be conducted with special attention given to 
any change in materials, operations, or personnel. 

(b) Fire Prevention Procedures. Fire prevention proce- 
dures shall be established. 

(c) Emergency Procedures. 

1. Procedures  for opera t ing  room/surgical  suite 
emergencies shall be developed. Such procedures shall 
include alarm actuation, evacuation, and equipment shut- 
down procedures, and provisions for control of  emergen- 
cies that might occur in the operating room including spe- 
cific detailed plans for control operations by an emergency 
control group within the organization or a public fire 
department. 

2. Emergency procedures shall be established for con- 
trolling chemical spills. 

3. Emergency procedures shall be established for 
extinguishing drapery, clothing, or equipment fires. 

(d) Orientation and Training. 

1. New opera t ing room/surgical  suite personnel ,  
I including physicians and surgeons, shall be taught general 

safety practices for the area and specific safety practices for 
the equipment and procedures they will use. 

2. Continuing safety education and supervision shall 
be provided, incidents shall be reviewed monthly, and pro- 
cedures shall be reviewed annually. 

3. Fire-exit drills shall be conducted periodically. 

1 
12-4.2" Laboratories. Laboratories in hospitals shall 
comply with the requirements of Chapter 10 as applicable 
and the requirements of NFPA 45, Standard on Fire Protec- 
tion for Laboratories Using Chemicals, as applicable. 

1996 Edition 



99-102 H EALTH CARE FACI LITI ES 

Chapter 13 Ambulatory Health Care Center 
Requirements 

13-1 Scope. This chapter  addresses safety requirements  
for ambulatory health care centers. 

13-2 General Responsibilities. 

13-2.1 Laboratories .  The  governing boards of ambula- 
tory health care centers shall have the responsibility of  pro- 
tecting the facilities (for patient care and clinical investiga- 
tion) and the personnel  employed therein. 

13-3 General Requirements. 

13-3.1 (Reserved) 

13-3.2 (Reserved) 

13-3.3 Electrical System Requirements. 

13-3.3.1 Normal Electrical Distribution System. (Reserved) 

13-3.3.2 Essential Electrical Distribution System. The 
essential electrical distribution system shall conform to the 
Type  1 system as described in Chapter  3 if critical care 
areas are present  in the facility. Otherwise, the essential 
electrical distribution system shall conform to a Type 3 sys- 
tem as described in Chapter  3. 

13-3.4 Gas and Vacuum System Requirements. For pur-  
poses of  p iped  gas and vacuum system requi rements ,  
ambulatory health care centers (AHCC) include, but  are 
not  l imited to, urgi-care  centers,  day surgical centers,  
or thopedic  practices, and plastic surgery practices. 

13-3.4.1 If  installed, patient gas systems shall conform to 
Level 1 gas systems of Chapter  4. 

A single alarm panel, as described in 4-4-3.1.2.1(b)2, 
shall be mounted  in an area of  continuous surveillance 
while the facility is in operation.  

Exception No. 1: Medical air compressors shall be permitted to 
be simplex. 

Exception No. 2: Dryers, after-coolers, filters, and regulators, as 
listed in 4-3.1.1.9(g), shall be permitted to be simplex. 

Exception No. 3: One alarm panel that complies with 
4-3.1.2.1(b)3a, b, c, and d, and with 4-3.1.2.1(c)2 and 5, shall 
be permitted. 

Exception No. 4: Pressure switches shall be mounted at the 
source with a pressure gauge or readout located at the master 
alarm panel. 

13-3.4.2 If  installed, patient vacuum systems shall con- 
form to Level 1 vacuum systems of Chapter  4. 

Exception: Medical vacuum pumps shall be permitted to be simplex. 

13-3.4.3 If  installed, patient WAGD systems shall conform 
to Level 1 WAGD systems of  Chapter  4. 

13-3.4.4 If  installed, laboratory gas systems shall conform 
to Level 4 gas systems of Chapter  4. 

13-3.4.5 If  installed, laboratory vacuum systems shall con- 
form to Level 4 vacuum systems of Chapter  4. 

13-3.5 Environmental Systems. (Reserved) 

13-3.6 Material Requirements. (Reserved) 

13-3.7 Electrical Equipment Requirements. 

13-3.7.1 Patient Care Areas. Electrical appliances shall 
conform to Chapter  7. 

13-3.7.2 L a b o r a t o r i e s .  E q u i p m e n t  shall  conform to 
7-5.2.2 and Section 7-6. 

13-3.8 Gas Equipment Requirements. 

13-3.8.1 Patient.  Equipment  shall conform to the patient 
equipment  requirements  in Chapter  8. 

13-3.9 (Reserved) 

13-3.10 (Reserved) 

13-3.11 Ambulatory health care centers shall comply with 
the provisions of  Chap te r  11 for disaster planning,  as 
appropr ia te .  

13-4 Specific Area Requirements. 

NOTE: This is in addition to any applicable requirements 
in Section 13-3. 

13-4.1 Anesthetizing Locations. Anesthetizing locations 
in ambulatory health care centers shall comply with the 
requirements  in 12-4.1. 

13-4.2" Laboratories .  Laboratories in ambulatory health 
care centers shall comply with the requirements  of  Chapter  
10 as applicable and the requirements  of NFPA 45, Stan- 
dard on Fire Protection for Laboratories Using Chemicals, as 
applicable. 
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Chapter 14 Clinic Requirements 

14-1 Scope. This chapter  addresses safety requirements 
of  clinics. 

14-2 General Responsibilities. 

14-2.1 Labora tor ies .  The  governing  boards  of  clinics 
shall have the responsibility of protecting the facilities (for 
patient care and clinical investigation) and the personnel  
employed therein. 

14-3 General Requirements. 

14-3.1 (Reserved) 

14-3.2 (Reserved) 

14-3.3 Electrical System Requirements. 

14-3.3.1 Normal Electrical Distribution System. 
(Reserved) 

14-3.3.2 Essential Electrical Distribution System. The 
essential electrical distribution system shall conform to the 
Type II I  system as described in Chapter  3. 

Exception: I f  electrical life support equipment is required, the 
essential electrical distribution system shall conform to a Type I 
system as described in Chapter 3. 

14-3.4 Gas and Vacuum System Requirements. 

14-3.4.1 If  installed, patient gas systems shall conform to 
Level 1 gas systems of Chapter  4. 

A single alarm panel, as described in 4-3.1.2. l(b)2, shall 
be mounted  in an area of continuous surveillance while the 
facility is in operation.  

Exception: For clinics that do not provide treatment that render 
patients incapable of self-prese~vation under emergency conditions: 

(a) Medical air compressors shall be permitted to be simplex. 

(b) Dryers, after-coolers, filters, and regulators, as listed in 
4-3.1.1.9(g), shall be permitted to be simplex. 

(c) One alarm panel that complies with 4-3.1.2.1(b)3a, b, c, 
and d, and with 4-3.1.2.1(c)2 and 5, shall be permitted. 

(d) Pressure switches shall be mounted at the source with a 
pressure gauge or readout located at the master alarm panel. 

14-3.4.2 If  installed, patient vacuum systems shall con- 
form to Level 1 vacuum systems of Chapter  4. 

Exception: For clinics that do not provide treatment that render 
patients incapable of self-preservation under emergency condi- 
tions, medical vacuum pumps shall be permitted to be simplex. 

14-3.4.3 (Reserved) 

14-3.4.4 If  installed, laboratory gas systems shall conform 
to Level 4 gas systems of  Chapter  4. 

14-3.4.5 If  installed, laboratory vacuum systems shall con- 
form to Level 4 vacuum systems of Chapter  4. 

14-3.5 Environmental Systems. (Reserved) 

14-3.6 Material Requirements. (Reserved) 

14-3.7 Electrical Equipment Requirements. 

14-3.7.1 Patient Care Areas. (Reserved) 

14-3.7.2 L a b o r a t o r i e s .  E q u i p m e n t  shall  confo rm to 
7-5.2.2 and 7-6. 

14-3.8 Gas Equipment Requirements. 

14-3.8.1 Patient .  Equipment  shall conform to pat ient  
equipment  requirements in Chapter  8. 

14-3.9 (Reserved) 

14-3.10 (Reserved) 

14-3.11 Clinics shall comply with the provisions of Chap- 
ter 11 for disaster planning, as appropria te .  

14-4 Specific Area Requirements. 

NOTE: This is in addition to other clinic requirements 
listed in Section 14-3. 

14-4.1" Laboratories.  Laboratories in clinics shall com- 
ply with the requirements of  Chapter  10 as applicable and 
the requirements of NFPA 45, Standard on Fire Protection for 
Laboratories Using Chemicals, as applicable. 
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Chapter 15 Medical and Dental Office 
Requirements 

15-1 General. 

15-1.1 Scope. This chapter addresses safety requirements 
of medical and dental offices. 

I 15-1.2 Applicabi l i ty .  This chapter applies to facilities 
wherein inhalation anesthesia are not administered to ambula- 
tory patients. For facilities that administer inhalation anesthe- 
sia, the requirements of Chapter 13 shall apply. 

15-2 General Responsibilities. 

15-2.1 Laboratories. The governing boards of  medical 
and dental offices shall have the responsibility of  protecting 
the facilities (for patient care and clinical investigation) and 
the personnel employed therein. 

15-3 General Requirements. 

15-3.1 (Reserved) 

15-3.2 (Reserved) 

15-3.3 Electrical System Requirements. 

15-3.3.1 Normal Electrical Distribution System. (Reserved) 

15-3.3.2 Essential Electrical Distribution System. The 
essential electrical distribution system shall conform to a 
Type 3 system as described in Chapter 3. 

Exception: I f  electrical life support equipment is required, the 
essential electrical distribution system shall conform to a Type 1 sys- 
tem as described in Chapter 3. 

15-3.4 Gas and Vacuum System Requirements. 

NOTE: For facilities that do not comply with the definition 
of "office practice medical/dental," as defined in Chapter 2, 
see 12-3.4, 13-3.4, 14-3.4, 16-3.4 or 17-3.4. 

15-3.4.1 If  installed, patient oxygen systems shall conform 
to Level 3 gas systems of  Chapter 4 if they meet the criteria 
of  4-5.5.2.3(a). Otherwise, such systems shall conform to 
Level 1 piped gas systems. 

Exception: When the delivery of gases to meet the facility's needs is 
not available within a 48-hour interval, a second nonconnection 
storage reserve location complying with 4-3.1.1.2(c) shall be permit- 
ted. The locations shall not be adjacent to each other or directly 
across the hallway with facing louver doors. 

15-3.4.2 If  installed, compressed-air systems used to power 
devices shall conform to Level 3 piped gas systems of  Chap- 
ter 4. 

15-3.4.3 I f  installed, compressed-air systems used for life- 
supporting air (e.g., to operate respirators or anesthesia 
equipment) shall conform to Level 1 piped gas systems of  
Chapter 4. 

15-3.4.4 I f  installed, ni t rogen systems used to power 
devices that operate below 160 psig (1100 kPa) shall conform 
to Level 3 piped gas systems of  Chapter 4. 

15-3.4.5 I f  installed, ni t rogen systems used to power 
devices that operate above 160 psig (1100 kPa) shall conform 
to Level 1 piped gas systems of Chapter 4. 

15-3.4.6 I f  installed, patient vacuum systems used for 
medical-surgical purposes shall conform to Level 1 vacuum 
systems of  Chapter 4. (See Section 2-2 for definition of vacuum 
system - -  Level 1, medical-surgical.) 

15-3.4.7 I f  installed, patient  vacuum systems used to 
remove liquid, air/gas, and solids from the treated area shall 
conform to Level 3 vacuum systems of  Chapter 4. 

15-3.4.8 I f  installed, laboratory gas systems shall conform 
to Level 4 gas systems of Chapter 4. 

15-3.4.9 If  installed, laboratory vacuum systems shall con- 
form to Level 4 vacuum systems of  Chapter 4. 

15-3.5 Environmental Systems. (Reserved) 

15-3.6 Material Requirements. (Reserved) 

15-3.7 Electrical Equipment Requirements. 

15-3.7.1 Patient Care Areas. (Reserved) 

15-3.7.2 Labora to r ies .  Equ ipmen t  shall confo rm to 
7-5.2.2 and 7-6. 

15-3.8 Gas Equipment Requirements. 

15-3.8.1 Patient. Gas equipment  shall conform to the 
patient equipment requirements in Chapter 8. 

15-3.9 (Reserved) 

15-3.10 (Reserved) 

15-3.11 Medical/dental offices shall comply with the provi- 
sions of Chapter 11 for disaster planning, as appropriate. 

15-4 Specific Area Requirements. 

NOTE: This in addition to other medical and dental office 
requirements listed in Section 15-3. 

15-4.1 Laboratories. Laboratories in medical and dental 
offices shall comply with the requirements of  Chapter 10, as 
applicable. 
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Chapter 16 Nursing Home Requirements 

16-1 Scope. This chapter  addresses safety requirements 
of nursing homes. 

16-2 General Responsibilities. 

16-2.1 Laboratories .  The  governing boards of nursing 
homes shall have the responsibility of  protecting the facili- 
ties (for patient care and clinical investigation) and the per- 
sonnel employed therein. 

16-3 General Requirements, 

16-3.1 (Reserved) 

16-3.2 (Reserved) 

16-3.3 Electrical System Requirements. 

16-3.3.1 Normal Electrical Distribution System. 
(Reserved) 

16-3.3.2 Essential electrical distribution systems shall con- 
form to the Type 2 systems as described in Chapter  3. 

Exception: Any freestanding nursing home that: 

(a) Maintains admitting and discharge policies that preclude 
the provision of care for any patient or resident who needs to be 
sustained by electrical life-support equipment, and 

(b) Offers no surgical treatment requiring general anesthesia, 
and 

(c) Provides an automatic battery-powered system or equip- 
ment that will be effective for at least 1 t/2 hours and is othe,voise 
in accordance with NFPA 101, Life Safety Code, and NFPA 70, 
National Electrical Code, and that will be capable of supplying 
lighting of at least I footcandle to exit lights, exit corridors, stair- 
ways, nursing stations, medication preparation areas, boiler 
rooms, and communication areas. This system must also supply 
power to operate all ala~wl s~stems. 

16-3.3.2.1 Nursing homes that meet the requirement  in 
the Exception to 16-3.3.2 shall be permit ted to use a bat- 
tery system or self-contained battery integral with equip- 
ment  in lieu of the alternate power source required in 
3-4.1.1.3. 

16-3.4 Gas and Vacuum System Requirements. 

16-3.4.1 If  installed, patient gas systems shall conform to 
Level 1 piped gas systems of Chapter  4. 

A single alarm panel, as described in 4-3.1.2. l(b)2, shall 
be mounted in an area of continuous surveillance while the 
facility is in operation.  

Exception: For facilities that do not provide mechanical ventila- 
tion or assisted mechanical ventilation: 

(a) Medical air compressors shall be permitted to be simplex. 

(b) Dryers, after-coolers, filters, and regulators, as listed in 
4-3.1.1.9(g), shall be permitted to be simplex. 

(c) One alarm panel that complies with 4-3.1.2.1(b)3a, b, c, 
and d, and with 4-3.1.2.1(c)2 and 5, shall be permitted. 

(d) Pressure switches shall be mounted at the source with a 
pressure gauge or readout located at the master alarm panel. 

16-3.4.2 If  installed, patient vacuum systems shall con- 
form to Level 1 vacuum systems of Chapter  4. 

Exception: Medical vacuum pumps shall be permitted to be simplex. 

16-3.4.3 (Reserved) 

16-3.4.4 Laboratory Gas Systems. (Reserved) 

16-3.4.5 Laboratory Vacuum Systems. (Reserved) 

16-3.5 Environmental Systems, (Reserved) 

16-3.6 Material Requirements. (Reserved) 

16-3.7 Electrical Equipment Requirements. 
16-3.7.1 Patient Care Areas. (Reserved) 

16-3.7.2 L a b o r a t o r i e s .  E q u i p m e n t  shall  confo rm to 
7-5.2.2 and 7-6. 

16-3.8 Gas Equipment Requirements. 

16-3.8.1 Patient.  Equipment  shall conform to require-  
ments for patient equipment  in Chapter  8. 

16-3.9 (Reserved) 

16-3.10 (Reserved) 

16-3.11 Nursing homes shall comply with the provisions 
of Chapter  11 for disaster planning, as appropria te .  

16-4 Specific Area Requirements. 

NOTE: This is in addition to other nursing home require- 
ments listed in Section 16-3. 

16-4.1 Laboratories.  Laboratories in nursing homes shall 
comply with the requirements of Chapter  10, as applicable. 
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Chapter 17 Limited Care Facility Requirements 

17-1 Scope. This chapter  covers safety requirements  of 
limited care facilities. 

17-2 General Responsibilities. 

17-2.1 Laborator ies .  The  governing boards  of l imited 
care facilities shall have the responsibility of  protect ing the 
facilities (for patient care and clinical investigation) and the 
personnel  employed therein. 

17-3 General Requirements. 

17-3.1 (Reserved) 

17-3.2 (Reserved) 

17-3.3 Electrical System Requirements. 

17-3.3.1 Normal Electrical Distribution System. (Reserved) 

17-3.3.2 Essential electrical distribution systems shall con- 
form to the Type  2 systems as described in Chapter  3. 

Exception: Any freestanding limited care facility that: 

(a) Maintains admitting and discharge policies that preclude 
the provision of care for any patient or resident who needs to be 
sustained by electrical life-support equipment, and 

(b) Offers no surgical treatment requiring general anesthesia, and 

(c) Provides an automatic battery-powered system or equip- 
ment that will be effective for at least 11/2 hours and is otherwise 
in accordance with NFPA 101, Life Safety Code, and NFPA 70, 
National Electrical Code, and that will be capable of supplying 
lighting of at least 1 footcandle to exit lights, exit corridors, stair- 
ways, nursing stations, medication preparation areas, boiler 
rooms, and communication areas. This system must also supply 
power to operate all alarm systems. 

17-3.3.2.1 Limited care facilities that meet the require- 
ments in the Exception to 17-3.3.2 shall be permit ted  to 
use a battery system or self-contained battery integral with 

equipment  in lieu of the alternate power source required 
in 3-4.1.1.3. 

17-3.4 Gas and Vacuum System Requirements. 

17-3.4.1 If  installed, patient gas systems shall conform to 
Level 3 gas systems of Chapter  4. 

Exception: For s~ystems with compressed gases totaling more than 
3000 cu f t  (85 m~), the source supply shall comply with a Level 1 
gas system of Chapter 4. 

17-3.4.2 If  installed, patient vacuum systems shall con- 
form to Level 3 vacuum systems of  Chapter  4. 

17-3.4.3 (Reserved) 

17-3.4.4 (Reserved) 

17-3.4.5 (Reserved) 

17-3.5 Environmental Systems. (Reserved) 

17-3.6 Material Requirements. (Reserved) 

17-3.7 Electrical Equipment Requirements. 

17-3.7.1 Patient Care Areas. (Reserved) 

17-3.7.2 L a b o r a t o r i e s .  E q u i p m e n t  shall confo rm to 
7-5.2.2 and 7-6. 

17-3.8 Gas Equipment Requirements. (Reserved) 

17-3.9 (Reserved) 

17-3.10 (Reserved) 

17-3.11 Limited care facilities shall comply with the pro- 
visions of Chapter  11 for disaster planning, as appropr ia te .  

17-4 Specific Area Requirements. 

NOTE: This is in addition to other limited care facility 
requirements listed in Section 17-3. 

17-4.1 Laboratories .  Laboratories in limited care facili- 
ties shall comply with the requirements  of  Chapter  10, as 
applicable. 
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Chapter 18 Electrical and Gas Equipment for 
Home Care 

18-1 Scope. This chapter addresses the requirements for 
the safe use of electrical and gas equipment  used for med- 
ical treatment outside health care facilities. 

NOTE: As part of the current decentralization of health 
care modalities traditionally the province of hospitals, 
patients are being treated at home using electrical and gas 
appliances that, if used in a health care facility, would come 
under the purview of this standard. 

18-2 Reserved 

18-3 Equipment. 

18-3.1 Reserved 

18-3.2 Reserved 

18-3.3 Reserved 

18-3.4 Reserved 

18-3.5 Reserved 

18-3.6 Reserved 

18-3.7 Electrical Equipment. Electrical equipment  used 
in the home for health care shall conform to such require- 
ments of Chapter 7 as applicable. 

18-3.8 Gas Equipment. Gas equipment used in the home 
for health care shall conform to such requirements  of 
Chapter 8 as applicable. 

18-4 Administration. 

18-4.1 Responsibility. It shall be the responsibility of the 
equipment supplier, which could be a hospital, an equip- 
ment  rental company, or an equipment sales company, to: 

(a) Appropriately instruct the equipment user to oper- 
ate the equipment  safely. This shall include written instruc- 
tions, demonstrations, and periodic review of the use. 

(b) Provide instruct ion on user main tenance  of the 
equipment, provide supervision of the maintenance, and 
provide such higher level maintenance as is appropriate. 

1996 Edition 



9 9 - 1 0 8  HEALTH CAR E FAC l L ITI ES 

Chapter 19 Hyperbaric Facilities 

19-1 Introduction and Scope. 

NOTE: During the past 20 years there has been a wide- 
spread interest in the use of oxygen at elevated environ- 
mental pressure to increase the partial pressure of oxygen 
in a patient's tissues in order to treat certain medical condi- 
tions or to prepare a patient for surgery. These techniques 
are also employed widely for the treatment of decompres- 
sion sickness (e.g., bends, caisson worker's disease) and car- 
bon monoxide poisoning. 

Recently, however, the level of knowledge and expertise 
has increased so dramatically that the codes are in need of 
updating. By the end of 1988, there were 218 hyperbaric 
facilities in operation in the U.S. and Canada. These facili- 
ties supported hyperbaric medical treatments for 62,548 
patients between 1971 and 1987. As these facilities provide 
therapy for disorders indicated for treatment, these num- 
bers will continue to increase. As the number  of facilities 
increases, the number  of patients treated will also increase. 

Such treatment involves placement of the patient, with or 
without attendants, in a hyperbaric chamber or pressure 
vessel, the pressure of which is raised above ambient pres- 
sure. In the course of the treatment, the patient breathes up 
to 100 percent oxygen. 

In addition to being used for patient care, these cham- 
bers also are being employed for research purposes using 
experimental animals and, in some instances, humans. 

The partial pressure of oxygen present in a gaseous mix- 
ture is the determinant  factor of the amount  of available 
oxygen. This pressure will rise if the volume percentage of 
oxygen present increases or if the total pressure of a given 
gas mixture containing oxygen increases or if both factors 
increase. Since the sole purpose of the hyperbaric technique 
of treatment is to raise the total pressure within the treat- 
ment  chamber,  an increased partial pressure of oxygen 
always is available during treatment unless positive means 
are taken to limit the oxygen content. In addition, the 
patient is often given an oxygen-enriched atmosphere to 
breathe. 

There is continual need for human diligence in the estab- 
lishment, operation, and maintenance of hyperbaric facilities. 

It is the responsibility of the chief administrator of the facil- 
ity possessing the hyperbaric chamber to adopt and enforce 
appropriate regulations for hyperbaric facilities. In formulat- 
ing and administering the program, full use should be made 
of technical personnel highly qualified in hyperbaric chamber 
operations and safety. 

It is essential that personnel having responsibility for the 
hyperbaric facility establish and enforce appropriate programs 
to fulfill the provisions of this chapter. 

Potential hazards can be controlled only when continually 
recognized and understood by all pertinent personnel. 

19-1.1 Purpose. 

19-1.1.1 T h e  p u r p o s e  of  this c h a p t e r  is to set fo r th  mini-  
m u m  sa fegua rds  for the  p r o t e c t i o n  of  pa t i en t s  or  o t h e r  
subjects  of, a n d  p e r s o n n e l  a d m i n i s t e r i n g ,  h y p e r b a r i c  t he r -  
apy a n d  e x p e r i m e n t a l  p r ocedu r e s .  Its p u r p o s e  is also to 
offer  some  g u i d a n c e  for  rescue  p e r s o n n e l  who  m i g h t  no t  
o rd ina r i l y  be  invo lved  in h y p e r b a r i c  c h a m b e r  o p e r a t i o n ,  
b u t  who  m i g h t  b e c o m e  so involved  in an  e m e r g e n c y .  

NOTE: Much is known about the safe application of 
hyperbaric medicine for tbe protection of hardware, per- 
sonnel, and facilities. Nonetheless, as new medical instru- 
mentation and engineering techniques are developed, new 
safety issues will continue to arise. Consequently, the Sub- 
committee on Hyperbaric and Hypobaric Facilities believes 

that this publication is needed for general guidance in areas 
of technological change and uncertainty as well as for firm 
requirements in areas where the technology is well under- 
stood and stable. Comments based on continuing experi- 
ence are solicited so that this chapter can be revised from 
time to time. 

19-1.1.2 Requ i r emen t s  cited in this section are  m i n i m u m  
ones. Discretion on  the  pa r t  of  c h a m b e r  opera to r s  and  o thers  
migh t  dictate the  es tab l i shment  of  m o r e  s t r ingen t  regulations.  

19-1.2 Scope. 
19-1.2.1 T h i s  c h a p t e r  app l i e s  to h y p e r b a r i c  c h a m b e r s  
a n d  associated facilities t ha t  a re  used,  or  i n t e n d e d  to be  
used,  for  medica l  app l i ca t i ons  a n d  e x p e r i m e n t a l  p roce -  
d u r e s  at  p r e s su re s  f rom 0 psig to 100 psig (14.7 psia to 
114.7 psia) (0 to 690 kPa gauge) .  

NOTE: This chapter does not apply to respiratory ther- 
apy employing oxygen-enriched atmospheres at ambient 
pressures. (See Chapter 8, Gas Equipment.) 

19-1.2.1.1 T h i s  c h a p t e r  covers  the  r e c o g n i t i o n  o f  a n d  
p r o t e c t i o n  aga ins t  haza rd s  of  an  electrical ,  explos ion ,  or  
imp los ion  n a t u r e ,  as well as fire hazards .  

19-1.2.1.2 Medica l  c o m p l i c a t i o n s  of  h y p e r b a r i c  p roce -  
d u r e s  a re  d iscussed  p r imar i ly  to acqua in t  r e scue  p e r s o n n e l  
with  these  p rob l ems .  

1 9 - 1 . 2 . 2  T h i s  c h a p t e r  a p p l i e s  to b o t h  s i n g l e -  a n d  
m u l t i p l e - p a t i e n t - o c c u p a n c y  h y p e r b a r i c  c h a m b e r s ,  to ani-  
mal  c h a m b e r s  the  size o f  which  p r e c l u d e s  h u m a n  occu- 
pancy,  a n d  to those  in which  the  c h a m b e r  a t m o s p h e r e  con-  
t a i n s  a n  o x y g e n  p a r t i a l  p r e s s u r e  g r e a t e r  t h a n  0.21 
a t m o s p h e r e  abso lu te  (3.09 psia). 

NOTE: Hazards differ significantly depending  on the 
occupancy and chamber  a tmosphere .  For this reason, 
chambers are classified (see 19-1.4) for the purpose of defin- 
ing the hazards and setting forth the safeguards within the 
chapter. 

19-1.3 Application of This Chapter. Thi s  c h a p t e r  shall  
be  app l i ed  only  to the  following: new cons t ruc t ion ;  new 
e q u i p m e n t  a d d e d  to new facilities; new e q u i p m e n t  a d d e d  
to ex is t ing  facilities. I t  shall  no t  r equ i r e  the  a l t e ra t ion  or  
r e p l a c e m e n t  of  ex is t ing  c o n s t r u c t i o n  or  e q u i p m e n t .  Exist- 
ing  c o n s t r u c t i o n  or  e q u i p m e n t  shall  be  p e r m i t t e d  to be  
c o n t i n u e d  in use  w h e n  such  use does  no t  cons t i tu t e  a dis- 
t inct  h a z a r d  to life. 

19-1.4 Classification of Chambers. 

19-1.4.1 G e n e r a l .  C h a m b e r s  shall  be  classified a c c o r d i n g  
to o c c u p a n c y  in o r d e r  to es tabl ish  a p p r o p r i a t e  m i n i m u m  
essentials  in cons t ruc t i on  a n d  ope ra t i on .  

19-1.4.2 Occupancy. 

(a) Class A - -  H u m a n ,  mul t ip le  occupancy.  
(b) Class B - -  H u m a n ,  single occupancy .  
(c) Class C - -  Animal ,  no  h u m a n  occupancy.  

NOTE: Chambers designed for animal experimentation 
but equipped for access of personnel to care for the animals 
are classified as Class A for the purpose of this chapter. 

19-1.5 Nature of Hazards. 

19-1.5.1 Th i s  c h a p t e r  for the  use of  h y p e r b a r i c  facilities is 
i n t e n d e d  to p r o v i d e  p ro t ec t i on  aga ins t  fire, explos ion ,  a n d  
o t h e r  h a z a r d s  w i thou t  u n d u l y  l imi t ing  the  activities of  
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professional personne l  involved in pat ient  (in the case of 
hospitals) or  o ther  care. This  principle,  without  min imiz ing  
the hazards,  recognizes that professional personnel  shall be 
guided by all of  the hazards to life that are i nhe ren t  in and  
a r o u n d  hyperbar ic  t r ea tment  procedures .  

19-1.5.2 Potential hazards involved in the design, con- 
struction,  operat ion,  and  ma in tenance  of hyperbar ic  facili- 
ties are formidable.  For a discussion of these hazards, see 
the in format ion  in Append ix  C-19. 

NOTE: The navies of the world have established an envi- 
able safety record in their use of hyperbaric facilities for 
deep-sea-diving research, training, and operations. A 
knowledge of this safety record must not lull hyperbaric 
personnel into a false sense of security, however. The 
potential hazards remain. Where civilian personnel -- 
patients, experimental subjects, and chamber attendants -- 
are involved, an appreciation of these hazards and their 
mitigation becomes even more important. 

19-2 Construction and Equipment. 

19-2.1 Housing for Hyperbaric Facilities. 

19-2.1.1 For Class A chambers  located inside a bui lding,  
the chamber(s)  and  all ancillary service e q u i p me n t  shall be 
protected by 2-hour  fire-resistive-rated construction.  

Exception No. 1:* Free-standing, dedicated buildings contain- 
ing onl~ a Class A chamber(s) and ancillary service equipment. 
(See Appendix A-19-2.1.1 Exception No. 1.) 

Exception No. 2: Chambers not contiguous to a health care facil- 
ity, and either located in a mobile, vehicle-mounted facility, or not 
permanently affixed to a foundation. 

19-2.1.I.1 I f  there  are connec t ing  doors th rough  such 
c o m m o n  walls of  contiguity,  they shall be at least B-label, 

] 1 l/z-hour fire doors. 

NOTE: Characteristics of building construction housing 
hyperbaric chambers and ancillary facilities are no less 
important to safety fi'om fire hazards than are the charac- 
teristics of the hyperbaric chambers themselves. It is con- 
ceivable that a fire emergency occurring immediately out- 
side a chamber, given sufficient fuel, could seriously 
endanger the life or lives of those inside the chamber. Since 
the service facilities such as compressors, cooling equip- 
ment, reserve air supply, oxygen, etc., will in all probability 
be within the salne building, these will also need protection 
while in themselves supplying life-maintaining service to 
those inside. 

[ 19-2.1.1.2 W h e n  used for hyperbar ic  p rocedures ,  the 
room or rooms hous ing  the Class A or Class B chambers  
shall be for the exclusive use of the hyperbar ic  operat ion.  
Service e q u i p m e n t  (e.g., compressors) shall be permi t ted  to 
be located in mult i -use spaces meet ing  the requ i rements  of 
19-2.1.1. 

19-2.1.1.3 The  suppor t ing  founda t ion  for any chamber  
shall be sufficiently s t rong to suppor t  the chamber .  Consid- 
erat ion shall be given to any added  floor stresses that will 
be created d u r i n g  any on-site hydrostatic testing. 

19-2.1.2 A hydraul ical ly  calculated automat ic  wet pipe 
spr inkler  system meet ing  the requ i rements  of  NFPA 13, 
Standard for  the Installation of Sprinkler Systems, shall be 
installed in the room housing  a Class A chamber  and  in any 
ancillary e q u i p m e n t  rooms. 

Exception: Class A chambers not contiguous to a health care 
facility, and either located in a mobile, vehicle-mounted facility, or 
not permanently affixed to a foundation. 

19-2.1.2.1 C h a m b e r  room spr inkler  heads shall be an  
approved  type equ ipped  with fusible elements.  The  ele- 
men t  t empera tu re  ratings shall be as low as possible, con- 
sistent with the r equ i remen t s  against  false opera t ion  in 
NFPA 13. 

NOTE: In addition to the functions of building protec- 
tion, the chamber room sprinkler system must be designed 
to ensure a degree of protection to chamber operators and 
occupants who likely will not be able to immediately evacu- 
ate the premises in the event of a fire. 

19-2.1.3 T h e  room or  rooms hous ing  Class B and  C 
chambers  shall be afforded spr inkler  protect ion in accor- 
dance with 19-2.1.2. 

Exception: Chambers not contiguous to a health care facility, 
and either located in a mobile, vehicle-mounted facility, or not 
permanently affixed to a foundation. 

19-2.2 Fabrication of the Hyperbaric Chamber. 

19-2.2.1 Chambers  for h u m a n  occupancy, and  their  sup- 
por t ing  systems, shall be designed and  fabricated to meet  
ANSI/ASME PVHO- la ,  Safety Standard for Pressure Vessels 
for Human Occupancy, by personnel  qualified to fabricate 
vessels u n d e r  such codes. As a m i n i m u m ,  animal  chambers  
shall be designed,  fabricated, and  s tamped to meet  ANSI/ 
ASME Section VIII ,  Division 1 code requi rements .  

NOTE: Other chapters in NFPA 99 contain many require- 
ments that might appear to relate to hyperbaric facilities, 
but might be inappropriate. The requirements of other 
chapters in NFPA 99 should be applied to hyperbaric facil- 
ities only where specifically invoked by this chapter. 

19-2.2.2 Class A chambers  shall be equ ipped  with a floor 
that is structurally capable of suppor t ing  e q u i p m e n t  and  
pe r sonne l  necessary for the ope ra t i on  of  the c h a m b e r  
according to its expected purpose.  

19-2.2.2.1 The  floor of  Class A chambers  shall be non-  
combustible.  

19-2.2.2.2 If  the procedures  to be carried out  in the Class 
A hyperbar ic  chamber  require  antistatic flooring, the floor- 
ing shall be installed in accordance with the provisions of 
12-4.1, Anesthet izing Locations. 

19-2.2.2.3 I f a  bilge is installed, access to the bilge shall be 
provided for c leaning purposes.  The  floor overlying the 
bilge shall be removable  or, as an alternative, there  shall be 
o ther  suitable access for c leaning the bilge. 

1 
19-2.2.2.4 If  the interior floor of a Class A chamber  consists 
of removable floor (deck) plates, the plates shall be mechani- 
cally secured and  electrically bonded  to the chamber  to 
ensure  a positive electrical g round  and  to prevent  movement  
of the plate, which could cause injury to personnel.  

19-2.2.3 The  inter ior  of Class A chambers  shall be unf in-  
ished or treated with a finish that is inorganic-zinc-based or 
high-quali ty epoxy or equivalent ,  or that is flame resistant. 

19-2.2.3.1 If the interior of a Class A chamber  is treated 
(painted) with a finish listed above, a m in im um  of 72 hours 
shall pass before chamber  operations with chamber  person- 
nel aboard, to allow sufficient time for off-gassing to occur. 
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19-2.2.3.2 If sound-deadening materials are employed 
within a hyperbaric chamber, they shall be flame resistant 
as defined in Chapter 2, "Definitions." 

NOTE: Many commercial sound-deadening materials that 
might be flame resistant are porous, and will absorb water 
from activation of the fire-suppression system and retain 
odor. Metallic panels that contain a large quantity of small 
holes or are made of wire mesh and are installed about 1 
inch away from the chamber wall can be used to form an 
acoustic baffle. These pan'els should be made from 
corrosive-resistant materials such as stainless steel or alumi- 
num and can be painted in accordance with 19-2.2.3. 

19-2.2.4 A sufficient number  of viewing ports and access 
ports for piping and monitoring and related leads shall be 
installed dur ing initial fabrication of the chamber. 

NOTE: Prudent design considerations suggest that at least 
50 percent excess pass-through capacity be provided, for 
future use, given the difficulty of adding pass-throughs to 
the chamber after it is constructed and tested. 

19-2.2.4.1 Access ports in Class A chambers for monitor- 
ing and other electrical circuits shall be housed in enclo- 
sures that are weatherproof both inside and outside the 
chamber for protection in the event of sprinkler activation. 

19-2.2.4.2 Viewports and pene t r a to r  plates shall be 
designed and fabricated according to ANSI/ASME PVHO- 
1 a, Safety Standard for Pressure Vessels for Hunuzn Occupancy. 

19-2.3 Il lumination.  

19-2.3.1 Unless designed for chamber use, sources of illu- 
mination shall be mounted outside the pressure chamber 
and arranged to shine through chamber ports or through 
chamber penetrators designed for fiberoptic or similar 
lighting. 

19-2.3.1.1 Lighting fixtures used in conjunct ion with 
viewports shall be designed so that temperature ratings for 
the viewport material given in ANSI/ASME PVHO-la  are 
not exceeded. 

19-2.3.1.2 Gasket material shall be of a type that permits 
the movement of thermal expansion and shall be suitable 
for the temperatures, pressures, and composition of gases 
involved. Gaskets of O-rings shall be confined to grooves or 
enclosures, which will prevent their being blown out or 
squeezed from the enclosures or compression flanges. 

19-2.3.2 Fluorescent  lamps shall be permit ted  to be 
employed for general illumination within Class A chambers 
provided the ballasts are positioned outside the chamber and 
the fixtures are housed in self-contained, vented containers. 

19-2.3.3 If it is necessary to employ portable surgical 
spot-illumination units in the chamber, these units shall be 
installed in a self-contained, vented, shatterproof fixture. 

19-2.3.4 Permanent  lighting fixtures installed within the 
hyperbar ic  chamber  shall meet  the r equ i r emen t s  of 
19-2.7.3.10 and shall be rated for an external working 
pressure of 11/2 times maximum chamber operating pres- 
sures. Portable lighting units used in the chamber shall 
comply with the requirements for portable equipment  in 
19-2.7.3.11. 

19-2.3.5 Emergency Lighting. Where normal chamber 
interior lighting is provided by internally mounted fix- 

tures, provisions shall be made for externally mounted, 
automatically activated emergency lights. 

19-2.4 Chamber Ventilation. 

19-2.4.1 Whenever the Class A chamber is used as an 
operating room, it shall be adequately ventilated and the 
air supply thereto conditioned according to the minimum 
requ i remen t s  for t empera tu re  for hospital opera t ing  
rooms as specified in 12-4.1, Anesthetizing Locations. 

Exception: Class A chambers that are not used in the capacity of 
an operating room shall maintain a temperature that is comfort- 
able for the occupants [usually 75 ° +- 5°F (22 ° +- 2°C)]. The 
thermal control system should be designed to maintain the temper- 
ature below 85°F (29°C) during pressurization, if possible, and 
above 65°F (19°C) during depressurization, if possible. 

NOTE: Section 12-4.1, Anesthetizing Locations, specifies a 
desirable temperature of 68°F (20°C). It is impractical to 
maintain such a temperature during pressurization, but 
efforts should be made in the design and operation of ther- 
mal control systems to maintain the temperature as close to 
75°F (22°C) as possible. The air-handling system of all Class 
A chambers should be capable of maintaining relative 
humidity in the range of 50 to 70 percent during stable 
depth operations. 

19-2.4.1.1 The minimum ventilation rate for a Class A 
chamber  shall be 3 actual cu ft (0.085 actual m :~) per 
minute of air per chamber occupant not using a breathing 
mask overboard dump system that exhausts exhaled gases. 
The min imum threshold rate shall be 3 actual cu ft per 
minute (0.085 actual m 3 per minute). 

Exception: The ventilation rate requirements of this paragraph 
are waived when saturation operations are conducted in the cham- 
ber, provided that carbon dioxide removal and odor control are 
accomplished and that the monitoring requirements of 19-2.8.5. I 
and 19-2.8.6 are met. 

NOTE: Experience and practice might dictate the need 
for a threshold ventilation rate in excess of the minimum 
specified for sanitary reasons. It is recommended that con- 
sideration be given, if necessary, to the use of odor filters in 
the chamber circulation system as a means of keeping sani- 
tary ventilation rate requirements to a minimum." 

19-2.4.1.2 If inhalation anesthetic agents are being uti- 
lized (e.g., nitrous oxide, methoxyflurane, halothane), a 
closed anesthetic system with exhaled-gas scavenging and 
overboard dumping  shall be employed. 

19-2.4.1.2.1 Flammable inhalation anesthetics (i.e., cyclo- 
propane, ethyl ether, ethylene, and ethyl chloride) shall 
not be employed. 

19-2.4.1.3 Provision shall be made for ventilation dur ing 
nonpressurization of Class A chambers as well as dur ing 
pressurization. 

19-2.4.1.4 Individual breathing apparatus shall be sup- 
plied for each occupant of a Class A chamber for use in 
case air in the chamber is fouled by combustion or other- 
wise. Each breathing apparatus shall be available for imme- 
diate use, and the breathing mixture shall be independent  
of chamber atmosphere. The breathing gas supply shall be 
sufficient for simultaneous use of all breathing apparatus. 
Such apparatus shall function at all pressures that can be 
encountered in the chamber. In the event of a fire within a 
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chamber, provision shall be made to switch all breathing 
apparatus to an air supply that is independent  of the cham- 
ber atmosphere. 

] 19-2.4.1.5 An alternative source for breathing air shall be 
available outside a Class A chamber for use by personnel in 
the event that the air in the vicinity of the chamber is 
fouled by smoke or other combustion products of fire. 

19-2.4.2 Sources of air for chamber atmospheres shall be 
such that toxic or flammable gases are not introduced. 
Compressor intakes shall be located so as to avoid air con- 
taminated by exhaust from activities of vehicles, internal 
combus t ion  engines ,  s ta t ionary  engines ,  or b u i l d i n g  
exhaust outlets. 

NOTE: If intakes are located where it might be possible 
for maintenance to be conducted in the immediate vicinity, 
a warning sign should be posted. 

19-2.4.2.1 Positive efforts shall be undertaken to ensure 
that air for chamber atmosphere is not fouled by handling. 
This air supply shall be monitored as required in 19-2.8.7. 

19-2.4.3 Warming or cooling of the atmosphere within a 
Class A chamber shall be permitted by circulating the ambi- 
ent air within the chamber over or past coils through which a 
constant flow of warm or cool water is circulated. Dehumidi- 
fication shall be permitted through the use of cold coils; 
humidification, by the use of an air-powered water nebulizer. 
Suitable noncombustible packing and nonflammable lubri- 
cant shall be employed on the fan shaft. 

19-2.4.4 Ventilation of  Class B Chambers, 

19-2.4.4.1 Class B chambers, if ventilated with air, shall 
conform to the ventilation requirements of Class A chambers. 

19-2.5 Fire Protection in Class A Chambers. 

19-2.5.1 General Requirements.  

19-2.5.1.1 A fire suppression system consisting of an 
independently supplied and operating handline and del- 
uge system shall be installed in all Class A chambers. 

19-2.5.1.2 Design of the fire suppression system shall be 
such that failure of components in either the handline or 
deluge system will not render  the other system inoperative. 

19-2.5.1.3 System design shall be such that activation of 
either the handline or the deluge system shall automati- 
cally cause the following: 

(a) Visual and aural indication of activation shall occur 
at the chamber operator's console. 

(b) All ungrounded  electrical leads for power and light- 
ing circuits contained inside the chamber shall be discon- 
nected. Intrinsically safe circuits, including sound-powered 
communications, are not required to be disconnected. 

(c) Emergency lighting (see 19-2.3.5) and communica- 
tion, where used, shall be activated. 

19-2.5.1.4 A fire alarm signaling device shall be provided 
at the chamber operator's control console for signaling the 
telephone operator or a suitable authority to activate the 
emergency fire/rescue network of the institution containing 
the hyperbaric facility. 

NOTE: This requirement does not preclude the use ofau 
alarm system affording direct fire department contact. 

19-2.5.1.5 Fire blankets and portable carbon dioxide 
extinguishers shall not be installed in or carried into the 
chamber. 

NOTE: Experience has shown that fire blankets, portable 
carbon dioxide extinguishers, and other methodology 
intended to "snuff out" fires by excluding air are not effec- 
tive in controlling fires in oxygen-enriched atmospheres. 
Valuable time can be lost in attempting to use such devices. 

19-2.5.1.6 Booster pumps;  control circuitry, and other 
electrical equipment  involved in fire suppression system 
operation shall be powered from a critical branch of the 
emergency electrical system as specified in 19-2.7.2.2(e). 

19-2.5.2 A fixed water deluge extinguishing system shall 
be installed in all chamber compartments that are designed 
for manned operations. In chambers that consist of more 
than one chamber compartment  (lock), the design of the 
deluge system shall ensure adequate operation when the 
chamber compartments are at different depths (pressures). 
The design shall also ensure the independent  or simulta- 
neous operation of deluge systems. 

Exception: Chamber compartments that are used strictly as per- 
sonnel transfer compartments (locks), and for no other purposes, 
are not required to have a fixed deluge system. 

19-2.5.2.1 Manual activation and deactivation deluge 
controls shall be located at the operator's console and in 
each chamber compartment (lock) containing a deluge sys- 
tem. Controls shall be designed to prevent unin tended 
activation. 

NOTE: More than one control station might be required 
in a compartment (lock) depending on its size. 

19-2.5.2.2 The deluge valve shall open within 1 second of 
a signal to activate the deluge. Water shall be delivered 
from the sprinkler heads beginning not less than 3 seconds 
after the activation signal. 

19-2.5.2.3 The  n u m b e r  and posi t ioning of spr inkler  
heads shall be sufficient to provide reasonably uniform 
spray coverage with vertical and horizontal (or near hori- 
zontal) jets. Average spray density at floor level shall be not 
less than 2 gpm per square foot (81.5 L/min/m 2) with no 
floor area larger than 1 square meter receiving less than 1 
gpm per square foot (40.75 L/min/m2). 

NOTE 1: Experience has shown that when water is dis- 
charged through conventional sprinkler heads into a hyper- 
baric atmosphere, the spray angle is reduced because of 
increased resistance to water droplet movement in the denser 
atmosphere. This is so even though the water pressure differ- 
ential is maintained above chamber pressure. Therefore, it is 
necessary to compensate by increasing the number of sprin- 
kler heads. It is recommended that spray coverage tests be 
conducted at maximum chamber pressure. 

NOTE 2: Some chamber configurations, such as small- 
diameter horizontal cylinders, might have a very tiny 
"floor," or even no floor at all. For horizontal cylinder 
chambers and spherical chambers, "floor level" shall be 
taken to mean the level at 1/4 diameter below the chamber 
centerline or actual "floor level," whichever gives the larger 
floor area. 

19-2.5.2.4 There shall be sufficient water available in the 
deluge system to maintain the flow specified in 19-2.5.2.3 
simultaneously in each chamber compartment (lock) 
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containing the deluge system for 1 minute. The  limit on 
maximum ext inguishment  durat ion shall be governed by 
the chamber  capacity (bilge capacity also, if so equipped)  
and/or  its dra inage system. 

19-2.5.2.5 The deluge system shall have stored pressure to 
operate for at least 15 seconds without electrical branch power. 

19-2.5.2.6 The  deluge and handl ine  systems shall be 
functionally tested at least annually per  19-2.5.2.3 for del- 
uge systems and 19-2.5.3.4 for handl ine  systems. I f  a 
bypass system is used, it shall not remain in the test mode 
after completion of the test. 

19-2.5.3 A handline extinguishing system shall be installed 
in all chamber compartments (locks). At least two handlines 
shall be strategically located in t reatment  compar tments  
(locks). At least one handline shall be located in each person- 
nel transfer compartment  (lock). I f  any chamber compart- 
ment (lock) is equipped with a bilge access panel, at least one 
handline shall be of sufficient length to allow use of the han- 
dline for fire suppression in the bilge area. 

19-2.5.3.1 Handlines shall have a l/2-inch minimum inter- 
nal d iamete r  and  shall have a ra ted  working pressure  
greater  than the highest supply pressure of  the supply sys- 
tem. 

19-2.5.3.2 Each handline shall be activated by a manual,  
quick-opening, quar ter- turn  valve located within the com- 
par tment  (lock). 

19-2.5.3.3 Handl ines  shall be equ ipped  with over r ide  
valves placed in easily accessible locations outs ide  the 
chamber.  

19-2.5.3.4 The  water supply for the handline system shall 
be designed to ensure a 50 psi (345 kPa) minimum water 
pressure above the maximum chamber  pressure. The  sys- 
tem shall be capable of  supplying a minimum of  5 gpm 
(18.8 L/min) simultaneously to each of  any two of  the hand- 
lines at the maximum chamber  pressure.  

19-2.5.4 Automatic fire detection systems are optional.  
Whether  installed and used in an alarm function or in an 
automatic deluge activation function, they shall meet the 
requirements  set forth below. 

19-2.5.4.1 Surveillance fire detectors responsive to the 
r a d i a t i o n  f rom f lame shall  be e m p l o y e d .  T y p e  and  
a r r a n g e m e n t  of  detectors  shall be such as to r e spond  
within 1 second of flame origination. 

19-2.5.4.2 The  number  of detectors employed and their 
location shall be dependen t  on the sensitivity of  each detec- 
tor and the configuration of the spaces to be protected.  

NOTE: Additional detectors are recommended to avoid 
"blind" areas if the chamber contains compartmentation. 

19-2.5.4.3 The  system shall be powered from the critical 
branch of the emergency electrical system or shall have 
automatic battery back-up. 

19-2.5.4.4 If  used to automatically activate the deluge sys- 
tem, the requirements  for manual activation/deactivation 
in 19-2.5.2.1 and deluge system response time in 19-2.5.2.2 
shall still apply. 

19-2.5.4.5 The  system shall include self-monitoring func- 
tions for fault detection and appropr ia te  fault alarms and 
indications. 

J 19-2.6 Fire Protection in Class B and C Chambers. Class 
B and C chambers shall not be required to comply with 
19-2.5, Fire Protection in Class A Chambers.  

19-2.7 Electrical Systems. 

19-2.7.1 General .  

19-2.7.1.1 The  requirements  of NFPA 70, National Electri- 
cal Code, or local electrical codes shall apply to electrical 
wiring and equipment  in hyperbaric facilities within the 
scope of  this chapter ,  except as such rules are modified in 
this section. Where  unusual conditions exist in a specific 
facility, the authori ty having jurisdiction shall j udge  with 
respect to the application of specific rules. 

19-2.7.1.2 All hyperbar ic  chamber  service equipment ,  
switchboards, panels, or control consoles shall be located 
outside of, and in the vicinity of, the chamber.  

19-2.7.1.3 Console or module  spaces conta ining both 
oxygen piping and electrical equipment  shall be continu- 
ously ventilated or  continuously moni tored for excessive 
oxygen concentrations whenever the electrical equipment  
is energized. 

19-2.7.1.4 For the fixed electrical installation, no circuit 
breakers,  line fuses, motor  controllers, relays, transform- 
ers, ballasts, l ighting panels,  or  power  panels shall be 
located inside of the chamber.  If  motors must be located in 
the  c h a m b e r ,  they  shal l  mee t  the  r e q u i r e m e n t s  of  
19-2.7.3.9. 

NOTE: h is recommended that system design be such 
that electric motors not be located inside the chamber. 

19-2.7.1.5 All electrical equipment  connected to or used 
in conjunction with hyperbaric patients shall comply with 
the requirements  of Chapter  7, Electrical Equipment in 
Health Care Facilities, and with the applicable paragraphs  
of 19-2.7.3. 

19-2.7.1.6 In the event of activation of  the room sprinkler  
system, electrical equipment  shall be protected from sprin- 
kler water to the maximal extent  possible, but  not need 
remain functional so long as manual means sufficient to 

J safely decompress the chamber  are provided.  

19-2.7.2 Electrical Service. 

19-2.7.2.1 All hyperbar ic  facilities in tended for human 
occupancy shall contain an electrical service that is sup- 
plied from two independen t  sources of electric power. For 
hyperbaric facilities located in a hospital, one power source 
shall be a pr ime-mover-dr iven generator  set located on the 
premises of the facility. This service shall be designated as 
the Emergency System and shall meet the requirements  of 
Chapter  3, Electrical Systems, of this s tandard for hyper- 
baric systems based in health care facilities. NFPA 70, Arti- 
cle 700, Emergency Systems, shall apply to hyperbaric sys- 
tems located in facilities other  than health care facilities. 

19-2.7.2.2 Electrical equipment  associated with life sup- 
por t  functions of  hyperbaric facilities shall be connected to 
the critical branch of the emergency system; that is, such 
equipment  shall have electrical power restored within 10 
seconds of interrupt ion of  normal power. Such equipment  
shall include, but not necessarily be limited to: 

(a) Electrical power outlets located within the chamber.  
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(b) Chamber  emergency lighting, whether internally or 
externally mounted.  

(c) Chamber  intercommunications.  
(d) Alarm systems, including fire detectors. 
(e) Chamber  fire suppression system equipment  and 

controls. Booster pumps (if installed) shall be on separate 
branch circuits serving no other  loads. 

(f) Other  electrical controls used for chamber  pressur- 
ization and ventilation control. 

(g) A number  of  chamber  room lights (either overhead 
or  local) to ensure continued safe operat ion of the facility 
dur ing  a normal  power outage. 

19-2.7.2.3 Electric-motor-driven compressors and auxil- 
iary electrical equ ipment  normal ly  located outside the 
chamber  and used for chamber  atmospheric control shall 
be connected to the equipment  system (see Chapter 3, Elec- 
trical Systems) or the emergency system (see NFPA 70, Article 
700), as applicable. Such equipment  shall be ar ranged for 
delayed-automatic or manual connection to the alternate 
power source so as to prevent  excessive current  draw on 
the system dur ing  restarting. 

Exception: When reserve air tanks of sufficient capacity to main- 
tain pressure and ventilation airflow within the chamber and to 
supply high-pressure air for the rapid pressurization of the cham- 
ber are provided, the compressor and auxiliary equipment need not 
have an alternate source of power. It is the intent of this para- 
graph that chamber occupants be assured of adequate ventilation 
air and that they are protected from rapid decompression in the 
event of a loss of normal power. 

19-2.7.2.4 Electrical control  and alarm systems design 
shall be such that hazardous conditions (e.g., loss of  cham- 
ber pressure control, deluge activation, spurious alarms) 
do not occur dur ing  power interrupt ion or dur ing  power 
restoration. 

19-2.7.3 Wir ing  and Equipment  inside Chambers.  Elec- 
tric wiring and fixed equipment  installed in the chamber  
shall comply with NFPA 70, Article 500 for the hazard 
group  classification as specified in the following para-  
graphs. No equipment  installed or used in the chamber  
shall present  an implosion or explosion hazard in the pres- 
surized chamber  environment.  

Exception: Where conformance with Class I, Division 1 require- 
ments is specified in the following paragraphs, confo;vnance with 
Class 1, Division 2 requirements are permitted to be substituted if 
the foUowing condition is met: 

(a) The limitations on the use in the chamber of alcohol and 
other agents that emit flammable vapors in the Exception to 
19-3.1.5.2 are strictly observed and such restrictions are promi- 
nently posted. 

19-2.7.3.1 Insulat ion.  All conductors inside the chamber  
shall be insulated with a material classified as flame resis- 
tant as defined in Chapter  2. This requirement  does not 
apply to conductors that form an integral part  of  electrical 
equipment  that is approved for use inside of the chamber.  

Exception: Ground conductors inside of a conduit need not be 
insulated. 

19-2.7.3.2 Wir ing  Methods.  Fixed wiring shall comply 
with the requirements for Class I, Division 1 locations of 
NFPA 70, Article 501-4, Wiring Methods. Wiring classified 
as intrinsically safe for Class I, Division 1, Group B loca- 

tions shall be permit ted using any of the methods suitable 
for ordinary locations. Intrinsically safe wiring shall meet 
the installation requirements  for Class I hazardous loca- 
tions of ANSI/ISA-RP 12.6, Installation of Intrinsically Safe 
Systems in Hazardous Locations. Fixed conduits, boxes, and 
enclosures shall be approved as explosionproof  for Class I, 
Division 1, Group A or B locations. 

19.2.7.3.3 Sealing and Drainage. Sealing and drainage 
shall be provided for the fixed conduit  and equipment  
enclosures inside the chamber as required in NFPA 70, 
Article 501-5 for Class I, Division 1. 

19-2.7.3.4 Flexible cords used to connect portable utiliza- 
tion equipment  to the fixed electrical supply circuit shall be 
of  a type approved for extra-hard utilization in accordance 
with NFPA 70, Table 70-4, shall include a ground conduc- 
tor, and shall otherwise meet the requirements of NFPA 
70, Article 501-11. 

19-2.7.3.5 Receptacles and at tachment plugs shall meet 
the requirements  of  NFPA 70, Article 501-12 and shall be 
approved for Group A or  B locations. They shall be part  of 
an approved unit device with an interlocking mechanism 
arranged so that the plug cannot be withdrawn or inserted 
when the circuit is energized. 

NOTE: It should be recognized that interruption of any 
powered circuit, even of very low voltage, could produce a 
spark sufficient to ignite a flammable agent. 

19-2.7.3.6 Switches shall meet the requirement  of NFPA 
70, Article 501-6, Class I, Division 1, except that switches 
for intrinsically safe circuits shall be permit ted to be of a 
type for ordinary locations. 

NOTE: It is recommended that all control switching func- 
tions inside the chamber be accomplished using intrinsically 
safe circuits that control power and control circuits located 
outside of the chamber. 

19-2.7.3.7 No equipment  shall be installed in or allowed 
in the chamber  that does not meet the tempera ture  rating 
requirements  of NFPA 70, Article 500-3(a), (b), and (c). 

19-2.7.3.8 There  shall be no exposed live electrical parts 
other than those that are intrinsically safe. 

19-2.7.3.9 " Motors shall meet the requirements  of NFPA 
70, Article 501-8(a)(1) for the chamber  pressure and oxy- 
gen concentration, or shall be of the totally enclosed types 
meeting NFPA 70, Article 501-8(a)(2) or (3). 

19-2.7.3.10 Internally installed lighting fixtures shall be 
enclosed types that are protected by a positive-pressure 
ventilating system in which clean air or diluent gas is circu- 
lated at a pressure at least 1 in. (2.5 cm) of water above 
chamber  pressure, and in which fixtures in which ventila- 
tion pressure differential drops  below 1 in. (2.5 cm) of 
water or the ventilation gas tempera ture  exceeds 140°F 
(60°C) are automatically deenergized.  

19-2.7.3.11 Portable (including battery-operated) electric 
or electronic equipment  used in the chamber and perma- 
nently installed sensors, communications, signaling, alarm, 
or remote-control  equipment  shall meet one of the follow- 
ing criteria: 

(a) Is listed intrinsically safe for Class I, Division 1, 
Group B locations. 

(b) Meets NFPA 70, Article 501-8(a)(2) or (3). 
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(c) Is hermet ical ly  sealed, filled with iner t  gas, and 
designed to be automatically deenergized when the inter- 
nal t empera ture  exceeds a maximum of  248°F (120°C) or  
when the internal pressure deviates from the initial charge 
pressure by more than 10 percent.  

(d) For communication equipment  such as speakers and 
microphones,  the allowable energy (voltage and power) 
shall meet the requirements  of 19-2.7.6.1. 

19-2.7.4 Grounding and Ground Fault Protection. 

19-2.7.4.1 The  chamber  shall be g rounded  according to 
the r equ i rement  of  NFPA 70, Article 250, Grounding .  
Resistance between the chamber  and ground  point  shall 
not exceed 1 ohm. 

19-2.7.4.2 In health care facilities, electrical power circuits 
located within the chamber  shall be suppl ied  from an 
ungrounded electrical system equipped with a line isolation 
monitor with appropriate  signal lamps and audible alarms. 
Such circuits shall meet the requirements of NFPA 70, Article 
517-160, Isolated Power Systems, and 517-160(b), Line Isola- 
tion Monitor. 

19-2.7.4.3 Wiring located both inside and outside the 
chamber,  which serves line level circuits and equipment  
located inside the chamber,  shall meet the grounding  and 
bonding requirements  of NFPA 70, Article 501-16. 

19-2.7.5 Wir ing  Outside the Chamber. 

19-2.7.5.1 Those electrical components  that must remain 
functional for the safe termination of a dive following acti- 
vation of  the room sprinkler  system shall be enclosed in 
waterproof  housing. 

19-2.7.5.1.1 All associate conduits shall be waterproof  and 
shall meet the requirements  of NFPA 70. Such conduits 
shall be equipped with approved drains. 

19-2.7.5.2 All other  electrical devices outside the chamber  
shall meet the requirements  of  NFPA 70. 

NOTE: It is necessary that these circuits be protected 
from exposure to water from the room sprinkler system 
protecting the chamber housing in the event of a fire in the 
vicinity of the chamber while it is in operation. 

19-2.7.6 Additional Wiring and Equipment Require- 
ments inside Class B Chambers. 

19-2.7.6.1 Electrical equipment  inside Class B chambers 
shall be restricted to communication functions and patient 
physiological monitor ing leads. Circuits shall not exceed 
28 V and 1/2 W. 

19-2.7.6.2 Lighting inside the chamber  shall be supplied 
from external  sources. 

19-2.8 Communications and Monitoring. 

19-2.8.1 General. 

19-2.8.1.1 Detectors, sensors, transducers, and communica- 
tions equipment located inside the chamber shall meet the 
requirements of 19-2.7.3.11. Wiring methods in the chamber 
shall meet the applicable requirements in 19-2.7.3. 

19-2.8.1.2 Control equipment,  power amplifiers, output  
transformers,  and monitors associated with communica- 
tions and monitor ing equipment  shall be installed outside 
the chamber  or shall otherwise meet the requirements  of 
19-2.7.3.11. 

19-2.8.2 Intercommunications. 

NOTE: Intercommunications equipment is mandatory for 
safe operation of a hyperbaric facility. 

19-2.8.2.1 An intercommunicat ion system shall connect 
all personnel  compartments  (locks), main compartments  
(locks), and the chamber  operator 's  control console. It is 
recommended  that multiple compar tment  (lock) Class A 
chambers be equipped with multiple channel systems, and 
that, in addition, a sound-powered telephone or surveil- 
lance microphone be furnished. 

19-2.8.2.2 Oxygen mask microphones shall be approved 
intrinsically safe at the maximum proposed pressure and 
95 -+ 5 percent  oxygen. 

19-2.8.3 Automatic fire detection equipment,  when used, 
shall meet  the appl icable  requ i rements  in 19-2.6 and 
19-2.5.4. 

19-2.8.4 Combustible Gas Detection. 

19-2.8.4.1 The  chamber  a tmosphere  shall be continu- 
ously moni tored for combustible gas concentrations when- 
ever any volatile agents (see 19-2.4.1.2) are used in the 
chamber.  The  moni tor  shall be set to provide audible and 
visual alarms at 10 percent  lower explosion limit (LEL) for 
the part icular gas used. 

19-2.8.5 Oxygen Monitoring. 

19-2.8.5.1 Oxygen levels shall be continuously monitored 
in any chamber  in which nitrogen or other  diluent gas is 
added  to the chamber  to reduce the volumetric concentra- 
tion of oxygen in the a tmosphere  (saturation operations). 
Audible and visual alarms shall indicate unsafe low oxygen 
partial pressure iu the chamber.  

19-2.8.5.2 Oxygen levels shall be continuously monitored 
in Class A chambers when breathing mixtures containing 
in excess of  21 pe rcen t  oxygen by volume are  being 
breathed by patients or at tendants and/or  any flammable 
agents are present  in the chamber.  Audible and visual 
alarms shall indicate volumetric oxygen concentrations in 
excess of  23.5 percent.  

19-2.8.6 Carbon Dioxide Monitoring. The  c h a m b e r  
a tmosphere  shall be monitored dur ing  saturation opera-  
tions whenever ventilation is not used (see 19-2.4.1.1, 
Exception) to ensure  that carbon dioxide levels do not 
exceed safe levels. 

19-2.8.7 Chamber Air Supply Monitoring. 

19-2.8.7.1 The  air supply of Class A and Class B cham- 
bers shall be sampled periodically for concentrations of  
carbon monoxide.  The  frequency of such monitoring shall 
depend  on the location of the air intake relative to poten- 
tial sources of  con tamina t ion .  Air  supp l i ed  from oil- 
lubricated compressors capable of contaminating the com- 
pressor output  due to wear or  failure shall be continuously 
monitored for volatilized hydrocarbons as well as carbon 
monoxide  at a location downstream from the oil filter 
when the compressors are running.  As a minimum, the air 
supplied to Class A and B chambers shall meet the require- 
ments of CGA Pamphlet  G-7.1, Commodity Specification for 
Air, Grade D. 
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NOTE 1: It is recommended that air be sampled at the air 
intake location at times when the intake air is likely to have 
maximum impurities (for example, when vehicles or sta- 
tionary engines upwind of the intake are running). 

NOTE 2: Because of the potential for contaminated air 
from oil-lubricated compressors, the use of oil-lubricated 
compressors is highly discouraged. 

NOTE 3: Air supplied to chambers periodically pressured 
with pure oxygen might need to meet more stringent 
requirements with respect to air quality. 

19-2.8.7.2 Air, oxygen, or o ther  breathing mixtures from 
certified commercially supplied flasks shall be randomly 
sampled to ensure quality control of subject gas. 

19-2.8.8 Electrical monitor ing equipment  used inside the 
chamber  shall comply with the applicable requirements  of 
19-2.7. 

NOTE: It is recommended that information about the sta- 
tus of an anesthetized or otherwise monitored patient be 
transmitted to the inside chamber attendants via the inter- 
communications system. As an alternative, the monitor indi- 
cators can be placed adjacent to a chamber viewport (or 
viewports) for direct observation by inside personnel. 

19-2.8.9 Closed-circuit TV moni tor ing of the chamber  
interior  shall be employed for chamber  operators  who do 
not have direct visual contact of the chamber  interior from 
their normal operat ing location. 

19-2.9 Other Equipment and Fixtures. 

19-2.9.1 All furniture permanent ly  installed in the hyper-  
baric chamber  shall be grounded.  

19-2.9.2 Exhaust from all classes of chambers shall be 
piped outside of the building, the point of exit being clear 
of all neighboring hazards and clear of  possible reentry of 
exhaust  gases into the building, and protected by a grille 
or fence of at least 2-ft (0.6-m) radius from the exhaust 
port. A protective grille or fence is not required when the 
exhaust  is above the building height. 

19-3 Administration and Maintenance. 

19-3.1 General. 

19-3.1.1 Purpose.  Section 19-3 contains requirements for 
administration and maintenance that shall be followed as an 
adjunct to physical precautions specified in Section 19-2. 

19-3.1.2 Recogni t ion of  Hazards.  The  hazards involved 
in the use of  hyperbaric facilities can be mitigated success- 
fully only when all of the areas of  hazard are fully recog- 
nized by all personnel  and when the physical protection 
provided is complete and is augmented  by attention to 
detail by all personnel  of administrat ion and maintenance 
having any responsibility for the functioning of the hyper-  
baric facility. The nature and degree of  these hazards are 
outlined in Appendix  C-19 of this document  and shall be 
reviewed by the safety di rector .  Since Section 19-3 is 
expected to be used as a text by those responsible for the 
mitigation of hazards of hyperbaric facilities, the require- 
ments set forth here in  are frequently accompanied  by 
explanatory text. 

19-3.1.3 Responsibility. 

19-3.1.3.1 Personnel having responsibility for the hyper-  
baric facility, and those responsible for licensing, accredit- 

ing, or approving institutions or other  facilities in which 
hyperbaric installations are employed,  shall establish and 
enforce appropr ia te  programs to fulfill the provisions of  
this chapter.  

19-3.1.3.2 A safety director shall be in charge of all hyper- 
baric equipment.  The  safety director shall have the author-  
ity to restrict potentially hazardous supplies and equip- 
ment from the chamber  [see 19-3.1.5.4(c)]. 

NOTE: The complexity of hyperbaric chambers is such 
that one person should be designated chamber operator, 
such as one in a position of responsible authority. Before 
starting a hyperbaric run, this person should acknowledge, 
in writing, in an appropriate log, the purpose of the run or 
test, duties of all personnel involved, and a statement that 
he or she is satisfied with the condition of all equipment. 
Exceptions should be itemized in the statement. 

19-3.1.3.3 The  ultimate responsibility for the care and 
safety of patients (in the case of a hospital) and personnel 
(in any institution) is that of the governing board.  Hence it 
is incumbent upon that body to insist that adequate rules 
and regulations with respect to practices and conduct in 
hyperbaric facilities be adopted by the medical or adminis- 
trative staff of the institution, and that adequate regula- 
tions for inspection and maintenance are in use by the 
administrative, maintenance, and ancillary (and in the case 
of a hospital, nursing and other  professional) personnel.  

19-3.1.3.4 By virtue of its responsibility for the profes- 
sional conduct  of members  of the medical staff of  the 
health care facility, the organized medical staff shall adopt  
adequate regulations with respect to the use of hyperbaric 
facilities located in health care facilities (see Appendix C-19.2 
and C-19.3) and th rough  its formal organiza t ion  shall 
ascertain that these regulations are regularly adhered  to. 
The  safety director shall be included in the planning phase 
of these regulations. 

19-3.1.3.5 In meeting its responsibilities for safe practices 
in hyperbaric facilities, the administrat ion of the facility 
shall adopt  or  correlate regulations and standard operat ing 
procedures  to ensure that both the physical qualities and 
the operat ing maintenance methods pertaining to hyper-  
baric facilities meet the standards set in this chapter.  The 
controls adopted shall cover the conduct  of personnel  in 
and a round  hyperbaric facilities and the appare l  and foot- 
wear allowed. They shall cover periodic inspection of static- 
d i ss ipa t ing  mater ia ls  and  of  all e lectr ical  equ ipmen t ,  
including testing of ground contact indicators. Electrical, 
mon i to r ing ,  l i f e - suppor t ,  p ro tec t ion ,  and  ven t i l a t ing  
a r r a n g e m e n t s  in the  h y p e r b a r i c  c h a m b e r  shal l  be 
inspected and tested regularly. 

NOTE: In the case of a hyperbaric facility located in a 
hospital, hospital licensing and other approval bodies, in 
meeting their responsibilities to the public, should include 
in their inspections not only compliance with requirements 
for physical install~/tions in hyperbaric facilities, but also 
compliance with the requirements set forth in Section 19-3 
of this chapter. 

19-3.1.4 Rules and Regulations. 

19-3.1.4.1 General .  It is recommended that administra- 
tive, technical, and professional staffs jointly consider 
and agree upon necessary rules and regulations for the 
control of personnel concerned with the use of hyperbaric 
facilities. Upon adoption,  rules and regulations shall be 
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prominent ly  posted in and a round  the hyperbaric chamber.  
Positive measures  are necessary to acquaint  all personnel  with 
the rules and regulations established and to assume enforce- 
ment.  Tra in ing  and discipline are mandatory.  

NOTE: It is recommended that all personnel, including 
trainees and those involved in the operation and mainte- 
nance of hyperbaric facilities, and including professional 
personnel and (in the case of hospitals) others involved in 
the direct care of patients undergoing hyperbaric therapy, 
be familiar with this chapter. Personnel concerned should 
maintain proficiency in the matters of life and fire safety by 
periodic review of this chapter, as well as any other perti- 
nent material. 

19-3.1.4.2 All p e r s o n n e l ,  i n c l u d i n g  those  invo lved  in 
ma in t enance  and repa i r  of  the facility, shall become  famil- 
iar with e m e r g e n c y  e q u i p m e n t  - -  its purposes ,  applica- 
tions, opera t ion ,  and limitations. 

19-3.1.4.3 Emergency procedures  best suited to the needs 
of  the individual facility shall be established. All personnel  
shall become thoroughly familiar with these procedures  and 
the me thods  o f  i m p l e m e n t i n g  them.  Ind iv idua l  c i rcum- 
stances dictate whe the r  such famil iar izat ion can best be 
afforded through the med ium of  a p rocedure  manual.  Per- 
sonnel  shall be trained to safely decompress  occupants when 
all powered  equ ipmen t  has been rendered  inoperative. 

19-3.1.4.4 A sugges ted  out l ine for e m e r g e n c y  action in 
the case o f  fire is con ta ined  in A p p e n d i x  C-19.2. 

19-3.1.4.5 Fire t ra in ing  drills shall be car r ied  out  at reg- 
ular  intervals. 

NOTE: A calm reaction (without panic) to an emergency 
situation can be expected only if the above recommenda- 
tions are familiar to and rehearsed by all concerned. 

19-3.1.5 General Requirements. 

19-3.1.5.1 Open Flames and Hot Objects. S m o k i n g ,  
open  flames, hot  objects, and ul t raviolet  sources, which 
would  cause p r e m a t u r e  opera t ion  o f  f lame detectors ,  when 
installed,  shall be p roh ib i t ed  f rom hyperba r i c  facilities, 
both  inside and outside,  and in the immedia t e  vicinity of  
the chamber .  T h e  immed ia t e  vicinity o f  the chambe r  is 
de f ined  as the genera l  s u r r o u n d i n g  area  f rom which acti- 
vat ion o f  the f lame de tec tor  can occur.  

19-3.1.5.2 Flammable Gases and Liquids. 

[ (a) F lammable  agents  ( including devices such as labora- 
tory bu rne r s  employ ing  bot t led o r  natural  gas and ciga- 
re t te  lighters) shall be forb idden  inside the chambe r  and 
f rom the proximi ty  o f  the compresso r  intake. 

] Exception." For Class A chambers, flammable agents used for 
patient care, such as alcohol swabs, parenteral alcohol-based phar- 
maceuticals, and topical creams, shall be permitted in the chamber 
if  the following conditions are met: 

I. Such use is approved by the safety director, or other author- 
ity having jurisdiction. 

2. The quantities of such agents are limited so that they are 
incapable of releasing sufficient flammable vapor into the chamber 
atmosphere to exceed the LEL for the material. A safety factor shall 
be included to account for the localized concentrations, stratifica- 
tion, and the absence of ventilation. (See Note 2 for a sample 
calculation.) 

3. The oxygen monitoring requirement of 19-2.8.5.2 is 
observed. 

NOTE 1: Allowable quantities for the Exception can be 
determined from the chamber volume, flammable agent 
vapor density, and lower explosive limit (LEL). Experience 
has shown that increased pressure has little effect on LEL 
for a given flammable gas and oxygen concentration. A 
safety factor of 10 is recommended. Flammable liquids 
should be confined to nonbreakable, nonspill containers. 

NOTE 2: Example of Limiting Quantity of Flammable 
Agent Substance: lsopropyl alcohol (2-propanol) 

LEL = 2%/vol. (irrespective of chamber pressure) 
Vapor density: 2.1 relative to air 
Liquid density: 786 g/Liter 
Air density: 0.075 lb/cu ft at STP 

The limiting case occurs at the lowest ambient pressure, i.e., 
1 atmosphere: 

alcohol vapor density at LEL = 0.02 × 2.1 x 0.075 
= 0.00315 lb/cu ft 
= 1.43 g/cu ft 

For a relatively small 500 cu ft chamber, this implies: 
1.43 x 500 = 715 g alcohol vapor at LEL 

Using a safety factor of 10 to account for uneven vapor con- 
centrations gives 71.5 g = 91 ml alcohol. 

One might conclude that even 90 ml alcohol is more than 
would be needed for most any medical procedure. The 
above calculation also does not account for the mitigating 
effect of ventilation. 

NOTE 3: Many "inert" halogenated compounds have 
been found to act explosively in the presence of metals, 
even under normal atmospheric conditions, despite the fact 
that the halogen compound itself does not ignite in oxygen, 
or, in the case of solids such as polytetrafluoroethylene, is 
self-extinguishing. Apparently these materials are strong 
oxidizers whether as gases, liquids (solvents, greases), or 
solids (electrical insulation, fabric, or coatings). Some halo- 
genated hydrocarbons that will not burn in the presence of 
low-pressure oxygen will ignite and continue to burn in 
high-pressure oxygen. Customarily, Class A chambers 
maintain internal oxygen concentration that does not 
exceed 23.5 percent. 

NOTE 4: Parts of this chapter deal with the elements 
required to be incorporated into the structure of the cham- 
ber to reduce the possibility of electrostatic spark dis- 
charges, which are a possible cause of ignition in hyperbaric 
atmospheres. The elimination of static charges is dependent 
on the vigilance of administrative activities in materials, 
purchase, maintenance supervision, and periodic inspection 
and testing. It cannot be emphasized too strongly that an 
incomplete chain of precautions generally will increase the 
electrostatic hazard. For example, conductive flooring can 
contribute to the hazard unless all personnel wear conduc- 
tive shoes, all objects in the room are electrically continuous 
with the floor, and humidity is maintained. 

I (b) No f lammable  liquids, gases, or  vapors  shall be per-  
mit ted inside any Class B chamber .  

19-3.1.5.3 Personnel. 

(a) The .  n u m b e r  o f  occupants  of  the c h a m b e r  shall be 
kept  to the m i n i m u m  n u m b e r  necessary to carry out  the 
p rocedure .  
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(b) Antistatic procedures  as directed by the safety direc- 
tor shall be employed whenever atmospheres containing 
more than 23.5 percent  oxygen by volume are used. 

(c) In Class A and Class B chambers with atmospheres 
containing more  than 23.5 percent  oxygen by volume, 
electrical g rounding  of the patient shall be ensured by the 
provision of a high- impedance conductive pathway in con- 
tact with the patient 's skin. 

(d) Because of the possibility of  percussion sparks, shoes 
having ferrous nails that make contact with the floor shall 
not be permit ted to be worn in Class A chambers. 

19-3.1.5.4 Textiles. 

(a) Silk, wool, or  synthetic textile materials shall not be 
permit ted in Class A or Class B chambers unless the fabric 
meets the flame resistant requirements of  19-3.1.5.4(d). 

(b) Garments  fabricated of  100 percent  cotton or  an 
antistatic blend of  cotton and a polyester fabric shall be 
permit ted in Class A chambers equipped with fire protec- 
tion as specified in 19.2.5, and in Class B chambers. 

(c) Suture material, alloplastic devices, bacterial barri-  
ers, surgical dressings, and biologic interfaces of otherwise 
prohibi ted materials shall be permit ted to be used at the 
discretion of the physician or surgeon in charge with the 
concurrence of the safety director.  This permission shall be 
stated in writing for all prohibi ted materials employed (see 
Note under 19-3.1.3.2). 

(d) Where flame resistance is specified, the fabric shall 
meet the requirements  set forth for the small-scale test in 
NFPA 701, Standard Methods of Fire Tests for Flame-Resistant 
Textiles and Films, except that the test shall be per formed in 
an a tmosphere  equivalent to the maximum oxygen con- 
centration and pressure proposed for the chamber.  

19-3.1.5.5 All chamber  personnel  shall wear garments of 
the overall or jumpsui t  type, completely covering all skin 
areas possible, and as tight-fitting as possible. 

19-3.1.5.6 The use of  flammable hair sprays, hair oils, 
and skin oils shall be forbidden for all chamber  occupants- 
patients as well as personnel.  Whenever  possible, patients 
shall be s t r ipped of  all clothing, particularly if it is contam- 
inated by dirt,  grease, or  solvents, and then reclothed as 
specified in 19-3.1.5.5. All cosmetics, lotions, and oils shall 
be removed from the patient 's body and hair. 

NOTE: It might be impractical to clothe some patients 
(depending upon their disease or the site of any operation) 
in such garments. Hospital gowns of flame-resistant textile 
should be employed in such a case. 

19-3.1.5.7 All other  fabrics used in the chamber  such as 
sheets, drapes,  and blankets shall be of inherently flame- 
resistant materials. 

19-3.2 Equipment. 

19-3.2.1 All equipment  used in the hyperbaric chamber  
shall comply with Section 19-2. This includes all electrical 
and mechanical equipment  necessary for the operat ion and 
maintenance of the hyperbaric facility, as well as any med- 
ical devices and instruments used in the facility. Use of 
unapproved  equipment  shall be prohibited.  [See 
19-3.1.5.4(c).] 

19-3.2.1.1 Portable X-ray devices, electrocautery equip- 
ment, and other  similar high-energy devices shall not be 
opera ted  in the hyperbaric chamber  unless approved by 

the safety director for such use. Photographic equipment  
employing photoflash, flood lamps, or similar equipment  
shall not  remain  in the hyperbar ic  chamber  when the 
chamber  is pressurized. Lasers shall not be used under  any 
condition. 

19-3.2.1.2 Equ ipmen t  known to be, or  suspected  of  
being, defective shall not be introduced into any hyper- 
baric chamber or used in conjunction with the operat ion of 
such chamber  until repaired,  tested, and accepted by qual- 
ified personnel and approved by the safety director (see 
19-3.1.3.2). 

19-3.2.1.3 The  use of  paper  shall be kept to an absolute 
minimum in hyperbaric chambers,  and any paper  brought  
into the chamber  shall be stored in a closed metal con- 
tainer. Containers shall be empt ied  after each chamber  
operation.  

19-3.2.1.4 No equipment  shall be allowed in the chamber  
that does not meet the temperature  requirements of NFPA 
70, Article 500-3(a), (b), and (c). 

19-3.2.2 Oxygen containers, valves, fittings, and intercon- 
necting equipment  shall be all metal to the extent  possible. 
Valve seats, gaskets, hoses, and lubricants shall be selected 
carefully for oxygen compatibility under  service conditions. 

NOTE: Users should be aware that many items if ignited in 
pressurized oxygen-enriched atmospheres are not self- 
extinguishing. Iron alloys, aluminum, and stainless steel are, 
to various degrees, in that category as well as human skin, 
muscle, and fat, and plastic tubing such as polyvinyl chloride 
(Tygon). Testing for oxygen compatibility is very complicated. 
Very little data exists and many standards still have to be 
determined. Suppliers do not normally have facilities for test- 
ing their products in controlled atmospheres, especially high- 
pressure oxygen. Both static conditions and impact conditions 
are applicable. Self-ignition temperatures normally are 
unknown in special atmospheres. 

19-3.2.3 Equipment used inside the chamber  requiring 
lubricat ion shall be lubricated with oxygen-compat ib le  
flame-resistant material. 

Exception: Factory-sealed antifriction bearings shall be permitted to 
be used with standard hydrocarbon lubricants in Class A chambers 
that do not employ atmospheres of increased oxygen concentration. 

19-3.2.4 Equipment of cerium, magnesium, magnesium 
alloys, and similar manufacture shall be prohibi ted from 
the chamber  interior. (See also Note under 19-3.2.2.) 

19-3.2.5 Radia t ion  e q u i p m e n t ,  w he the r  i n f r a red  or  
roentgen ray, can make hyperbaric chambers even more 
hazardous. In the event that such equipment  is introduced 
into a hyperbaric chamber,  hydrocarbon detectors shall be 
installed. In the event that flammable gases are detected in 
excess of 1000 parts per  million, such radiation equipment  
shall not be opera ted  until the chamber  a tmosphere  is 
cleared. 

19-3.3 Handling of Gases. 

19-3.3.1 The institution's administrative personnel shall 
ensure that rules and regulations are provided to ensure 
the safe handling of gases in the hyperbaric facility (see 
19-3.1.5.2 and Appendix C-19-1.1.3.2). 

19-3.3.2 Oxygen and other  gases shall not be introduced 
into the chamber  in the liquid state. 
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19-3.3.3 Flammable gases shall not be used or stored in 
the chamber  or in the hyperbaric facility. 

19-3.3.4 Quantities of oxygen stored in the chamber  shall 
be kept to a minimum. 

NOTE: Pressurized containers of gas can be introduced 
into the hyperbaric chamber, provided that the container 
and its contents are approved for such use by the safety 
director. 

19-3.3.5 Nonflammable  gases shall be permi t ted  to be 
piped into the hyperbaric  facility. Shutoff valves accessible 
to facility personnel  shall be provided for such piping at 
the point of  entry to the room housing the chamber.  Stor- 
age and handl ing of  nonflammable gases shall meet the 
applicable requirements  of Chapter  4, Gas and Vacuum 
Systems, of  this document  and NFPA 50, Standard for Bulk 
Oxygen Systems at Consumer Sites. 

19-3.4 Maintenance. 

19-3.4.1 General. 

19-3.4.1.1 The  hyperbaric  safety director  shall be ulti- 
mately responsible for ensuring that all valves, regulators,  
meters,  and similar equ ipment  used in the hyperbar ic  
chamber  are p roper ly  compensated  for safe use under  
hyperbar ic  condit ions and tested periodically.  Pressure 
relief valves shall be tested and calibrated periodically. 

19-3.4.1.2 The  hyperbaric-safety di rector  shall also be 
ultimately responsible for ensuring that all gas outlets in 
the chambers are proper ly  labeled or stenciled in accor- 
dance with CGA C-4, Standard Method of Marking Portable 
Compressed Gas Containers to Identify the Material Contained. 

19-3.4.1.3 Before piping systems are initially put  into use, 
it shall be ascertained that the gas delivered at the outlet is 
shown on the outlet label and that p roper  connecting fit- 
tings are checked against their labels, in accordance with 
Sections 4-3 through 4-6 in Chapter  4. 

19.3.4.1.4 The  requirements set forth in Section 4-3 of  
Chapter 4 concerning the storage, location, and special pre- 
cautions required for compressed gases shall be followed. 

19-3.4.1.5 Storage areas for hazardous materials shall not 
be located in the room (see 19-2.1) housing the hyperbaric  
c h a m b e r .  F l a m m a b l e  gases ,  e x c e p t  as p r o v i d e d  in 
19-3.1.5.2, Exception No. 1, shall not be used or stored in 
the hyperbaric room. 

19-3.4.1.6 All replacement  parts and components  shall 
conform to original design specification. 

19-3.4.2 Maintenance Logs. 

19.3.4.2.1 Installation, repairs,  modifications of equip- 
ment, etc., related to a chamber  shall be evaluated by engi- 
neering personnel,  tested under  pressure,  and approved 
by the safety director. Logs of  the various tests shall be 
maintained. 

19-3.4.2.2 Opera t ing  equipment  logs shall be maintained 
by engineer ing  personnel .  They shall be signed before 
chamber  operat ion by the person in charge (see Note under 
19-3.1.3.2). 

19-3.4.2.3 Opera t ing  equipment  logs shall not be taken 
inside the chamber.  

19-3.5 Electrical Safeguards. 

19-3.5.1 Electrical equipment  shall be installed and oper-  
ated in accordance with 19-2.7. 

19-3.5.1.1 All electrical circuits shall be tested before 
chamber  pressurization. This test shall include a ground  
fault check to verify that no conductors are g rounded  to 
the chamber,  as well as a test of normal functioning (see 
19-2.7.2.3). 

19-3.5.1.2 In the event of fire, all nonessential electrical 
equipment  within the chamber  shall be deenergized inso- 
far as possible before extinguishing the fire. Smoldering, 
burning  electrical equipment  shall be deenergized before 
extinguishing a localized fire involving only the equipment  
(see 19-2,5). 

19-3.6 Electrostatic Safeguards. 

19-3.6.1 Administration. 

19-3.6.1.1 General .  The  elimination of static charges is 
dependen t  on the vigilance of administrative supervision of 
materials purchased,  maintenance, and periodic inspection 
and testing. 

19-3.6.1.2 Texti les.  Textiles used or worn in the hyper-  
bar ic  c h a m b e r  shall  con fo rm to 10-3.1.5.4 t h r o u g h  
19-3.1..5.7. 

19-3.6.2 Maintenance. 

19-3.6.2.1 Conductive Floors. For chambers containing 
conductive floors, the requirements  of 12-4.1, Anesthetiz- 
ing Locations, shall apply. 

19-3.6.2.2 Furniture Used in the Chamber. 

(a) Periodic inspection shall be made of  leg tips, tires, 
casters, or  o ther  conduct ive  devices on furn i ture  and 
equipment  to ensure that they are maintained free of  wax, 
lint, or other  extraneous material that might insulate them 
and defeat the purpose  for which they are used; also to 
avoid t ransport ing to conductive floors such materials from 
other  areas. Metals capable of impact sparking shall not be 
allowed for casters or furniture leg tips. 

NOTE: Ferrous metals can cause such sparking. So might 
magnesium or magnesium alloys if contact is made with 
rusted steel. 

(b) Casters shall not be lubricated with oils or  o ther  
flammable materials. Lubricants shall be oxygen compati- 
ble and flame resistant. 

NOTE: Wheelchairs and gurneys with bearings lubricated 
and sealed by the manufacturer can be used in Class A 
chambers where conditions prescribed in 10-2.84.1, 
10-2.8.5.1, and 10-2.8.5.2 are met. 

19-3.6.2.3 Conductive Accessories .  Conductive accesso- 
ries, such as belting, rubber  accessories, plastics, covers, 
and sheeting used inside the chamber,  shall meet the con- 
ductivity and antistatic requirements of 12-4.1.3.8, Reduc- 
tion in Electrostatic Hazard. 

19-3.6.3 Test ing.  Conductive testing, if required,  shall 
be in accordance with requirements in 12-4.1.3, Require- 
ments for Flammable Anesthetizing Locations. 

19-3.6.3.1 Materials containing rubber  shall be inspected 
regularly, especially at points of kinking. 
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NOTE: Materials containing rubber deteriorate rapidly in 
oxygen-enriched atmospheres. 

19-3.6.4 Fire Protection Equipment. Electrical switches, 
valves, and electrical moni tor ing  equ ipmen t  associated 
with fire detection and ext inguishment  shall be visually 
inspected before each chamber  pressurization. Fire detec- 
tion equipment  shall be tested each week and full testing, 
including discharge of  ext inguishing media,  conducted  
annually. Testing shall include activation of trouble circuits 
and signals. 

NOTE: Discharge of extinguishant can be limited to 10 
percent of the system capacity. 

19-3.6.5 Housekeeping.  It is absolutely essential that all 
areas of, and components  associated with, the hyperbaric 
chamber be kept meticulously free of grease, lint, dirt,  and 
dust. A regular  housekeeping p rogram shall be imple- 
mented whether  or not the facility is in regular  use. The  
persons assigned to this task shall be thoroughly indoctri- 
nated in the hazards to occupants under  normal  operation.  

Chapter 20 Referenced  Publ icat ions  

20-1 The  following documents  or portions thereof  are 
referenced within this s tandard and shall be considered 
part  of the requirements of this document.  The edition 
indicated for each reference is the current  edition as of the 
date of the NFPA issuance of this document.  

20-1.1 NFPA Publications. National  Fire Protect ion 
Association, 1 Batterymarch Park, P.O. Box 9101, Quincy, 
MA 02269-9101. 

NFPA 10, Standard for Portable Fire Extinguishers, 1994 
edition. 

N F PA 13, Standard for the Installation of Sprinkler Systems, 
1994 edition. 

NFPA 30, Flammable and Combustible Liquids Code, 1993 
edition. 

NFPA 37, Standard for the Installation and Use of Stationary 
Combustion Engines and Gas Turbines, 1994 edition. 

NFPA 45, Standard on Fire Protection for Laboratories Using 
Chemicals, 1991 edition. 

NFPA 50, Standard for Bulk Oxygen Systems at Consumer 
Sites, 1996 edition. 

NFPA 51, Standard for the Design and Installation of 
Oxygen-Fuel Gas Systems for Welding, Cutting, and Allied Pro- 
cesses, 1992 edition. 

NFPA 54, National Fuel Gas Code, 1992 edition. 

NFPA 58, Standard for the Storage and Handling of Lique- 
fied Petroleum Gases, 1995 edition. 

NFPA 70, National Electrical Code, 1996 edition. 

NFPA 72, National Fire Alarm Code, 1993 edition. 

N FPA 99B, Standard for Hypobaric Facilities, 1996 edition. 

NFPA 101, Life Safety Code, 1994 edition. 

NFPA 110, Standard for Emergency and Standby Power Sys- 
tems, 1996 edition. 

NFPA 220, Standard on Types of Building Construction, 
1995 edition. 

NFPA 255, Standard Method of Test of Surface Burning 
Characteristics of Building Materials, 1996 edition. 

NFPA 701, Standard Methods of Fire Tests for Flame- 
Resistant Textiles and Films, 1996 edition. 

N FPA 704, Standard System for the Identification of the Fire 
Hazards of Materials, 1990 edition. 

20-1.2 Other Publications. 

20-1.2.1 ANSI Publications. American National Stan- 
dards Institute, Inc., 1430 Broadway, New York, NY 10018. 

ANSI/ASME B-40.1-1991, Gauges, Pressure Indicating 
Dial-Type, Elastic Elements. 

ANSI B 120.1-1983, Pipe Threads, General Purpose. 

ANSI B16.22-1989, Wrought Copper and Copper Alloy Sol- 
der- Joint Pressure Fittings. 

ANSI B57.1 (See CGA V-l). 

ANSI C73-1973, Plugs and Receptacles. 

ANSI C84.1-1989, Voltage Ratings: Electric Power Systems 
and Equipment. 
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ANSI C-4 (See CGA C-4). 
ANSI G-7.1 (See CGA G-7.1). 

ANSI Z66.1-1964 (R 1972), Specifications for Paints and 
Coatings Accessible to Children to Minimize Dry Film Toxicity. 

20-1.2.2 ASHRAE Publications. American Society of 
Heating, Refrigerating and Air Conditioning Engineers, 
Inc., 1791 Tullie Circle, N.E., Atlanta, GA 30329. 

ASHRAE Handbook of Fundamentals--1985, Chapter 24. 

20-1.2.3 ASME Publications.  American Society of  
Mechanical Engineers, 345 East 47th Street, New York, 
NY 10017. 

ANSI/ASME PVHO-la-1990, Safety Standard for Pressure 
Vessels for Human Occupancy. 

ASME Boiler and Pressure Vessel Code (1990). 

20-1.2.4 ASTM Publications. American Society for Test- 
ing and Materials, 1916 Race Street, Philadelphia, PA 19103. 

ASTM A 53-1994, Standard Specification for Pipe, Steel, 
Black and Hot-Dipped, Zinc-coated, Welded and Seamless. 

ASTM B 32-1995, Standard Specification for Solder Metal. 
ASTM B 88-1992, Specification for Seamless Copper Water 

Tube. 
ASTM B 280-1992, Specification for Seamless Copper Tubing 

for Air Conditioning and Refrigeration Field Service. 
ASTM B 819-1992, Standard Specification for Seamless Cop- 

per Tube for Medical Gas Systems. 
ASTM B 828-1992, Making Capillary Joints by Soldering of 

Copper and Copper Alloy Tube and Fittings. 
ASTM D 5-1986, Test for Penetration of Bituminous Materials. 
ASTM D 2863-1991, Method for Measuring the Minimum 

Oxygen Concentration to Support Candle-like Combustion of Plas- 
tics (Oxygen Index) (ANSI D2863). 

ASTM E 136-1982, Standard Test Method for Behavior of 
Materials in a Vertical Tube Furnace at 750°C. 

20-1.2.5 AWS Publications. American Welding Society, 
Inc., 550 NW Lejune Road, Miami, FL 33135. 

ANSI/AWS A5.8-1989, Specification for Brazing Filler Metal. 
AWS B2.2-1985, Standard for Brazing Procedure and Per- 

formance Qualifications. 

20-1.2.6 CGA Publications. Compressed Gas Associa- 
tion, Inc., 1725 Jefferson Davis Highway, Arlington, VA 
22202. 

Pamphlet C-4-1990, Standard Method of Marking Portable 
Compressed Gas Containers to Identify the Material Contained. 

Pamphlet C-9-1988, Standard Color-Marking of Compressed 
Gas Cylinders Intended for Medical Use. 

Pamphlet G-4-1987, Oxygen. 
Pamphlet G-4.1-1985, Cleaning Equipngnt for Oxygen Service. 
Pamphlet G-7.1-1989, Commodity Specification for Air 

(ANSI Z86.1). 

Pamphlet G-8.1-1990, Standard for the Installation of 
Nitrous Oxide Systems at Consumer Sites. 

Pamphlet G- 10.1-1991, Commodity Specification for Nitrogen. 
Pamphlet P-2-1989, Characteristics and Safe Handling of 

Medical Gases. 
Pamphlet P-2.5-1987, Transfilling of High Pressure Gaseous 

Oxygen to Be Used for Respiration. 
Pamphlet P-2.6-1983, Transfilling of Low-Pressure Liquid 

Oxygen to Be Used for Respiration. 
Pamphlet P-2.7-1994, Guide for the Safe Storage, Handling 

and Use of Portable Liquid Oxygen Systems in Health Care 
Facilities. 

Pamphlet P-9-1980, Inert Gases: Argon, Nitrogen and 
Helium. 

Pamphlet V-1-1987, Standard for Compressed Gas Cylinder 
Valve Outlet and Inlet Connections (ANSI B57.1). 

Pamphlet V-5-1985, Diameter-Index Safety System -- Non- 
Interchangeable Low Pressure Connections for Medical Gas 
Applications. 

20-1.2.7 Copper Development Association Publication. 
Copper Development Assn., 260 Madison Avenue, 16th 
floor, New York, NY 10016. 

Copper Tube Handbook. 

20-1.2.8 ISA Publication. Instrument Society of Amer- 
ica, P.O. Box 12277, Research Triangle Park, NC 27709. 

RP 12.6-1987, Installation of httrinsically Safe Systems in 
Hazardous Locations. 

20-1.2.9 MSS Publications. Manufacturer's Standardiza- 
tion Society of the Valve and Fittings Industry, Inc., 127 
Park Street NE, Vienna, VA 22180. 

SP-58 (1988) Pipe Hangers and Supports -- Materials, 
Design, and Manufacture. 

SP-69 (1983) Pipe Hangers and Supports -- Selection and 
Application. 

SP-73 (1986) Brazing Joints for Wrought and Cast Copper 
Alloy Solder Joint Pressure Fittings. 

20-1.2.10 NCCLS Publication. National Committee for 
Clinical Laboratory Standards, 940 West Valley Road, 
Suite 1400, Wayne, PA 19087-1898. 

NCCLS ASI-5, Power Requirements for Clinical Laboratory 
Instruments and for Laboratory Power Sources. 

20-1.2.11 UL Publication. Underwriters Laboratories 
Inc., 333 Pfingsten Road, Northbrook, IL 60062. 

UL Subject 94-1991, Burning Tests for Plastics. 

20-1.2.12 U.S. Government Publications. 

20-1.2.12.1 U.S. Dept. of Defense, Naval Publications & 
Form Center (NPFC 103), 5801 Tabor Avenue, Philadel- 
phia, PA 19120. 

M I L-Standard 104 B, Limit for Electrical Insulation Color. 
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A p p e n d i x  A E x p l a n a t o r y  M a t e r i a l  

This Appendix is not a part of the requirements of this NFPA document 
but is included Jbr informational purposes only. 

NOTE: Sections of Appendix A identified by a dagger (?) 
indicate text extracted from NFPA 30, Flammable and Com- 
bustible Liquids Code, 1990 edition. Requests for interpreta- 
tions or revisions of the extracted text will be referred to the 
Technical Comminee on Flammable and Combustible 
Liquids. 

A-2-1 Approved. The National Fire Protection Associa- 
tion does not approve, inspect, or certify any installations, 
procedures, equipment,  or materials; nor does it approve 
or evaluate testing laboratories. In determining the accept- 
ability of installations, procedures, equipment,  or materi- 
als, the authority having jurisdiction 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, procedure, or use. 
The authority having jurisdiction may also refer to the list- 
ings or labeling practices of an organization concerned 
with product evaluations that is in a position to determine 
compliance with appropriate standards for the current  
production of listed items. 

A-2-1 A u t h o r i t y  H a v i n g  J u r i s d i c t i o n .  Th e  phrase  
"authority having jurisdiction" is used in NFPA documents 
in a broad manner ,  since jurisdictions and approval agen- 
cies vary, as do their responsibilities. Where public safety is 
primary, the authority having jurisdiction may be a fed- 
eral, state, local, or other regional department  or individ- 
ual such as a fire chief; fire marshal; chief of a fire preven- 
tion bureau,  labor depar tment ,  or health depar tment ;  
building official; electrical inspector; or others having stat- 
utory authority. For insurance purposes, an insurance 
inspection department,  rating bureau, or other insurance 
company representative may be the authority having juris- 
diction. In many circumstances, the property owner or his 
or her designated agent assumes the role of the authority 
havingjurisdict ion;  at government installations, the com- 
m a n d i n g  officer or depa r tmen ta l  official may be the 
authority having jurisdiction. 

A-2-1 Code. The decision to designate a standard as a 
"Code" is based on such factors as the size and scope of the 
document,  its intended use and form of adoption, and 
whether it contains substantial enforcement and adminis- 
trative provisions. 

A-2-1 Listed. The means for identifying listed equip- 
ment may vary for each organization concerned with prod- 
uct evaluation, some of which do not recognize equipment  
as listed unless it is also labeled. The authority having juris- 
diction should utilize the system employed by the listing 
organization to identify a listed product. 

A - 2 - 2  A t m o s p h e r e  o f  I n c r e a s e d  B u r n i n g  Rate .  The 
degree of fire hazard of an oxygen-enriched atmosphere 
varies with the concentration of oxygen and diluent gas 
and the total pressure. The definition contained in the cur- 
rent edition of NFPA 53, Guide on Fire Hazards in Oxvgen- 
Enriched Atmospheres, and in editions of NFPA 56D, Standard 
for Hyperbaric Facilities, prior to 1982, did not necessarily 
reflect the increased fire hazard of hyperbar ic  and  
hypobaric atmospheres. 

The definition of atmosphere of increased burn ing  rate 
in Chapter 19 and in NFPA 99B, Standard for Hypobaric 

Facilities, defines an oxygen-enriched atmosphere with an 
increased fire hazard, as it relates to the increased burn ing  
rate of material in the atmosphere. It is based upon a 1.2 
cm/second burn ing  rate (at 23.5 percent oxygen at 1 atmo- 
sphere absolute) as described in Figure A-2-2(a) from 
Technical Memorandum UCRI-721, Chamber Fire Safety, by 
Schmidt, Dorr & Hamilton (Ocean Systems Inc., Research 
& Development Lab, Tarrytown, NY 01591). [See Figure 
A-2-2(a).] 
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Figure A-2-2(a) Burning rates of filter paper strips at an angle of 45 
degrees in N2-O ~ mixtures. 

(From Figure 4, Technical Memorandum UCRI-721, Chamber Fire Safety, 
T. C. Schmidt, V. A. Dorr, and R. W. Hamilton, Jr., Ocean Systems, Inc. 
Research and Development Laboratory, Tarrytown, New York 10591. 
Work carried out under U.S. Office of Naval Research, Washington, DC, 
Contract No. N00014-67-A-0214-0013.) (From Cook, G. A., Meierer, R. E., 
Shields, B. M. Screening of Flame-Resistant Materials and Comparison of Helium 
w~th Nitrogen for Use in Diving Atmospheres. First summary report under ONR 
Contract No. 0014-66-C-0149. Tonawanda, NY: Union Carbide, 31 March 
1967. DDC No. AD-651583.) 

A - 2 - 2  D i s a s t e r :  C a u s e s .  Disasters have a variety of 
causes, all of which must be considered in effective emer- 
gency preparedness planning. Among the most common 
are natural disasters such as earthquakes, hurricanes, tor- 
nadoes, and floods; mass food poisoning; industrial acci- 
dents involving explosion or environmental  release of toxic 
chemicals; transportation accidents involving crashes of 
trains, planes, or automobiles with resulting mass casual- 
ties; civil disturbances; building fires; extensive or pro- 
longed utility failure; collapse of buildings or other occu- 
pied structures; and toxic smogs in urban areas. Arson 
attempts and bomb threats have been made on health care 
facilities and must therefore be considered.  Potential 
admission to the facility of high profile persons should be 
addressed. While the last does not involve mass casualties 
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or the potential of mass casualties, the degree of disruption 
of normal routine will be sufficient to qualify it as a disas- 
terlike situation. 

NOTE: Disaster plans should reflect a facility's location from 
internal and external disasters. As an example, areas subject to 
frequent wildland fires should invoke countermeasures for 
smoke management and air quality maintenance. 

A-2-2 Hazardous Chemical.  For hazard ratings of many 
chemicals, see NFPA 49, Hazardous Chemicals Data, and 
NFPA 325, Guide to Fire Hazard Properties of Flammable Liq- 
uids, Gases, and Volatile Solids. 

A-2-2 Nonflammable Anesthetic Agent, It is possible to 
halogenate a compound and render  it partially or totally 
nonflammable by the substitution of one or more halogens 
(e.g., fluorine, chlorine, bromine)  for hydrogen.  Thus  
halothane (CF3CHCIBr) is almost completely halogenated 
and is nonflammable. Methoxyflurane (CHF2CC12OCH3) is 
partially halogenated and is nonflammable in conditions 
encountered dur ing clinical anesthesia (if it is heated, its 
vapor concentration will increase enough to burn). Flurox- 
ene (CF3CHzOCHCH2) is halogenated even less; it is flam- 
mable in concentrations of 4 percent or greater. 

The following agents are considered flammable dur ing 
conditions of clinical use in anesthesia: 

cyclopropane 
divinyl ether 
ethyl chloride 
ethylene 
ethyl ether 

The following agent is flammable during use in clinical 
anesthesia in higher concentrations: 

fluroxene 

NOTE: Because fluroxene is flammable under certain 
conditions of use, it is listed as a flammable agent. Concen- 
trations required for induction of anesthesia generally 
exceed 4 percent and are flammable. Maintenance of 
fluroxene anesthesia can be accomplished with concentra- 
tions of less than 4 percent, however. 

The following agents are nonflammable dur ing condi- 
tions of use in clinical anesthesia: 

chloroform 
halothane 
methoxyflurane 
nitrous oxide 
trichloroethylene 
enflurane 

A-2-2 Remote.  A gas storage supply system can be 
remote from the single treatment facility, but all use points 
must be contiguous within the facility. [See Figure A-2-2(b).] 

A.2-2 Single Treatment Facility. The definition of single 
treatment facility was established to take into consideration 
principally single-level installations or those of a practice 
that could be two-level, but are reached by open stairs 
within the confines of the single treatment facility. 

A-2-2 Storage Cabinet. Some local jurisdictions require 
bottom vent ing of flammable liquids storage cabinets. 
While this is not required by NFPA 30, Flammable and Com- 
bustible Liquids Code, some manufac tu r e r s  provide  a 
plugged vent connection on one side of the cabinet, close 
to the base, to accommodate these local jurisdictions. 

Examples of single treatment facilities 
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Figure A-2-2(b) Examples of treatment facilities. 

A-2-2 Surface-Mounted Medical Gas Rail Systems. It is 
the intent that surface-mounted medical gas rail systems 
would be permitted in individual patient rooms but would 
not be allowed to go directly through room walls to adja- 
cent patient rooms. However, it is the intent  to allow 
surface-mounted medical gas rails to be used in a given 
critical care area where there can be a partition separating 
certain patient care functions, essentially leaving the system 
within the given critical care area. As an example, two adja- 
cent patient rooms outside of a critical care unit would not 
be permitted to have a surface-mounted medical gas rail 
interconnect  between the two rooms through the wall. 
However, in a nursery where there might be one or two 
segregated areas for isolation, a medical gas rail system 
supplying more than one isolation room, but within the 
nursery area, would be permitted to be interconnected 
with the nursery system. 

A-3-1 Scope. Although complete compliance with this 
chapter is desirable, variations in existing health care facil- 
ities should be considered acceptable in instances where 
wiring arrangements are in accordance with prior editions 
of this document, or afford an equivalent degree of perfor- 
mance and reliability. Such variations might occur particu- 
larly with certain wiring in separate or common raceways, 
with certain functions connected to one or another system 
or branch, or with certain provisions for automatically or 
manually delayed restoration of power from the alternate 
(emergency) source of power. 

A-3-2 Nature of Hazards. The major concern in this 
chapter is electric shock resulting from degradation or 
some type of failure within normally safe electrical appli- 
ances or the facility's electrical distribution system. The 
defect might be in the wiring, a component,  or the result 
of deteriorating insulation. The failure might be caused by 
mechanical abuse or by improper use of the equipment. 

Hospital service presents unusually severe environmen- 
tal stress to equipment,  similar to hard industrial use. 
Appliances are frequently subjected to large mechanical 
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stresses in the course of being t ransported a round  the facil- 
ity. Patients and  staff, par t icu lar ly  those in ope ra t ing  
rooms, critical care areas, clinical laboratories, and some 
physical  the rapy  areas,  are  f requent ly  s u r r o u n d e d  by 
exposed,  electrically g rounded  conductive surfaces that 
increase the risk of  serious injury in the event of certain 
types of electrical failure. 

Electricity passing through the body can stimulate excit- 
able tissue causing pain, involuntary muscle contractions, 
convulsions, or ventricular fibrillation. Also, electricity can 
cause tissue necrosis due to heat, chemical imbalance, or 
arcing. The  effect of electricity depends  upon the applied 
voltage, the magni tude  of the current ,  the dura t ion of 
application, whether the current  is direct or  alternating, 
the frequency of the current ,  and the size and location of  
the electrodes at which the current  enters and leaves the 
body. The conductivity and dielectric strength of the skin 
is often a factor in de termining  the outcome of  contact with 
electrified conductors.  

Electrocution result ing from contact with equipment  
connected to ordinary branch circuit (i.e., less than 250 V 
at about 60 Hz). is usually a consequence of  sustained ven- 
tricular fibrillation. When applied directly to the heart  volt- 
ages of less than 100 mV RMS, 60 Hz can cause sustained 
ventricular fibrillation and death. 

A-3-2.2.2 Shock Prevention, Since electric shock results 
from the effect of an electric current  flowing through a 
part  of  the human body, three conditions must be satisfied 
simultaneously before a patient or  staff member  can be 
shocked. [See Figure A-3-2.2.2(a).] There  must be: 

(a) One part  of  the body in contact with a conductive 
surface (Point 1); 

(b) A different part  of the same body in contact with a 
second conductive surface (Point 2); 

(c) A voltage source that will drive current  through the 
body between those two points of contact (Point 3). 

In the general  case, six or seven independent  and sepa- 
rable factors must combine simultaneously to satisfy these 
three conditions. [See Figure A-3-2.2.2(b).] 

Several separate factors should be analyzed when evalu- 
ating a potential electric shock hazard [numbers refer to 
points in Figure A-3-2.2.2(b)]: 

(1) The likelihood that a piece of l ine-powered equip- 
ment  will be within reach of the patient; 

(2a) The possibility of direct exposure of a "live" 110-V 
conductor  through a damaged  line cord or a t tachment  
plug; 

(2b) T h e  l ike l ihood  that  the e q u i p m e n t  will have 
exposed metal parts that through some reasonably credible 
accident could become "live"; 

• (3) The  likelihood that equipment  is accidentally dam- 
aged or malfunctions in some way and the metal becomes 
"live," i.e., electrified; 

(4) The  likelihood of  the exposed metal parts not being 
grounded  or accidentally becoming ungrounded;  

(5) The likelihood that the patient (or member  of staff, 
or visitor) will make good contact with this exposed, poten- 
tially live surface; 

(6) The  likelihood that a second exposed conductive 
surface that is, or that could through a reasonably credible 
event become, g rounded  is also within reach; 

Figure .... "ii i' " topro I . . . . .  
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Figure A-3-2.2.2(b) General factors that should be considered when ana- 
lyzing electrical safety. 

(7) The likelihood that the patient (or member  of staff, 
or visitor) will make good contact with this grounded,  or 
potentially grounded,  surface; 

(8) The probability that the resultant current  flow will 
be sufficient to cause an injury. 

The  chance of a patient actually sustaining an electric 
shock is a product  of the likelihood that each of the above 
events will occur. If  the likelihood of occurrence of any one 
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event is very close to zero, then the risk of electric shock 
will be very close to zero. Put another way, six or seven 
links in a chain need to be intact in order for a shock to be 
sustained. If any one link can be made extremely weak, by 
design or operating procedure, chance of receiving a shock 
will be minimal. 

Working to minimize the occurrence of one factor (i.e., 
one safety factor) can achieve one "layer of protection." A 
second layer of protection is achieved by working to make 
the chance of occurrence of a second factor in the overall 
chain also very close to zero. However, extending this pro- 
cess to minimize the occurrence of all factors can lead to 
overdesign, overspecification, and less than cost-effective 
utilization of resources to control any problem. 

Consider briefly each of the component  factors. First, 
more could be done operationally to ensure that the mini- 
mum amount  of line-powered equipment  is within reach of 
the patient. Second, equipment  that does not have a signif- 
icant amount  of exposed metal is to be preferred. Third, 
the staff should be instructed to report all obviously dam- 
aged equipment,  even if it is still functional. Fourth, all 
g rounding  circuits should be tested frequently. Fifth, min- 
imize the amount  of grounded metal that is within reach of 
the patient. Avoid when possible attaching any grounded 
leads directly to the patient. Do not deliberately ground 
any metal part, such as a curtain rail or a metal cabinet, 
that cannot become accidentally "live." Insulate the patient 
from ground as much as possible. 

In consideration of these objectives, four basic principles 
can be examined to avoid electric shock: 

shock prevention by insulation and enclosure; 

shock prevention by grounding;  

shock prevention by device design; 

shock prevention through user procedures. 

Shock Prevention by Insulation and Enclosure. Physical 
provisions should be made to prevent personal hazardous 
contact between energized conductors or between an ener- 
gized conductor and ground. 

a. Noninsula ted  cur ren t -car ry ing  conductors,  which 
could produce hazardous currents, should be protected 
from contact through suitable enclosure. 

b. Energized conductors, which could produce hazardous 
currents when not in protective enclosures, should be insu- 
lated by materials suitable to the voltage and environment. 

In order to minimize the probability of completing a 
hazardous circuit, exposed conductive surfaces not likely to 
be energized from internal sources should not be inten- 
tionally grounded.  Insulated covering of such surfaces is 
desirable. 

NOTE 1: Past measures recommended by earlier editions 
of NFPA standards and other standards associated with 
equipotential grounding and bonding of "dead metal" 
served to increase likelihood that a patient or staff member 
would complete an undesirable pathway for electric shock. 

NOTE 2: This principle does not intend to mandate con- 
struction of an insulated environment, but rather to avoid 
intentional grounding of otherwise dead metal surfaces. 

Shock Prevention by Grounding. A grounding system for 
fault currents should be supplied for two reasons: to mini- 

mize the fraction of the fault cur rent  that might flow 
through an individual dur ing the fault condition, and to 
operate overcurrent devices in order to minimize the pos- 
sibility of damage and fire. This grounding system should 
also be utilized to provide a safe path for leakage currents. 

a. Unless doubly insulated, each line-powered electrical 
appliance within the patient care vicinity should have a 
grounding wire, which normally carries the leakage cur- 
rent directly to ground,  in the same power cable as the 
energized conductors. 

b. Each receptacle for line-powered electrical appliances 
should provide a low-impedance grounding  connection 
and path. 

Shock Prevention by Device Design. Leakage cu r ren t  
should be minimized. 

New device designs should not intentionally provide a 
low-impedance path at 60 Hz from patient to ground. 

Shock Prevention through User Procedures. 

General: A total electrical safety program incorporates 
the best features of design, manufacture, inspection, main- 
tenance, and operation. The design should be such that 
limited departures from ideal conditions of maintenance 
and use will not cause unreasonable risks. 

Where existing equipment  that does not meet new- 
equipment  requirements is to be used, such use is permis- 
sible if procedures of use and maintenance can establish an 
equivalent level of safety. 

User procedures should include: 

a. Establishing a policy to prohibit the connection of 
nonisolated input  equipment  to externalized intracardiac 
electrodes, 

b. Establishing user educational and training programs, 
and 

c. Establishing a testing and routine maintenance program. 

A-3-3.2.1.2(a) Wiring, Regular Voltage. 

Integrity of Insulation on Conductors. At the time of instal- 
lation, steps should be taken to ensure that the insulation 
on each conductor intended to be energized, or on quiet 
grounds, has not been damaged in the process of installa- 
tion. When disconnected and unenergized the resistance 
should be at least 20 megohms when measured with an 
ohmmeter  having an open-circuit test voltage of at least 
500 V dc. 

Accessibility of Overcurrent Protection Devices. Considera- 
tion should be given to providing reasonable accessibility to 
b ranch-c i rcu i t  switching and  o v e r c u r r e n t  p ro tec t ion  
devices by the hospital staff in the patient care area. Con- 
sideration should also be given to providing labels at each 
receptacle and on installed equipment  as to the location 
and identity of the distribution panel serving that power 
outlet or equipment,  especially where the location or iden- 
tity might not be readily apparent. 

A-3-3.2.1.2(a)l Circuits.  The requirement  that branch 
circuits be fed from not more than one distribution panel 
was introduced for several reasons. A general principle is 
to minimize possible potential differences between the 
grounding pins of receptacles in one area by bringing the 
grounding conductors to a common point. A specific rea- 
son is to simplify maintenance by making it easier to find 
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the source for the receptacles in a room. This is particu- 
larly a problem in hospitals where emergency conditions 
might require  rapid restoration of power. 

A-3-3.2.1.2(a)2b Reliability of Grounding. This require- 
ment  is usually met by appropr ia te  mounting hardware,  
and not by wire jumpers .  

A-3-3.2.1.2(a)3 Grounding Interconnects. The require- 
ment  for g rounding  interconnection between the normal 
and essential power systems follows the principle of mini- 
mizing possible potential differences between the ground-  
ing pins of  receptacles in one area by bringing the ground-  
ing conductors  to a common point. 

A-3-3.2.1.2(d)l Types  of  Receptacles.  It is best, if possi- 
ble, to employ only one type of receptacle (standard three- 
prong type) for as many receptacles being served by the 
same line voltage to avoid the inability to connect life- 
suppor t  equ ipment  in emergencies.  The  straight-blade,  
three-prong receptacle is now permit ted in all locations in 
a hospital. Previously, special receptacles were specified in 
operat ing room locations and have caused compatibility 
problems. 

A-3-3.2.2 Isolated Power. Patient protection is provided 
p r i m a r i l y  by an a d e q u a t e  g r o u n d i n g  sys tem.  T h e  
u n g r o u n d e d  s e c o n d a r y  of  the  i so la t ion  t r a n s f o r m e r  
reduces the cross-sectional area of grounding  conductors 
necessary to protect  the patient against voltage resulting 
from fault cur rent  by reducing the maximum current  in 
case of  a single probable fault in the grounding  system. 
The  line isolation monitor  is used to provide warning when 
a single fault occurs. Excessive current  in the grounding  
conductors  will not result in a hazard to the patient unless 
a second fault occurs. If  the current  in the grounding sys- 
tem does not exceed 10 milliamperes, even under  fault 
conditions, the voltage across 3 m (9.84 ft) of No. 12 AWG 
wire will not exceed 0.2 millivolt, and the voltage across 
3 m (9.84 ft) of  No. 18 AWG grounding conductor in a flexi- 
ble cord will not exceed 0.8 millivolt. Allowing 0.1 millivolt 
across each connector, the voltage between two pieces of 
patient-connected equipment will not exceed 2 millivolts. 

The reference grounding  point  is intended to ensure 
that  all electrically conductive surfaces of  the bui ld ing  
structure, which might receive heavy fault currents from 
ordinary (grounded)  circuits, are g rounded  in a manner  to 
bypass these heavy currents  from the operat ing room. 

A-3-3.3.2.1 Grounding System Testing. In a conven- 
tional g rounded  power distribution system, one of the line 
conductors is deliberately grounded,  usually at some distri- 
bution panel or  the service entrance. This g rounded  con- 
ductor  is identified as the neutral  conductor.  The other  
line conductor  (or conductors) is (are) the high side of the 
line. The loads to be served by this distribution system are 
fed by the high and neutral  conductors. 

In add i t ion  to the high and neu t ra l  conductors ,  a 
grounding conductor  is provided.  One end is connected to 
the neutral  at the point  where the neutral  is grounded,  
and the other end leads out to the connected loads. For 
purposes here, the load connection point will be consid- 
ered to be a convenience receptacle, with the grounding  
conductor  terminat ing at the grounding  terminal of that 
receptacle. 

This grounding  conductor  can be a separate wire run- 
ning from the receptacle back to the remote grounding  

connection (where it joins the neutral  conductor).  If  that 
sepa ra te  c o n d u c t o r  does not  make  any i n t e r m e d i a t e  
ground contacts between the receptacle and the remote 
ground,  then the impedance of  the connection between the 
receptacle and the remote ground is primari ly the resis- 
tance of the grounding conductor  itself and is, therefore, 
predictable. 

If, however, the receptacle is also interconnected with 
the remote  g round  point  by metallic conduit  or  o ther  
metallic building structures, the impedance of the circuit 
between receptacle and remote ground is not easily pre- 
dictable, nor is it easy to measure accurately, although one 
can be sure that the impedance will be less than that of the 
g rounding  wire itself because of the addit ional  parallel  
paths. 

Fortunately,  as will become apparen t  in the following 
paragraphs,  the absolute value of the apparen t  impedance 
between the grounding contact of an outlet and the remote 
ground point  need not be known or measured with great  
accuracy. 

Ideally, and under  no-fault conditions, the grounding  
system described above is supposed to be carrying no cur- 
rent  at all. I f  that were true, then no voltage differences 
would be found between exposed conductive surfaces of  
any electr ical  app l i ances  that  were g r o u n d e d  to the  
g round ing  contacts of the receptacles from which they 
were powered. Similarly, there would be no voltage differ- 
ences between these appliances and any other  exposed 
metal  surface that  was also i n t e r c o n n e c t e d  with the 
grounding system, provided that no currents were flowing 
in that interconnection. 

Ideal  conditions,  however,  do not prevail,  and even 
when there are no "faults" within an appliance, residual 
"leakage" current  does flow in the grounding  conductor  of  
each of  the appliances,  p roduc ing  a voltage difference 
between the chassis of that appliance and the grounding  
contact of  the receptacle that feeds it. Fur thermore ,  this 
cur ren t  can p roduce  voltage differences among  o the r  
appliances plugged into various receptacles on the system. 

Fortunately, these leakage currents are small, and for 
reasonably low grounding-circuit  impedances, the result- 
ing voltage differences are entirely negligible. 

If, however, a breakdown of insulation between the high 
side of the line and the chassis of  an appliance should 
occur, the leakage condition becomes a fault condition, the 
magnitude of which is limited by the nature  of the break- 
down or, in the case of a dead short  circuit in the appli- 
ance, the magni tude of the fault current  is limited only by 
the residual resistance of the appliance power cord con- 
ductors and that of the power distribution system. 

In the event of such a short circuit, the impedance of the 
grounding  circuit, as measured between the g rounding  
contact of the receptacle that feeds the defective appliance 
and the remote  g round  poin t  where  the neut ra l  and  
grounding conductors are joined,  should be so small that a 
large enough fault cur rent  will flow to ensure a rapid  
breaking of the circuit by the overcurrent  protective device 
that serves that receptacle. 

For a 20-ampere branch circuit, a fault current  of 40 or  
more amperes would be required to ensure a rapid open- 
ing of the branch-circui t  overcurrent -protect ive  device. 
This corresponds to a circuit impedance of 3 ohms or less, 
of which it is desired that the grounding  system contribute 
1 ohm or less. 
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During the time this large fault cur rent  flows in the 
g rounding  system, the chassis of the defective appliance is 
raised many volts above other  g rounded  surfaces in the 
same vicinity. The  hazard represented by this condition is 
minimized by the fact that it exists for only a short  time, 
and unless a pat ient  s imultaneously contacts both the 
defective appliance and some other  g rounded  surface dur-  
ing this short  time interval, there  is no hazard. Fur ther-  
more, the magni tude of an applied voltage required to 
produce a serious shock hazard increases as its durat ion 
decreases, so the rapidity with which the circuit is inter- 
rupted  helps reduce shock hazard even if such a patient 
contact should occur. 

If, however, the defect in the appliance is not such as to 
cause an immediate circuit interrupt ion,  then the effect of 
this in termedia te  level of  fault cu r ren t  on the voltages 
appear ing  on various exposed conductive surfaces in the 
patient  care vicinity must be considered. 

Since all of this fault current  flows in the grounding  con- 
ductor  of the defective appliance's power cord, the first 
effect is to raise the potential of this appliance above that of  
the receptacle that feeds it by an amount  proport ional  to 
the power cord g rounding  conductor  resistance. This resis- 
tance is required to be less than 0.15 ohm, so fault currents 
of  20 amperes  or  less, which will not trip the branch-circuit  
overcurrent-protect ive device, will raise the potential of  the 
defective appliance above the grounding  contact of its sup- 
ply receptacle by only 3 volts or less. This value is not haz- 
ardous for casual contacts. 

The  fault cur rent  that enters the grounding  system at 
the grounding  contact of any receptacle in the patient care 
vicinity could affect the potential at the grounding  contacts 
of all the other  receptacles, and, more importantly,  it could 
produce  significant voltage differences between them and 
o ther  g r o u n d e d  surfaces, such as exposed  p ip ing  and 
building structures. 

I f  one g rounded  point  is picked as a reference (a plumb- 
ing fixture in or near  the patient care vicinity, for exam- 
ple), and then the voltage difference is measured between 
that reference and the grounding  contact of a receptacle, 
p roduced  by driving some known current  into that contact, 
a direct measure of  the effectiveness of  the grounding  sys- 
tem within the patient  care vicinity is obtained. The  "figure 
of  merit" can be stated as so many volts per  ampere  of fault 
current.  The ratio volts per  ampere  is, of  course, imped-  
ance; but since the exact path taken by the fault current  is 
not known, and since the way in which the reference point 
is interconnected with the grounding  system is not known, 
it cannot be stated that this value is the impedance between 
the receptacle and some specific point, such as the jo ining 
of the neutral  and grounding conductors.  But it can be 
stated that this measured value of  "effective impedance" is 
indicative of the effectiveness with which the grounding  
system minimizes voltage differences between supposedly 
g rounded  objects in the patient care vicinity that are pro- 
duced by ground faults in appliances used in that vicinity. 
This impedance ,  which character izes the ability of  the 
grounding  system to maintain nearly equipotential  condi- 
tions within the patient care vicinity, is of  pr ime impor- 
tance in assessing shock hazard; but this impedance is not 
necessarily the same as the impedance between receptacle 
and remote ground  point, which controls the magni tude of 
the short-circuit current  involved in t r ipping the branch- 
circuit overcurrent-protect ive device. 

Fault currents on the g rounding  system can also come 
from neutral- to-ground faults, which permit  some current  
to flow in the neutral  and some in the ground.  This type of 
fault is often the cause of interference on EEG and ECG 
equipment.  It is often not recognized easily because, except 
for 60-Hz interference,  the equ ipment  works perfectly 
properly.  It is most easily found by causing a substantial 
change in the line-to-line load and noting changes in the 
ground-to-reference voltage. 

A-3-3.3.2.3 Grounding and Voltage and Leakage Current 
Measurement Circuits. Effective grounding  to safely han- 
dle both fault and leakage currents requires following the 
requirements  of both Chapter  3 of  NFPA 99 and Article 
250 of  NFPA 70, National Electrical Code, having good work- 
manship,  and using some techniques that are not in these 
documents.  

The  performance of the grounding  system is made effec- 
tive through the existence of the green grounding  wire, 
the metal raceway, and all of the other building metal. 
Measurements have shown that it is the metal raceway and 
building steel that provide most of  the effective grounding  
path of less than 10 milliohms at the receptacle, including 
plug-to-receptacle impedance. The  green grounding wire 
becomes a backup, not a primary grounding path performer. 

Good practice calls for each receptacle to have a good 
j u m p e r  grounding  connection to the metal raceway at the 
receptacle location in addit ion to having the green ground-  
ing wire connecting these points to the g rounding  bus in 
the distribution panel. Good workmanship includes seeing 
that these grounding  connections are tight at each recepta- 
cle and that all metal raceway joints are secure and tight. 

The  voltage difference measurements  listed in 3-3.3.2.3 
in connection with power distribution grounding  systems 
should ideally be made with an oscilloscope or spectrum 
analyzer in o rde r  to observe and measure components  of 
leakage current  and voltage differences at all frequencies. 

For routine testing, such instruments might be inconve- 
nient. An al ternat ive is to use a mete r ing  system that  
weighs the contribution to the meter  reading of the various 
components  of the signal being measured in accordance 
with their probable physiological effect. 

A meter  specifically designed for this purpose  would 
have an impedance of approximately  1000 ohms, and a 
frequency characteristic that was flat to 1 kHz, d ro pped  at 
the rate of 20 decibels per  decade to 100 kHz, and then 
remained flat to 1 MHz or higher. This frequency response 
characteristic could be achieved by p roper  design of the 
internal circuits of  the amplifier that probably precedes the 
indicating instrument,  or by appropr ia te  choice of a feed- 
back network a round  the amplifier. These details are, of  
course, left to the instrument  designer. 

If a meter  specifically designed for these measurements  
is not available, a genera l -purpose  laboratory millivoltme- 
ter can be adapted  for the purpose  by adding a frequency- 
response-shaping network ahead of the meter.  One such 
suggested network is shown in Figure A-3-3.3.2.3(a). 

The circuit shown in Figure A-3-3.3.2.3(a) is especially 
applicable to measurements  of  leakage current,  where the 
current  being measured is derived from a circuit whose 
source impedance is high compared  to 1000 ohms. Under  
these conditions, the voltage developed across the millivolt- 
meter  will be propor t ional  to the impedance of  the net- 
work. The  network impedance will be 1000 ohms at low 
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frequencies, 10 ohms at high frequencies, and the transi- 
tion between these two values will occur in the frequency 
range between 1 kHz and 100 kHz. 

itkg'P" O i 
0.15 

Input m p F 
of 1000 

test load 
10 Q Millivoltmeter 

/ 

i=kg = Leakage current being measured 

Figure A-3-3.3.2.3(a). 

The basic low-frequency sensitivity will be 1 millivolt of 
meter reading for each one microampere of leakage current. 

The millivoltmeter's own input impedance needs to be 
very large compared to 1000 ohms (100 kilohms), and the 
meter should have a flat frequency response to well beyond 
100 kHz (if the meter impedance is lower than 100 kilohms, 
then the 1000-ohm resistor can be raised to a higher value, 
such that the impedance of that resistor in parallel with the 
meter will still be 1000 ohms). 

The circuit in Figure A-3-3.3.2.3(a) can be used for the 
voltage difference measurements required in Section 3-5, 
but, because the source impedance will be very low com- 
pared to 1000 ohms, the frequency response of the mea- 
surement system will remain flat. If any high-frequency 
components ,  produced,  for example,  by pickup from 
nearby radio frequency transmitters, appear on the circuit 
being measured, then they will not be attenuated and the 
meter reading will be higher than it should be. 

For meter readings below any prescribed limits, this pos- 
sible error is of no consequence. For borderline cases it 
could be significant. To avoid this uncertainty when mak- 
ing voltage-difference measurements a slightly more elabo- 
rate version of a frequency-response-shaping network is 
given in Figure A-3-3.3.2.3(b). 

900 Q 1400 Q 

L 0.10 
Input p. F 

of 100 
test load 

15 ~ Millivoltmeter 

~ - o  ~-]  
i[kg = Leakage current being measured 

Figure A-3-3.3.2.3(b). 

Here the source being measured is separated from the 
frequency-response-shaping network by the combination 
of the 900-ohm and 100-ohm resistors. The frequency 
response characteristic is now independent  of the circuit 
being tested. 

This independence is achieved, however, at a loss in sig- 
nal  de l ivered  to the mi l l ivohmete r .  The  basic low- 
frequency sensitivity of this metering circuit is 1 millivoh of 
meter reading for 10 microamperes of leakage current  or, 
on a voltage basis, 1 millivoh of meter reading for 10 mil- 
livolts at the input terminals of the network. 

The millivohmeter should have an input  impedance of 
150 kilohms and a frequency response flat to well beyond 
100 kHz. 

For either of the suggested networks, the resistors and 
capacitors should be mounted in a metal container close to 
the millivoltmeter to avoid stray pickup by the leads going 
to the meter. 

A-3-3.4.3.1 and A-7-6.3.1.2 Documentation. While sev- 
eral approaches to documentation exist in hospitals, the 
minimum acceptable documentation should convey what 
was tested, when it was tested, and whether it performed 
successfully. Adopting a system of exception reporting can 
be the most efficient form of recordkeeping for routine 
rechecks of equipment  or systems and thereby minimize 
technicians' time in recording the value of each measure- 
ment taken. For example, once a test protocol is estab- 
lished, which simply means testing the equipment  or sys- 
tem consistent with this chapter, the only item (value) that 
needs to be recorded is what failure or what deviation from 
the requirements of the chapter was detected when a cor- 
rective action (repair) was undertaken. This approach can 
serve to eliminate, for example, the need to keep individ- 
ual room sheets to record measured results on each recep- 
tacle or to record measurement  values of all types of leak- 
age current  tests. 

A-3-4.1.1.1 Design. 

(a) Connection to Dual Source of Normal Power. For the 
greatest assurance of continuity of electrical service, the 
normal source should consist of two separate full-capacity 
services, each independen t  of the other. Such services 
should be selected and installed with full recognition of 
local hazards of interruption, such as icing and flooding. 

Where more than one full-capacity service is installed, 
they should be connected in such a manner  that one will 
pick up the load automatically upon loss of the other, and 
so arranged that the load of the emergency and equipment  
systems will be transferred to the alternate source (genera- 
tor set) only when both utility services are deenergized, 
unless this arrangement  is impractical and waived by the 
authori ty having jurisdict ion.  Such services should be 
interlocked in such a manner  as to prevent paralleling of 
utility services on either primary or secondary voltage 
levels. 

NOTE: In any installation where it is possible to parallel 
utility supply circuits, for example, to prevent interruption 
of service when switching from one utility source to 
another, it is imperative to consult the power companies 
affected as to problems of synchronization. 

(b) Installation of Generator Sets. For additional material 
on diesel engines see Diesel Engines for Use with Generators to 
Supply Emergency and Short Term Electric Power, National 
Research Council Publication 1132 (see Append& B). 

A-3-4.2.1.4(c) Voltage Sensing. Consideration should be 
given to monitoring all ungrounded  lines of the alternate 
source of power when conditions warrant. 

A-3-4.2.1.4(f)  T ime Delay on Retransfer to Normal  
Power. It is recommended that the timer be set for 30 
minutes [see A-3-4.4.1.1(b)l]. Consideration should also be 
given to an unloaded engine runn ing  time after retransfer 
to permit the engine to cool down before shutdown. 
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A-3-4.2.1.4(g) Test Switch. To maximize system reliabil- 
ity, it is good eng inee r ing  pract ice  to locate t ransfer  
switches as close as possible to the load that they serve. 
When  transfer  switches are instal led in remote ,  infre- 
quently accessed locations, it might be desirable to provide 
an annunciator  at the operat ing engineer 's  facility to per-  
mit monitor ing by a local control station. 

A-3-4.2.1.4(h) Indication of Switch Position. To maxi- 
mize system reliability, it is good engineer ing practice to 
locate transfer switches as close as possible to the load that 
they serve. Where  transfer switches are installed in remote,  
infrequently accessed locations, it might  be desirable to 
provide an annuncia tor  at the opera t ing  engineer 's  facility 
to permit  visual indication of transfer switch positions by 
local indication. 

A-3-4.2.1.4(k)t Automatic transfer switches can be pro- 
vided with accessory controls that provide a signal to oper-  
ate remote motor  controls that disconnect motors pr ior  to 
transfer, and to reconnect them after transfer when the 
residual voltage has been substantially reduced.  Another  
method is to provide in-phase monitors within the auto- 
matic transfer switch to prevent  retransfer  to the normal 
source until both sources are nearly synchronized. A third 
method is to use a p rog rammed  neutral  position transfer 
switch. [110: A-4-2.4.12] 

A-3-4.2.1.7(c)t Consideration should be given to the effect 
that load interruption could have on the load during mainte- 
nance and service of the transfer switch. [110: A-4-4.4] 

A-3-4.2.2.1 Separation of Wiring on Emergency System 
in Type  I Systems. In principle, Chapter  3 is designed to 
seek security of electrical function by protection against both 
internal disruption and the loss of primary power sources. In 
keeping therewith, Chapter 3 aims to limit the security dete- 
r ioration that might occur when poorly maintained and 
heavy-current-consuming items are connected to the same 
feeders that supply critical patient care functions. 

For greater  protection, such segregation of suspect and 
critical connect ions is best carr ied  out  t h roughou t  the 
length of a feeder system, preferably including the transfer 
device. This practice gives rise to the phrase protected 
feeder. 

While Chapter  3 must leave details of wiring and over- 
cur rent  protect ion to engineer ing judgment ,  in view of 
wide variations of conditions, the Committee on Electrical 
Systems' consensus is that feeders serving anesthetizing 
locations, special nursing care units, and special t reatment  
areas, where continuity of care is vital to life, should be 
given security through the segregation of protected feeders 
and that, to the greatest extent  practical, feeders should 
connect to the al ternate source of  power by means of sep- 
arate transfer devices. 

As a fur ther  protection against internal disruption, it is 
also r e c o m m e n d e d  that,  when practical ,  critical areas  
served by the essential electrical system have some port ion 
of lighting and receptacles connected to feeders supplied 
by the general  system. 

A-3-4.2.2.2(b)(4), A-3-4.2.2.2(c)(7), and A-3-5.2.2.2(d) 
Communication Systems. D e p a r t m e n t a l  ins ta l la t ions  
such as digital dialing systems used for in t radepar tmenta l  
communications might have impaired use dur ing  a failure 
of electrical service to the area. In the event of such failure, 
those systems that have lighted selector buttons in the base 

of  the te lephone instrument  or in the desk units known as 
"director sets" will be out of service to the extent that the 
lights will not function and that the buzzer used to indicate 
incoming calls will be silenced. The  lack of electrical energy 
will not prevent  the use of telephones for outgoing calls, 
but  incoming calls will not be signaled, nor will intercom- 
municating calls be signaled. This communication failure 
should be taken into consideration in planning essential 
electrical systems. 

A-3-4.2.2.2(c) Critical Braneh. It is recommended  that 
facility authori t ies  give considerat ion to providing and 
proper ly  maintaining automatic bat tery-powered lighting 
units or  systems to provide minimal task illumination in 
ope ra t ing  rooms,  del ivery rooms,  and certain special- 
p rocedure  radiology rooms where the loss of lighting due 
to failure of the essential electrical system might cause 
severe and immediate  danger  to a patient undergoing  sur- 
gery or  an invasive radiographic  procedure.  

A-3-4.4.1.1(b)l Test Interval. When indications such as 
the issuance of storm warnings indicate that power outages 
might be likely, good practice recommends  the warming 
up of generator  sets by a regular  exercise period.  Opera-  
tion of  generator  sets for short  intervals should be avoided, 
particularly with compression ignition engines, since it is 
harmful to the engines. 

A-3-5.2.2.3(c) Equipment for Automatic or Manual Con- 
nection. Other  selected equipment  can be served by the 
critical system. 

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

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

A-4-1.1 Operat ion of  piped medical gas systems at pres- 
sures in excess of 200 psig (1380 kPa) involves certain 
restrictions because of  the limitations in materials. (See 
4-4.1.2.1.) 

A-4-2.1 See Section 8-2. 

A-4-2.2 Section 4-3 covers r equ i r emen t s  for Level 1 
piped gas and vacuum systems; Section 4-4 covers Level 2 
piped gas and vacuum systems; Section 4-5 covers Level 3 
piped gas and vacuum systems; and Section 4-6 covers 
Level 4 piped gas and vacuum systems. 

A-4-3.1.1.1(a) Regulat ions of  the U.8. Depa r tmen t  of  
Transpor ta t ion (formerly U.S. Interstate Commerce Com- 
mission) outline specifications for t ransportat ion of explo- 
sives and dangerous  articles (Code of Federal Regulations, 
Title 49, Parts 171-190). In Canada, the regulations of the 
Canadian Transpor t  Commission, Union Station, Ottawa, 
Ontario, apply. 

A-4-3.1.1.2(a) This includes oxidizing gases. 

A-4-3.1.1.2(a)2 Conductive flooring is not required in cyl- 
inder  storage locations that are not a part  of a surgical or  
obstetrical suite. 

Conductive flooring is not required for those cylinder 
storage locations or manifold enclosures used only for non- 
flammable medical gases [see 2-6.5 of Annex 2]. 
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A-4-3.1.1.3(a) Compatibility involves both combustibility 
and ease of  ignition. Materials that burn in air will burn  
violently in pure  oxygen at normal pressure and explo- 
sively in pressurized 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 can 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 can be 
ignited by friction at a valve seat or stem packing or by adia- 
batic compression produced when oxygen at high pressure is 
rapidly introduced into a system initially at low pressure. 

A-4-3.1.1.7 The  bulk supply system should be installed 
on a site that has been prepared  to meet the requirements  
of NFPA 50, Standard for Bulk Oxygen Systems at Consumer 
Sites, or CGA Pamphlet  G-8.1, Standard for the Installation of 
Nitrous Oxide Systems at Consumer Sites. Storage unit(s), 
r e s e r v e ,  p r e s s u r e  r e g u l a t i o n ,  a n d  s igna l  a c t u a t i n g  
switch(es) are components  of the supply system. Shutoff 
valves, piping from the site, and electric wiring from a sig- 
nal switch(es) to the master signal panels are components  
of the piping system. 

The  bulk supply system is normally installed on the site 
by the owner of  this system. It is the responsibility of the 
owner or the organization responsible for the operat ion 
and maintenance of the bulk supply system to ensure that 
all componen t s  of  the supply  system - -  main supply,  
reserve supply, supply system signal actuating switch(es), 
and delivery pressure regulation equipment  --  function 
proper ly  before the system is put  in service. 

A-4-3.1.1.9(a) It is the intent that the medical air piping 
distr ibution system suppor t  only the intended need for 
breathable air for such items as IPPB and long-term respi- 
ratory assistance needs, anesthesia machines, etc. The sys- 
tem is not intended to be used to provide engineering,  
maintenance, and equipment  needs for general  hospital 
suppor t  use. It is the intent that the life safety nature of the 
medical air be protected by a system dedicated solely for its 
specific use. The  medical air distribution system could also 
supply air-driven instruments that exhaust  into the phar-  
ynx. This might be a dental  or other  surgical device. 

As a compressed air supply source, a medical air com- 
pressor should not be used to supply air for other  purposes 
because such use could increase service in ter rupt ions ,  
reduce service life, and introduce addit ional opportuni t ies  
for contamination. 

A-4-3.1.1.9(e)lb Examples  of  4-3.1.1.9(e)la are liquid 
r ing and permanent ly  sealed bear ing compressors. 

An example of 4-3.1.1.9(e)lb is an extended head com- 
pressor with an atmospheric  vent between the compression 
chamber  and the crankcase. 

A-4-3.1.1.9(g) The  utilization of an air- t reatment  system 
is the jo int  responsibility of  the system designer,  hospital 
clinical and engineering staffs, and the authority having 
jurisdiction. Different types of  compressors have character- 
istics that affect the selection of  the type of air- t reatment  
system. Some air- t reatment  systems impose an addit ional 
load upon the compressors that must be accounted for in 
the sizing of the system (usable capacity). The  compressor 

duty cycle must be chosen in accordance with the manufac- 
turer 's  recommendation,  

The type of air compressor and air condition at the intake 
will govern the type of filter provided for the air compressor 
supply system. All filters should be examined quarterly for 
the presence of liquids or excessive particulates and replaced 
according to the manufacturer's instructions. 

A-4-3.1.1.9(h) One method for a decision on the quality 
of the medical air is the following: 

1. Test at the intake and at the sample connection valve. 
2. If  the two purities agree within the limits of accuracy 

of the test, the compressor system can be accepted. 
3. If the air is found to exceed t~he values in the defini- 

tion of "medical compressed air" in Section 2-2, the facility 
can elect to install purification apparatus  for the contami- 
nants in question. 

A-4-3.1.1.9(h)2 Other  functions can be a d d e d  at the 
request of the facility, such as low water pressure,  etc. 

A-4-3.1.2.1(b)3c This signal will be present  only if the 
reserve supply consists of  high-pressure cylinders that do 
not have check valves in the cylinder leads or is provided 
by a second bulk liquid storage unit. 

A-4-3.1.2.2(a) See 4-3.1.2.2(a)3 and 4-3.1.2.4 for addi-  
tional requirements for tubes used in systems at nonstand- 
ard pressures. 

A-4-3.1.2.2(a)4 A distinction is made between deep-socket 
solder-joint fittings (ANSI B16.22) and those having shal- 
low sockets for brazing (MSS SP-73). The  use of  shallow- 
socket brazing fittings improves the quality of the braze- 
ment without decreasing its strength, particularly in larger 
sizes which are difficult to heat. See Table A-4-3.1.2.2(a)4 
for socket depths conforming to MSS SP-73. The  installer 
can use MSS SP-73 fittings (if available) or have the sockets 
on ANSI B16.22 fittings cut down to MSS depths.  Where 
shallow-socket fittings are used for the medical gas piping, 
care should be taken to avoid their use in other  piping sys- 
tems where joints may be soldered instead of brazed. 

Table A-4-3.1.2.2(a)4 Socket Depths For MSS SP-73 Brazing 
Fittings 

Tube Size Socket Depth 

I/4 in. (3/8 in. OD) 0.17 in. (3/16 in.) 
3/8 in. (1] 2 in. OD) 0.20 in. (13/64 in.) 
1/2 in. (5/8 in. OD) 0.22 in. (7/32 in.) 
3/4 in. (7/8 in. OD) 0.25 in. (1/4 in.) 
1 in. (1 I/8 in. OD) 0.28 in. (9/32 in.) 
11/4 in. (13/8 in. OD) 0.31 in. (5/16 in.) 
11/2 in. (15/8 in. OD) 0.34 in. (11/32 in.) 
2 in. (21/8 in. OD) 0.40 in. (13/32 in.) 
21/2 in. (25/8 in. OD) 0.47 in. 05/32 in.) 
3 in. (31/8 in. OD) 0.53 in. (17/32 in.) 
4 in. (4118 in. OD) 0.64 in. (41/64 in.) 
5 in. (51/8 in. OD) 0.73 in. (47/64 ill.) 
6 in. (61/8 in. OD) 0.83 in. (53/64 in.) 

A-4-3.1.2.2(b) See 4-3.1.2.4 for additional requirements for 
shutoff valves used in systems at nonstandard pressures. 

A-4-3.1.2.2(e)6 Typical plating would be nickel plating 
over copper  or brass per  Federal Specification QQ-N290, 
Class I, Type 7. 
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A-4-3.1.2.2(d) See 4-3.1.2.4 for additional requirements for 
station outlets used in systems at nonstandard pressures. 

A-4-3.1.2.2(d)l The purpose of the automatic secondary 
check valve is to shut off the flow of gas when the primary 
valve is removed for servicing. 

]A-4-3.1.2.3 The  responsible author i ty  of the facility 
should ensure that procedures are established to provide 
for the testing, maintenance, and operation of nonflamma- 
ble medical gas piping systems. 

A-4-3.1.2.3(c) All brazed joints should have a brazing 
alloy exhibiting a melting temperature in excess of 1000°F 
(538°C) to retain the integrity of the piping system in the 
event of fire exposure. 

A-4-3.1.2.3(c)7 The intent is to provide an oxygen-free 
atmosphere within the tubing and to prevent the forma- 
tion of copper oxide scale dur ing  brazing. This is accom- 
plished by filling the piping with a low-volume flow of low- 
pressure inert gas. 

A-4-3.1.2.3(d) Where threaded joints are tinned, soft sol- 
der should be used. If sealing compound is used, it should 
be applied sparingly so that excess sealant is not forced 
inside the system. 

A-4-3.2.1 R e c o m m e n d e d  V a c u u m  Source  S iz ing .  

Unweighted System Demand. Pump sizing is based upon 
first determining the total number  of station inlets in each 
of Groups A and B. These totals, each multiplied by 0.25 
SCFM, provide the two basic figures necessary to calculate 
total demand on the system. 

Percentage in Use Factor. The two SCFM totals thus 
determined (one for each group) are multiplied by the 
appropriate "percent in use" factor as shown on the curves 
illustrated in Figure A-4-3.2.2.1, Simultaneous Use Curves. 

Total Weighted System Demand. Adding these two calcu- 
lated demand totals (for Groups A and B) and, in addition, 
allowing 1.5 SCFM for each operating room provides the 
total system demand  and the required vacuum pump  
capacity. The pump should be selected to handle this flow 
or the maximum flow established for mains, whichever is 
higher. 

Summary. The basic sizing formula is: 
Vacuum Pump Size (SCFM) = 
N a x 0.25 x U.F. a + N B x 0.25 x U.F. B + NOR x 1.5 
Where: 
N A = number  of A-type terminals 
N B = number  of B-type terminals 
U.F. A = use factor for A-type terminal total 
U.F. B = use factor for B-type terminal total 
NOR = number  of 'operating rooms. 

A-4-3.2.1.1 Depending  on anticipated vacuum system 
demand  and utilization, as determined by consultation 
with the medical hospital staff, two or more centrally piped 
systems might be considered. 

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 tube 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 can pose special design problems. 

Consideration should be given to being able to intercon- 
nect two or more duplex pump systems. 

A-4-3.2.1.2 One method of indicating the reserved vac- 
uum pump is in use is to activate the alarm from the vac- 
uum switch that starts the reserve vacuum pump. 

A-4-3.2.1.6 Characteristics of the vacuum pump and vol- 
ume of the piping system are considerations for proper 
receiver sizing. 

A-4-3.2.1.8 Vibration can possibly cause motor deteriora- 
tion and premature piping failures. Excessive noise can 
interfere with trouble alarms being heard. 

A-4-3.2.1.9 Vacuum exhaust from separate pumps can be 
manifolded to a common exhaust line. 

A-4-3.2.2.1 See Appendix  C-4.8 for table on recom- 
mended number  of outlets and inlets for piped gas and 
vacuum systems, respectively. 
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Note 1 : If the medical-surgical vacuum system is to be used for the 
disposal of waste anesthetic gases caution must be taken to ensure that 
the system is designed for the additional volume required. It is 
recommended that 4-3.3.1, Waste Anesthetic Gas Disposal, be consulted 
as well. It is essential that the design team consult with medical and 
hospital staff when determining the minimum number of station inlets. 
Note 2: It should be understood that the percentage in use factors obtained 
from Figure A-4-3.2.2.1 represent an average hospital. Hospitals with 
heavier-than-average use may require higher use factors. 

Figure A-4-3.2.2.1 Simultaneous use curves. 

A-4-3.2.2.2(a) For requirements  for piping within the 
source portion of the vacuum system, see 4-3.2.1.7. 

A-4-3.2.2.2(c)  R e c o m m e n d e d  M i n i m u m  Pipe  Siz ing.  

Branch and Riser Sizing. Branch sizing should be on the 
basis of a flow into the system of 1.5 SCFM per station inlet 
served, commencing with the station inlet on the branch 
farthest from the vacuum source(s), until all of the station 
inlets in a room have been accommodated. Branch lines 
serving more than one room should be sized as mains in 
accordance with the paragraph below. Operat ing room 
suites, ICU suites, and the like, comprising several rooms, 
should be treated as one room. Risers should be sized in 
the same manner  as branches. 

Mains. Sizing should be on the basis of 0.25 SCFM per 
station inlet served, as described in Appendix C-4.3, with 
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the further provision that the size of  any main line should 
not be less than the largest pipe in any branch served by 
that main. The  flow rate to be handled at any point  in the 
main should be computed  on the number  of  A and B sta- 
tions connected thereto,  mult ipl ied by 0.25 SCFM, the 
simultaneous use percentage plus the allowance of  1.5 
SCFM per  opera t ing  room, or the flow from the largest 
branch served, whichever is greater.  

A-4-3.2.2.8(e) The  master alarm signal panel for the vac- 
uum system can be combined with other  alarm signals for 
other  facility systems, such as oxygen, emergency electrical 
power, or fire alarms, provided that the function of this 
alarm signal is clearly distinguished from the others by 
labeling as described in 4-3.2.2.8(d). 

See Table 4-3.4.1.4 for list of master alarm signals. 

A-4-3.2.2.9(a) For  addi t iona l  in format ion  concern ing  
alarms for central medical-gas piping systems, refer to Sec- 
tions 4-3 and 4-4. 

A-4-3.2.2.9(d) This signal is intended to provide immedi- 
ate warning for loss of, or increase in, system pressure for 
each individual vital life support  and critical care area. 

This signal is intended to provide immediate warning 
for loss of, or  increase in, system pressure for all anesthe- 
tizing locations supplied from a single branch line - -  not 
for each individual operat ing or delivery room. 

A-4-3.2.2.10(c) Vacuum gauges should have an indicated 
range of 0 in. to 30 in. Hg (vacuum). 

Vacuum gauges can be part  of shutoffvalves in boxes, or  
incorporated in a unit with gauges for the central medical 
gas piping systems described in Sections 4-3 through 4-5. 

A-4-3.3.1.1 A functioning WAGD system will permit  the 
facility to comply with occupational safety requirements  by 
prevent ing the accumulation of waste anesthetic gases in 
the work environment.  

WAGD using the HVAC (heating, ventilation, and air 
conditioning) are not within the scope of this chapter.  

A-4-3.3.1.3(b) For fur ther  informat ion,  see Append ix  
A-5-4.2 (re: ANSI Z79.11), and Appendix  C-12.1.3.1 on 
flammable anesthetic agents. 

Flammable and nonflammable gases are known to be 
incompatible with some 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 sys- 
tem, it should be recognized that this activity might cause 
deter iorat ion of the vacuum system. The  station inlet per- 
fo rmance  tests ou t l ined  in 4-3.5.6.1(c) are  ex t r eme ly  
impor tan t  in mainta ining the integri ty of the medical- 
surgical vacuum system, and they should be made at more 
f r equen t  in tervals  if waste anes the t ic  gas d isposa l  is 
included in the vacuum system. 

A-4-3.4,1.2(b) This is intended to test those stages of  con- 
struction that might not be accessible at a later time. 

A-4-3.4,1.2(c) This is the final pressure test of the com- 
pletely installed system and is intended to locate any leaks 
that would be more likely to occur at lower pressure - -  
e.g., leaks in station outlet valve seals. 

The  value of 20 percent  above normal  operat ing pres- 
sure permits testing without damage to other  system com- 
ponents and without activation of any installed pressure 
relief valves. 

A-4-3.4.1.3(g) This leak test uses the source gas and the 
system pressure for which the system is designed in o rder  
to avoid contaminating the existing system. 

I A-4-3.4.2.1(a) An operat ing range of 15 in. to 19 in. Hg is 
suggested at the receiver. 

A-4-3.4.2.1(b) It is recommended that vacuum pressure 
loss, from source to farthest station inlet, when the calcu- 
lated demand is drawn on the vacuum system, be limited 
to 3 in. Hg. 

A-4-3.4.2.1(c) This is not a criterion for pump sizing pur- 
poses. See Appendix C-4.3 for pump sizing recommendations. 

A-4-3.4.2.2(b)3 For information on how to correct pres- 
sure for tempera ture  changes, see Section 4-3. 

A-4-3.4.2.2(c)2 An acceptable method of  testing is by 
means of shutting down portions of the system using the 
shutoffvalves described in 4-3.2,2.6 to determine  the capa- 
bility of that portion to maintain a vacuum. An acceptable 
condition is a vacuum level loss of less than 1.5 in. Hg in 1 
hour  with the vacuum system piping initially at a vacuum 
in excess of 12 in. Hg. 

A-4-3.f.2.1(a) Safe Practice for Cylinders Containing 
Compressed Gases. 

Specifications for Cylinders. All cylinders containing com- 
pressed gases, such as anesthetic gases, oxygen, or other  
gases used for medicinal purposes, whether  these gases are 
flammable or not, should comply with the specifications 
and be maintained in accordance with regulations of the 
U.S. Depar tment  of Transportat ion.  

A-4-3.5.2.1(b)29 Cylinder  and container  t empera tu res  
greater  than 125°F (52°C) can result in excessive pressure 
increase. Pressure-relief devices are sensitive to tempera-  
ture and pressure. When relief devices actuate, contents 
are discharged. 

A-4-3.5.2.1(c)1 Use of so-called nonsparking  wrenches 
and tools is not necessary. 

A-4-3.f.2.1(e)l  Handling of Gas Containers. The pre- 
cautions outlined in CGA Pamphlet  P-l ,  Safe Handling of 
Compressed Gases, and Pamphlet  P-2, Characteristics and Safe 
Handling of Medical Gases, should be observed. (See Appen- 
dix B.) These publications cover such items as moving and 
storage of cylinders, labeling, withdrawing of  cylinder con- 
tents, and handling of leaking cylinders. Cryogenic fluids 
must be used only in containers designed for the purpose,  
such as a double-walled thermos bottle. 

Caps must be replaced promptly  after each use to pre- 
vent the solidification of atmospheric water vapor in the 
pouring neck, which otherwise could convert a safe cylin- 
der  into a potential bomb. 

Protective clothing and eye shields should be used to 
prevent  burns from issuing gases or spilled liquids. Effects 
of flammable and oxidizing proper t ies  are intense and 
demand  special fire protection measures and handling. 
Inadvertent  saturation of clothing by oxygen or spills on 
asphalt flooring, for example,  require p rompt  and accurate 
corrective measures. Ample ventilation is needed to pre- 
vent hazardous concentrations, for example,  of nitrogen, 
which could cause asphyxiation. For routine cooling oper-  
ations, liquid air or oxygen should never be used as substi- 
tutes for liquid nitrogen. 
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A-4-3.5.2.2(a) Electric wiring and equipment  in storage 
rooms for oxygen and nitrous oxide are not required to be 
explosionproof.  

A-4-3.5.2.3(a) These requirements  do not restrict the dis- 
tribution of  helium or  o ther  inert gases through piping 
systems. 

A-4-3.5.2.3(d) Activation of  any of  the warning signals 
should immediately be repor ted  to the depar tment  of the 
facility responsible  for the medical  gas p ip ing  system 
involved. If  the medical gas is supplied from a bulk supply 
system, the owner or  the organization responsible for the 
operat ion and maintenance of  that system, usually the sup- 
plier, should also be notified. As much detail as possible 
should be provided.  

A-4-3.5.3 All testing should be completed before put t ing 
a new piping system, or  an addit ion to an existing system, 
into service. Test  procedures  and the results of all tests 
should be made par t  of  the permanent  records of the facil- 
ity of  which the piping system forms a part.  They should 
show the room and area designations, dates of  the tests, 
and name(s) of  persons conducting the tests. 

[ A-4-3.5.5.2 Section 4-3 covers requirements  for Level 1 
piped gas and vacuum systems; Section 4-4 covers Level 2 
piped gas and vacuum systems; Section 4-5 covers Level 3 
p iped  gas and vacuum systems; and Section 4-6 covers 
Level 4 piped gas and vacuum systems. 

A-4-3.5.6.1(a) Vacuum systems from station inlets to the 
exhaust  d ischarge  should be cons idered  con tamina ted  
unless proven otherwise. Methods exist to disinfect the sys- 
tem or port ions thereof. 

Clogging of  regulators,  for example,  with lint, debris, or 
dr ied body fluids, reduces vacuum system performance.  

A-4-3.5.6.1(c) The  test can be conduc ted  using (1) a 
ro tometer  or o ther  flow-measuring device and (2) a vac- 
uum gauge, both devices being fitted with the appropr ia te  
station inlet connector.  

The  test p rocedure  will be to measure the flow with the 
station inlet wide open while simultaneously measuring the 
vacuum level at an adjacent  wall station inlet or other  sta- 
tion inlet on the same branch line. 

It is recognized that this criterion might 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). 

A-4-3.5.6.1(d) Suction collection bottles that are used as 
part  of  patient t reatment  equipment  should be equipped 
with an overflow shutoff device to prevent  carryover of flu- 
ids into equ ipmen t  of  the p ip ing  system. It is recom- 
mended  that a separate vacuum trap with shutoff be used 
between the suction collection bottle and the vacuum sys- 
tem station inlet. 

A-4-5.1.1.2 When the storage/supply enclosure is remote 
from the single t reatment  facility, it should be locked for 
security reasons to prevent  tampering.  Access should be 
only via authorized staff or fire depar tment .  When the 
enclosure is within the single t reatment  facility, it is left to 
the discretion of the single t reatment  facility management  
as to whether  greater  benefit is achieved by immediate  
access or by security. An enclosure with direct access from 
a public hallway should be locked. I f  the door  to the enclo- 

Use points 

/ 
~ Storage 

/ Hall 

(a) Example of storage not remote; 
locking not required 

(b) Example of remote storage 
adjacent to use points but 
access to storage is from hall; 
locking requireo 

Use points t 

Storage 

(c) Example of remote storage; 
storage on different level; 
locking required 

Figure A-4-5.1, !.2. 

sure opens onto an exit access corridor,  see 4-5.1.1.2. (See 
Figure A-4-5.1.1.2.) 

A-4.5.1.1.3 Level 3 compressed air and nitrogen gas sys- 
tems are  used p r imar i ly  to dr ive  gas -powered  power  
devices. Similar applications are in podiatry and plastic 
surgery. Examples of these are air used to drive turbine- 
powered drills and air used to dry teeth and gums. Some 
dental  hand pieces have an internal  self-contained air 
re turn  system, while other  hand pieces discharge air into 
the a tmosphere .  Some discharge a mixture  of  air  and 
water. Nitrogen is often piped as an al ternate or reserve 
supply to the compressor  system. 

The  application of dental  compressed air is not used for 
l ife-support purposes such as respirators,  IPPB machines, 
analgesia, anesthesia, etc. Air discharged into the oral cav- 
ity is incidental and not a pr imary source of air to sustain 
life. However, if there is a coincident use of dental  air for 
providing respiratory support ,  the requirements  of dental  
air will be superseded by those of  the respiratory support ,  
and the compressed air system must produce  the higher- 
quality medical compressed air as defined in Chapter  2. 
This might affect the selection of a compressor.  

A dental  compressed air system should not be used to 
provide power for an air-powered evacuation system with- 
out specific attention paid to the discharge of  the evacu- 
ated gases and liquids. An open discharge of  evacuated 
gases into the general  environment  of an opera tory  might 
compromise the quality of  breathing air in the t reatment  
facility. Air discharge should be vented to the outside of the 
building through a dedicated vent. 

An air power evacuation system might require signifi- 
cant quantities of  air to operate.  Manufacturers '  recom- 
mendations should be followed regarding p roper  sizing of  
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the air compressor.  Inadequate  sizing can result in over- 
heating, p remature  compressor failures, and inadequate 
operat ing pressures and flows. 

A-4-5.1.1.3(c) Compressed-a i r  quality can be compro-  
mised and expected life of  system components  can be 
shortened if an undersized system is installed. Manufactur- 
ers '  r e c o m m e n d a t i o n s  shou ld  be fol lowed r e g a r d i n g  
p roper  sizing of the air compressor(s). 

A-4-5.1.1.3(e) The  environmental  air source for the com- 
pressor inlet should take into consideration possible con- 
taminat ion by part iculates,  concentrat ions of  biological 
waste contaminants,  ozone from nearby brush-type electric 
motors, and exhaust  fumes from engines. 

Air taken from an outs ide a tmosphere  might  cause 
harmful  condensation problems in the compressor.  Long 
runs of inlet tube should also be avoided as it will degrade  
compressor  performance.  The  compressor  manufacturer 's  
recommendat ions  should be followed regarding appropr i -  
ate pipe size to prevent  possible degradat ion  of system 
performance.  

A dental  air compressor and dental  vacuum system can 
be in the same equipment  room as long as the inlet for the 
dental  air compressor does not draw air from a room or  
space containing an open discharge for the dental  vacuum 
system. 

Atmospheric air in an operatory can have traces of  mer- 
cury vapor and other  contaminants. A compressor inlet 
location that would draw its supply directly from an oper-  
atory should be avoided. 

A-4-5.1.1.3(g) A color dew point  moni tor  downstream of  
the receiver indicating the quality of air coming into the 
receiver is desirable. 

A color dew point  monitor  in the main t reatment  facility 
is appropr ia te  to help the staff prompt ly  identify when the 
system is being degraded  with air of dew point  higher  than 
is acceptable. 

The design of the color monitor should be such that the 
normal tolerance of variations will limit the maximum mois- 
ture at 39°F at 100 psig (3.9°C at 690 kPa) at activation. 

A-4-5.1.1.4(a) If  ni trogen is used as a backup supply to a 
compressed gas system, the nitrogen operat ing pressure 
should be regulated so as not to exceed the operat ing pres- 
sure of  the Level I I I  compressed air system. 

A-4-5.1.1.4(d) The  c u f t  (or m :~) of stored nitrogen gas is 
not restricted. 

A-4-5.1.2.1(c)4 This signal is intended to provide imme- 
diate warning for loss of, or increase in, system pressure 
for each individual vital life suppor t  and critical care area. 

] A-4-5.1.2.1(e)5 This signal is intended to provide immedi- 
ate warning for loss of, or increase in, system pressure for all 
anesthetizing locations supplied from a single branch line - -  
not for each individual operating or delivery room. 

A-4-5.1.2.6 If  the supply system is within the confines of 
a single t reatment  facility a simple manual  transfer is per- 
missible. Only high/low pressure alarms are required.  The  
gases are to be manifolded so a quick manual  transfer is 
possible without l ife-threatening consequences. 

However, if the supply system is remote, a p rompt  trans- 
fer of gases becomes more difficult. It might require tran- 
scending one or more flights of stairs and/or  going to a 

remote location on the same floor. Under  these situations 
an automatic system is required.  

A-4-5.1.2.7 The  installation of a supply serving more  
than one single t reatment  facility creates by its very nature  
a remote location relative to the other  facility. Because 
more than one practice might be involved, the transfer of  
oxygen and ni t rous oxide gases is to be automatical ly 
achieved. 

A-4-5.1.2.10 One of  the major  concerns is the cross- 
connection of piping systems of  different gases. The prob- 
lem of cross-connection of oxygen and other  gases such as 
nitrous oxide, air, and nitrogen can readily be recognized/ 
prevented by the use of different sizes of tubing. It is rec- 
ommended  that piping and manifolds for oxygen service 
be of a different size than the piping intended for other  gas 
services. The  piping for other  than oxygen can be of  a 
smaller size. Generally, oxygen is installed in 1/2-in. O.D. 
tube size and other  gases with 3/8-in. O.D. tube size. 

A-4-5.1.2.11(b)l Should a fire occur at night or when the 
facility is not in use, fire fighters should not be confronted 
with a potential pressurized gas source that could feed the 
fire and cause extensive damage and risk of life. Good eco- 
nomics also dictate that when the system is not in use, the 
leakage of  gas through hoses, couplings, etc., can be mini- 
mized if the system is shut off and portable equipment  dis- 
connected. (See Figure A-4-5.1.2.11(b)l.) 

Emergency shutoff 

Use points % ~ ~  

(a) Single treatment facility with manual emergency cutoff 

Emergency shutoff I Shut°ff-I: -- ] 
actuator [ ]  
panel p 

Use points t t 
L . . . . . . . . . . . . . . .  I 

(b) Single treatment facility with remote shutoff at cylinder 

Electric 
solenoid 
shutoff 
valves 

Emergency shutoff E ~ e n c y  shutoff I 

Remote- '~  actuator ~ ~ Remote I actuator I 
panel i ; panel ] 

Use points iI I I Use points [ 
i i 
i i 
i . . . .  1',.. . . . .  l . . . . .  

i 
i 

i 
i 

(c) Two single treatment facilities require individual emergency 
shutoff valves even with remote actuator shutoff at supply. 

Figure A-4-5.1.2.11(b)l  Shutoff  valves.  

Electric 
solenoid 
shutoff 
valves 
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A-4-5.1.2.12(b) Station outlets can be recessed or other- 
wise protected from damage. 

A-4-5.1.3.1(b) Acceptable materials are wrought copper, 
brass, or bronze. 

A-4-5.2.1 Level I II  vacuum systems can be used for dental, 
podiatry, and medical care facilities. 

See definition of  "Vacuum Systems - -  Level I I I"  in 
Chapter 2. 

A-4-5.2.1.4 Improper  design will permit gas pressure to 
build up in the ventilation system and might blow the trap 
liquid seals. 

A-4-5.2.1.8 Care should be taken to ensure the dual 
exhaust systems do not develop excessive back pressure 
when using a common ~xhaust line. 

A-4-5.4.1.3(g) This will ensure that the required pressure 
and flow meet the secondary equipment  manufacturer 's  
requirements. 

A-4-5.5.2.3(a) It is the intent to provide a simple, safe pip- 
ing system for small facilities. Although the number of use 
points could be a consideration, it was felt that actual gas use 
is a more accurate indicator of  complexity. Applications 
involving a storage in excess of 3000 ft s (85 m 3) would have 
a complexity warranting installation in accordance with the 
provisions of  Level I patient gas distribution systems. 

Although the principle intent is to provide simple installa- 
tions for single treatment facilities, numerous applications 
exist where a remote use point creates essentially a second 
treatment  facility or where the supply system might be 
shared by another health care professional such as another 
dentist, podiatrist, oral surgeon, or general medicine prac- 
tioner. The addition of  another treatment facility requires 
incremental safety precautions. 

A maximum of two single treatment facilities also approx- 
imates the limit with which a 3000 ft 3 (85 m s) supply system 
can provide [5000 ft s (143 m s) when liquid oxygen is used]. 

It is acknowledged that older user analgesia equipment 
has offered a nitrous oxide lockout device that requires a 
minimum of 3 L/min oxygen flow. However, a reasonable 
percentage of  older equipment without this safety feature is 
in daily use. The storage and piping system is based upon 
the potential use, either initially or subsequently, of  one of  
the older style analgesia equipment in one of  the single 
treatment facilities. 

The quantity of  3000 ft s (85 mS), or 5000 ft s (143 m s) if 
liquid oxygen storage, is to be taken as the total combined 
storage of gases if there is more than one supply system in 
the single treatment facility. 

A-4-6.1.2.1 Piping Systems. Piping systems supplying 
medical gases to patients should be reserved exclusively for 
that purpose so as to protect the patients from administra- 
tion of  gas other than that intended for their use. Therefore 
laboratory gas piping systems should not be used to pipe gas 
for use by hospital patients. This warning is also intended to 
apply to piping systems intended to supply gas to patients 
within a laboratory facility. Such a system should not be used 
to supply laboratory equipment other than that directly 
involved with the patient procedure. 

A-4-6.2.2 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 of  patient ther- 
apy 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. 

A-5-4.1 Ventilation of  Anesthetizing Locations. Mechani- 
cal ventilation is required as a means of  diluting flammable 
gases and maintaining the proper humidity. It is also the 
most effective and aseptic method of  maintaining a uni- 
form humidity within the area. 

General. Anesthetizing locations used solely for the 
induction of anesthesia need only be ventilated at a rate 
sufficient to maintain the proper humidity. 

Anesthetizing locations in which clinical procedures are 
performed, such as operating rooms, delivery rooms, and 
certain treatment rooms, require special ventilation as 
described below. This special ventilation serves not only to 
maintain humidity but also to reduce the hazard of  infec- 
tion, which is accomplished by dilution and removal of  air- 
borne microbial contamination and dilution of  flammable 
gases. It also contributes to odor control and comfort of  
personnel. 

The Committee on Anesthesia Services recognizes that a 
hazard can be created by the chronic exposure of  anesthe- 
sia and other operating room personnel to low concentra- 
tions of vapors or commonly employed volatile liquid inha- 
lation anesthetic agents. For further information see: 

(a) Cohen, E. N., et al. Anesthesia, pregnancy and mis- 
carriage; A study of  operating room nurses and anesthe- 
tists. Anesthesiology 35:343, 1971. 

(b) Whitcher, C. E., et al. Chronic exposure to anes- 
thetic gas in the operating room. Anesthesiology 35:348, 
1971. 

(c) Yanagida, H., et al. Nitrous oxide content in the 
operating suite. Anesth. and Analg. 53:347, 1974. 

(d) Frey, R., et al. How strong is the influence of  chronic 
exposure to inhalation anesthetics on personnel working in 
operating theatres? W.F.S.A. Newsletter No. 10, June 1974. 

The Health Hazard 

(a) Cohen, E. N., et al. Occupational disease among 
operating room personnel - -  a national study. Anesthesiol- 
ogy 41:321-340, 1974. 

(b) Spence, A. A., et al. Occupational hazards for oper- 
ating room-based physicians. JAMA 238:955-959, 1977. 

(c) Cohen, E. N., et al. A survey of anesthetic health 
hazards among dentists. J. Am. Dent. Assoc. 90:1291-1296, 
1975. 

(d) Greene, N., Report  on American Cancer Society 
study of causes of death amongst  anesthetists. Annual 
Meet ing ,  American Society o f  Anesthesiologists, New 
Orleans, Louisiana, 18 October 1977. 

(e) Hazleton Laboratories America, Inc. Final Reports, 
CDC-99-74-46, National Institute for Occupational Safety 
and Health, 1014 Broadway, Cincinnati, Ohio. Long-term 
inhalation reproductive and teratogenic toxicity evaluation 
of  nitrous oxide plus halothane. 14 November 1975. Cyto- 
genic evaluation of  spermatogonial cells in the rat follow- 
ing long-term inhalation exposure to nitrous oxide plus 
halothane. 17 November 1976. 
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(t) Chang, W. C., et al. Ultrastructural  changes in the 
nervous system after chronic exposure to halothane. Exp. 
Neurol. 45:209-219, 1974. 

(g) Quimby, K. L., et al. Behavioral consequences in rats 
from chronic exposure  to i0 ppm halothane dur ing  early 
development.  Anesth. and Analg. 54:628-633, 1975. 

(h) Kripke, B. J., et al. Testicular reaction to prolonged 
exposure to nitrous oxide. Anesthesiology. 44:104-113, 1976. 

(i) Fink, B. R., ed. Toxicity of Anesthetics. Part Four, "Ter- 
atogenic Effects." Baltimore, Williams & Wilkins Co., 308- 
323, 1968. 

(j) Bruce, D. L., et al. Trace anesthetic effects on percep- 
tual, cognitive and motor  skills. Anesthesiology 40:453-458, 
1973. 

(k) Bruce, D. L., and Bach, M.J. Psychological studies of 
human performance as affected by traces of enflurane and 
nitrous oxide. Anesthesiology 42:194-196, 1975. 

(1) Smith, G., and Shirley, A. W. Failure to demonstrate  
effects  o f  low c o n c e n t r a t i o n s  of  n i t r o u s  o x i d e  a n d  
halothane on psychomotor  performance.  Br. J. Anaesth. 
48:274, 1976. 

(m) Davison,  L. A., et al. Psychologica l  effects of  
halothane and isoflurane anesthesia. Anesthesiology 43:313- 
324, 1975. 

(n) Walts, L. F., et al. Critique: Occupational disease 
among operat ing room personnel.  Anesthesiology 42:608- 
611, 1975. 

(o) Cohen, E. W., and Brown, B. W. Comment  on the 
critique. Anesthesiology 42:765-766, 1975. 

(p) Fink, B. R., and Cullen, B. F. Anesthetic pollution: 
What  is happening  to us? Anesthesiology 45:79-83, 1976. 

(q) Lecky, J. H. Chronic exposure to anesthetic trace 
levels. Complications in Anesthesia, edited by L. H. Cooper-  
man and F. K. Orkin.  J. B. Lippincott Co., Phila. In press. 

Reduction and Control Methods 

(a) Pisiali, R. L., et al. Distribution of waste anesthetic gases 
in the operating room air. Anesthesiology 45:487-494, 1976. 

(b) Whitcher,  C. E., et al. Control of  occupational expo- 
sure to nitrous oxide in the dental  operatory.  J. Am. Dent. 
Assoc. 95:763-766, 1977. 

(c) Muravchick, S. Scavenging enflurance from extracor- 
poreal pump oxygenators. Anesthesiology 47:468-471, 1977. 

(d) Whitcher,  C. E., et al. Development and evaluation 
of methods for the elimination of waste anesthetic gases 
and vapors in hospitals. HEW Publication No. (NIOSH) 
75-137, GPO stock no. 1733-0071. Supt. of Documents, 
Govt. Print. Off., 1975. 

(e) Whitcher, C. E., et al. Control of occupational expo- 
sure to N20 in the dental  operatory.  HEW Publication No. 
(NIOSH) 77-171. Cincinnati, U.S. Depar tment  of Health, 
Education and Welfare, Public Health Services Center for 
Disease Control,  National Institute for Occupational Safety 
and Health. 

(f) Lecky, J. H., et al. In-house manual for the control of 
anesthetic gas contamination in the operat ing room. Uni- 
versity of Pennsylvania Hospital publication. 

(g) Lecky, J. H. The  mechanical aspects of anesthetic 
pollution control. Anesth. and Analg. 56:769, 1977. 

Dealing with Personnel 

(a) Lecky, J. H. Notice to employees on the potential 
health hazards associated with occupational exposure to anes- 
thetics. University of Pennsylvania Hospital publication. 

N I O S H -  OSHA 

(a) Criteria for a recommended standard:  Occupation 
exposure to waste anesthetic gases and vapors. HEW Pub- 
lication No. (NIOSH) 77-140. Cincinnati, U.S. Depar tment  
of Health, Education and Welfare, Public Health Service 
Center for Disease Control, National Institute for Occupa- 
tional Safety and Health. 

ANSI Z79 

(a) American National Standards Institute, Committee 
Z79, SC-4 Anesthesia Gas Scavenging Devices and Disposal 
Systems, J. H. Lecky, M.D., Chairman, ANSI/Z79.11-1982. 

A pruden t  course of action pending  further data on this 
topic lies in the installation of a gas scavenging system for 
use when inhalation anesthetic techniques are employed 
with gas flows in excess of  metabol ic  and  anes the t ic  
requirements.  Care must be taken in the selection and 
application of any such system to a gas anesthesia appara-  
tus or anesthesia ventilator to avoid exposing the breathing 
circuit to any pressure less than atmospheric,  and also to 
avoid the dumping  of any flammable vapors into a central 
suction system not designed for such operation.  

Operating Rooms, Delivery Rooms, and Special Procedure 
Rooms. Ventilation air should be supplied from several 
outlets located on the ceiling or high on the walls of  the 
location. Air should be exhausted by several inlets located 
near the floor on opposite walls. The air distribution pat- 
tern should move air down and through the location with 
a minimum of draft to the floor for exhaust. 

Studies indicate that an air change rate equivalent to 25 
room volumes of air per  hour  dilutes bacteria dispersed 
into the room by human activity. When properly filtered, 80 
percent can be recirculated with no more microbial contami- 
nation than 100 percent outdoor air filtered in the same 
manner. (See ASHRAE Handbook on HVAC Applications, Chap- 
ter 7, "Table on Pressure Relationships and Ventilation of Certain 
Hospital Areas.") A positive air pressure relative to the air pres- 
sure of adjoining areas should be maintained in the anesthe- 
tizing location. This is accomplished by supplying more air to 
the location than is exhausted from it. Such pressurization 
will eliminate the infiltration of contaminated air a round 
perimeter openings of door closures or other wall openings 
during clinical procedures. 

Ventilation systems should incorporate air filters with an 
efficiency of not less than 90 percent  when tested in accor- 
dance with ASHRAE Standard 52-76, Method of Testing Air 
Cleaning Devices Used in General Ventilation for Removing Par- 
ticulate Matter. (Summar ized  in ASHRAE Handbook -- 
Chapter  10, Equipment.) 

Humidity Control. The ventilation system must incorpo- 
rate humidity equipment  and controls to maintain a rela- 
tive humidi ty  of  at least 50 percent  or  as provided in 
5-4.2.1. Although the high level of humidity is not suffi- 
ciently reliable for complete  dissipation of  electrostatic 
charges, this humidity does reduce the hazard of electro- 
static spark discharges under  many conditions. The control 
of a i rborne bacteria is facilitated in this range of humidity. 

Temperature. The t e m p e r a t u r e  to be main ta ined  in 
operat ing rooms should be chosen on the basis of the well- 
being of patient and operat ing teams. It is recommended  
that the equipment  provide for a room tempera ture  in a 
range of 20°C (68°F) to 24°C (75°F) with controls for select- 
ing any desired temperature  within this range. 

1996 Edition 



99-136  HEALTH CARE FAC I LITI ES 

A-5-4.2.1 Venti lation Design.  Prevalent  practice when 
laboratories are provided with supply and exhaust  ventila- 
tion is to design the fume hood exhaust  as an integral part  
of  the balanced ventilating system, so that the fume hood 
exhaust  is in constant operation.  

A-5-4.3.1 Biological safety cabinets (BSC) that are vented 
to the outside share some characteristics with chemical 
fume hoods. The interiors of  each are at negative pressure 
with respect to the ambient  environment .  BSC are not 
in tended to be used for protection from exothermic or  
potentially explosive chemical reactions. (See HHS Publica- 
tion No. (CDC) 93-8395, Biosafety in Microbiological and Bio- 
medical Laboratories, for a description of  BSC and their ven- 
tilating requirements.)  

A-5-6.2 Warn ing  signs should  include,  or  reference ,  
information on hazards, and on the changing, handling,  
and disposal of  filters. 

A-7-1 This chapter  originated from a concern about elec- 
trical safety in the hospital. It resulted in NFPA 76B-1980, 
Safe Use of Electricity in Patient Care Areas of Hospitals (incor- 
pora ted  into NFPA 99 in 1984). 

This chapter  states the basic electrical safety perfor-  
mance criteria for patient care areas to be followed by per- 
sonnel. Chapter  9 provides performance criteria for man- 
ufacturers of appliances. Chapter  3 provides performance 
criteria for the installation implementat ion requirements  
contained in Article 517, NFPA 70, National Electrical Code. 
The purpose  of  these chapters is the practical safeguarding 
of patients and staff from the hazards arising from the use 
of  electricity in medical diagnosis and therapy.  

The  material in this appendix,  as it relates to electrical 
safety (Sections A-3 and A-7), interprets  some of  the basic 
criteria by present ing different methodologies and alterna- 
tive procedures  to achieve the level of  safety defined by the 
criteria. 

A-7-5.1.3.2 The re  are  several methods  for measur ing  
ground-wire  resistance accurately. T h r e e  examples  are  
described below: 

(a) Two-Wire Resistance Technique. 

Current ~ + -  I --,- 
source y Voltmeter 

) h - - ~ - - )  ~ - . J  

Resistance 
to be 
measured 

A known current  is fed through the unknown resistance. 
A high- input- impedance voltmeter measures the voltage 
drop  across the resistance and R is calculated as V/I. This 
technique measures the lead resistance in series with the 
unknown resistance. When the unknown resistance is a 
g round  wire (less than 0.15 ohm), the lead resistance is 
appreciable.  This is accounted for by short ing the lead 
wires together  and "zeroing" the voltmeter.  The  actual 
resistance in effect subtracts out the lead wire resistance. In 
o rder  for this technique to be reasonably accurate for mea- 
suring ground  wires, an active high- impedance millivolt- 
meter  must be used. 

(b) Four-Wire Resistance Technique. 

- I . - ~  

I High I ) Resistance 
Current (J  impedance to be 
source 1 voltmeter V~ ) measured 

) 

This technique is very similar to the two-wire resistance 
technique. The  difference is that the known current  is fed 
to the resistance to be measured through a pair of  leads 
separate from the pair  of leads to the voltmeter. The  volt- 
meter  is measuring the true voltage across the resistance to 
be measured regardless of the resistance of  the measuring 
leads. This method eliminates the need for zeroing out the 
measuring lead resistance. 

(c) AC Current Method. 

120 volts 

AC ammeter 

trlU . 
This technique  utilizes a s tep-down t r ans fo rmer  of  

known voltage output  to feed current  through the g round  
wire and measure the current  that flows. The  impedance 
of the ground  wire is then calculated by Ohm's  Law. 

NOTE: The internal impedance of the measuring circuit 
must be established with the test leads shorted. This value 
needs to be subtracted from the test measurement. 

A-7-5.1.3.3 and A-9-2.1.13.3 Leakage Current Measure- 
ments.  For complex leakage current  waveforms, a single 
reading from an appropr ia te  meter ing system can repre-  
sent the physiologically effective value of  the composite 
waveform, provided that the contribution of each compo- 
nent to the total reading is weighted in accordance with 
7-5.1.3.3 or 9-2.1.13.3. 

This  "weigh t ing"  can be achieved by a f requency-  
response-shaping network that precedes a flat-response 
meter,  or by a meter  whose own frequency response char- 
acteristic matches 7-5.1.3.3 or  9-2.l .  13.3. 

If  the required performance is obtained by a meter  with 
integral  response  shaping proper t ies ,  then that  meter  
should have a constant input  resistance of 1000 ohms. (A 
high-input- impedance meter  may be used by shunting a 
1000-ohm resistor across the meter 's  input  terminals.) 

If, however, the required frequency response is obtained 
by a network that  precedes  an otherwise f lat-response 
meter,  then the input  impedance of the network should be 
1000 ohms -+ 10 percent,  over the frequency range from 0 
to 1 MHz, and the frequency response of the network- 
meter  combination must be substantially independen t  of 
the impedance of the signal source. 

For maximum chassis leakage current  allowed (i.e., 300 
microamperes)  below 1 KHz, this network will yield the 
limiting current  of 10 ma above 30 KHz. 
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A suggested input  network is shown below. 

10,000 ohms 

1000 ohms ofarad Millivoltmeter 

Figure A-7-5.1.3.3/A-9-2.1.13.3 Leakage current measurements (1.0 mil- 
livolt meter reading corresponds to input current of 1.0 microampere). 

A-7-5.2.2.2 As a guideline, 500 microamperes  is recom- 
mended  as the maximum allowable leakage current  limit 
for laboratory equipment.  

[ A-7-5.2.2.2(d) Electrical equipment  has been a frequent 
source of  ignition of  flammable concentrations of gases and 
vapors when combustible and flammable liquids and gases 
have been used in or  near  equipment  not designed or safe 
for such use. While general  and special ventilation will usu- 
ally prevent  the accumulation of flammable concentrations 
of  gases and vapors in health care laboratories, the hazards 
should be recognized. Recommended practice is to evalu- 
ate at least annually what combustible and flammable liq- 
uids and gases are being used in the laboratory, what elec- 
trical equipment  is exposed to flammable vapors and gases 
routinely or under  reasonably foreseeable circumstances, 
whether  special listed and labeled electrical equipment  is 
available and justified, or whether equivalent safety can be 
provided more economically and practically by ventilation 
or quantity limitations. 

As an educat ional  measure  in laboratories that have 
many personnel  and electrical devices and that handle  
combustible or flammable liquids in containers larger than 
1.69 oz (50 ml), electrical equipment  not listed or labeled 
for use in hazardous atmospheres should be marked with 
precaut ionary signs or  labels with a legend such as: 

May ignite flammable vapors or gases. Not safe for use 
with exposed organic liquids with flash point  tempera-  
tures below 100°F (37.8°C) (or the tempera ture  of  the 
high-limit cutoff if the equipment  is designed for heat- 
ing, e.g., oil bath or hot plate). 

A-7-6.2.1.8 Considerat ion should be given to requir ing 
the vendor  to sell parts to the individual or group desig- 
nated by the hospital to service the equipment  following 
the warranty period. 

A-7-6.2.4.2 The  use of electrical equ ipment  in spaces 
where there is a high oxygen content is a matter  of concern 
because of  the fire hazard. It is particularly a problem 
where the oxygen is "pure,"  i.e., 80 - 90 percent,  because 
mater ia ls  not  very f lammable  in o rd ina ry  air become 
extremely flammable in pure  oxygen. 

In medical practice, particularly in surgery, patients are 
often given supplemental  oxygen, via respirator,  anesthesia 
machines, etc. Such supplements  may range from room air 
to 100 percent  oxygen. Clearly, different levels of  protec- 
tion are needed. 

This s tandard addresses the problem by defining three 
elements of the situation: 

(a) The  kind of air: An Oxygen-Enriched Atmosphere  
(OEA) is air that ranges from slightly enriched (23.5 per- 
cent rather  than 21 percent) to total oxygen (100 percent). 

(b) The kind of apparatus:  Oxygen Delivery Equipment  
(ODE) is a device to deliver an OEA to a patient. 

(c) The  kind of space: A Site of Intentional  Expulsion 
(SIE) is a small volume where oxygen that has been deliv- 
ered to the patient is discharged to the ambient  air. 

When an OEA is within an ODE, it is much more likely 
to have a high concentration of oxygen. Section 9-2.1.9.3 
therefore  advises manufacturers ,  and 7-6.2.4.2 advised 
users, of  precautions to take to reduce the fire hazard. Sec- 
tion 9-2.1.9.3 lists four ways of attacking the problem. Note 
that an OEA can be created not only in a ventilator or oxy- 
gen tubing, but  also in an oxygen tent or incubator. Spe- 
cial precautions must be taken. 

At the other  extreme of hazard is a space in the open air, 
the SIE. This space is defined as within 12 in. (30.5 cm) of 
the exhaust  port,  because in most instances dilution to 
ambient  levels occurs within a few inches of the port; 12 in. 
(30.5 cm) provides  an adequa te  safety factor. Section 
9-2.1.9.3 provides guidance to minimize this hazard by 
requiring that only those parts of the apparatus  that are 
intended to be within the SIE are of concern. Even these, 
such as nurse call buttons, leads, etc., do not necessarily 
need to be listed for use in OEA because they usually con- 
form to provisions of  Subparagraph (d), i.e., they do not 
have hot surfaces and they meet Figures 9-2.1.9.3(a) etc. 

The  intent of 7-6.2.4.2 is to advise users to specify appli- 
ances that meet higher requirements  where the hazard is 
higher, but  not to overspecify where the hazard is minimal. 
Thus, as they are ordinarily used, nurse call buttons, pillow 
speakers, etc., do not need to be listed for use in oxygen- 
enriched atmospheres.  

Note, however, that these requirements apply only to 
the in tended  use. The  user must  exercise vigilance to 
guard against an unintended use or an accidental failure, 
which can vastly increase the hazard. 

A-7-6.2.5.1 One reason for requir ing testing of all electri- 
cal equipment  used in the laboratory is to provide mini- 
mum assurance against electrical macroshock hazards. 

A-7-6.2.5.2 Most laboratory fires involve biomedical or 
other electronic equipment failures. The most common igni- 
tion factors are short circuits or ground faults. Electrical wire 
or cable insulation is the material most likely to first ignite in 
a clinical laboratory fire. (Reference: Hoeltge GA, Miller A, 
Klein BR, Hamlin WB, Accidental Fires in Clinical Laborato- 
ries, Arch Pathol Lab Med 17:1200-1204, 1993.) 

A-7-6.3.1.2 Documentat ion.  (See A-3-3.4.3.1.) 

A-8-1.2 Respiratory therapy is an allied health specialty 
employed with medical direction in the treatment,  man- 
agement ,  control ,  d iagnos t ic  eva lua t ion ,  and  care of  
patients with deficiencies and abnormalit ies of the cardio- 
pulmonary system. 

Courtesy of the American Association for Respiratory Therapy, 
1720 Regal Row, Dallas, TX 75235. 

1996 Edition 



99-138 HEALTH CARE FACILITIES 

Respiratory therapy includes the therapeutic  use of  the 
following: medical gases and adminis t ra t ion  appara tus ,  
environmental  control  systems, humidification, aerosols, 
medicat ions ,  ven t i l a to ry  suppor t ,  b r o n c h o - p u l m o n a r y  
d ra inage ,  p u l m o n a r y  rehabi l i t a t ion ,  c a r d i o p u l m o n a r y  
resuscitation, and airway management .  2 

There  is a continual need for human diligence in the 
establishment and maintenance of safe practices for respi- 
ratory therapy. 

It is essential for personnel  having responsibility for res- 
piratory therapy to establish and enforce appropr ia te  pro-  
grams to fulfill provisions of  this chapter.  

It is the responsibility of the administrative and profes- 
sional staff of  a hospi ta l ,  o r  safety d i rec to r  if one is 
appointed,  to adopt  and enforce appropr ia te  regulations 
for a hospital. In other  health care facilities, responsibility 
might be assigned to a safety director or other  responsible 
person, who is, in turn,  responsible to the administration. 

In  institutions having a respiratory therapy service, it is 
r ecommended  that this service be directly responsible for 
the administrat ion of  this chapter.  

Hazards can be mitigated only when there is continual 
recognition and unders tanding.  

A-8-5.1.2.1(b) Pin-Index Safety System. The Pin-Index 
Safety System consists of  a combination of  two pins project- 
ing from the yoke assembly of the appara tus  and so posi- 
t ioned as to fit into matching holes dri l led into the cylinder 
valves. It is in tended to provide against the possibility of 
error in attaching the flush-type valves, with which gas cyl- 
inders and other  sources of gas supply are equipped,  to gas 
apparatus  having yoke connections. 

A-8-5.1.2.1(d) Fabrication specifications are contained in 
CGA Pamphlet  V-1 (ANSI B57.1), Compressed Gas Cylinder 
Valve Outlet and Inlet Connections. Connect ion No. 860 
shown in that document  illustrates the system. Connection 
Nos. 870 (Oxygen, Medical), 880 (Oxygen-Carbon Dioxide 
Mixture), 890 (Oxygen-Helium Mixture), 900 (Ethylene), 
910 (Nitrous Oxide), 920 (Cyclopropane),  930 (Helium), 
and 940 (Carbon Dioxide) are for specific medical gases 
and gas mixtures and utilize the basic dimensions of  Con- 
nection 860. 

A-8-6.4.2 Signs. Precautionary signs should be at least 8 
in. x 11 in. (21cm x 28cm)  insize.  

A-9-2.1.9.1(a) Signal Transmission. This can be accom- 
plished by using a signal transmission system that is iso- 
la ted from g r o u n d  or  p resen ts  a high i m p e d a n c e  to 
ground;  that employs a common signal grounding  wire 
be tween  app l i ances  se rved  f rom the same r e f e r ence  
grounding  point; that employs an addit ional  g rounding  
path between the common signal g rounding  wire and ref- 
erence grounding  point  in the patient vicinity; or by other  
means in tended  to reduce  potent ial  differences in the 
patient care vicinity due to grounding  currents  to a safe 
level. 

A-9-2.1.9.2(b)4 Elect rosurgery.  Electrosurgical unit out- 
pu t  circuits  a re  c o m m o n l y  de s igna t ed  as isola ted or  
ground-referenced on the basis of their  isolation at their 
operat ing (RF) frequency. No assumption about isolation at 
60 Hz should be made unless the device is specifically 
labeled as having an "isolated patient circuit (60 Hz)," in 

2 Ibid. 

which case the device is to conform to the requirements  of 
9-2.1.13.5(c), Isolation Test. 

A-9-2,1.13.3 Leakage Current Tests, 

These currents usually derive from the line power by 
resistive paths, or capacitive or inductive coupling. How- 
ever, they also include currents from other sources gener- 
ated within the appliance and are measured by the tests 
described in this chapter .  

These leakage current  limits are based on acute events, 
e.g., sensation, durat ion tetany, or  ventricular fibrillation. 
Appliance design should aim to reduce such current  as 
much as possible. In proper ly  g rounded  appliances, maxi- 
mum chassis leakage current  is in the grounding conduc- 
tor and not through the patient. 

These tests are not known to be adequate  where cur- 
rents (such as dc or high frequency) are introduced into 
the patient  for long periods and where low-level effects 
must be considered. (See also A-7-5.1.3.3.) 

A-9-2.1.13.4(e) Chassis Leakage Current Limits. The  
chassis leakage current  limits given in 9-2.1.13.4(c) and in 
other  sections, combined with the g rounding  wire require- 
ments, are based on a concept of  two layers of  protection. 
Either the limited leakage current  or an intact g rounding  
system will provide protection. However, it is becoming 
generally agreed that, not only with medical equipment  
but  also with conventional appliances, there should be two 
levels of  protection. This means that both safeguards must 
fail before the subject is at hazard. 

For general  application (household appliances) the leak- 
age current  limit is generally set at 500 microamperes  at 60 
Hz. The  limit of 500 microamperes  is based on the work of  
Dalziel and others which indicates that different individu- 
als in the general  populat ion will exhibit responses to elec- 
trical shock at differing levels. A small percentage,  perhaps  
5 percent,  will react to a current  level of  500 microamperes  
with an involuntary movement  that could tr igger a second- 
ary accident. Some individuals are sensitive to an electric 
shock sensation as low as 100 microamperes.  A reasonable 
compromise seems to be to set the limit at 500 for the gen- 
eral public. It should be noted that in 7-5.2.2.1, this is the 
limit for household-type appliances. 

References: 
Dalziel, C. F., and Lee, W. R., Reevaluation of lethal, 

electric currents effects of  electricity on man. Transactions 
on Industry and General Applications. Vol. IGA-4, No. 5, 
September/October  1968. 

Roy, O. A., Park, G. R., and Scott, J. R., Intracardiac 
catheter  fibrillation thresholds as a function of durat ion of  
60 Hz current  and electrode area. IEEE Trans. Biomed. Eng. 
BME 24:430-435, 1977. 

Roy, O. A., and Scott, J. R., 60 Hz ventricular fibrillation 
and pump failure thresholds versus electrode area. 1EEE 
Trans. Biomed. Eng. BME 23:45-48, 1976. 

Watson, A. B., Wright,  J. S., and Loughman,  J., Electri- 
cal thresholds for ventricular fibrillation in man. Med. J. 
Australia 1:1179-1181, 1973. 

Weinberg,  D. I., et al., Electric shock hazards in cardiac 
catheterization. Elec. Eng. 82:30-35, 1963. 

For equipment  in the patient care vicinity it seems rea- 
l sonable to reduce this limit to 300 microamperes,  because 

of the special circumstances involved in hospitals. Some of  
these factors are: 
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(a) Some patients might be wet or have some other  low- 
impedance connection to the ground.  For this reason the 
assumption usually made for the general  public that they 
are moderately insulated from ground is not valid. 

(b) Patients are sick, tend to be unresponsive, tend to be 
obtunded,  and might not be able to perform the evasive 
maneuvers  that an alert adult  would perform when expe- 
riencing an electrical shock. 

(c) The  nature of  the patient 's illness might exacerbate 
the response to electric shock. 

(d) Hospital patients are increasingly in close proximity 
to more and more electrical equipment.  

(e) Hospi ta l  equ ipmen t  is subject  to indus t r ia l - type  
abuse. It is handled  roughly, is sometimes wet, and some- 
times not proper ly  maintained. All of this increases the 
probabil i ty of deter iorat ion and consequent  increase in 
leakage. 

(0 The  economics of the problem has been considered. 
The  medical  appl iance  indust ry  has r e sponded  to the 

I requirement  for 300 microamperes  maximum leakage by 
designing equipment  within that limit. It has been shown 
to be feasible and not unduly uneconomical. In the few 
cases where, for technical reasons, it is impractical to reach 
these limits, other  solutions are available. 

I It should be emphasized that the reduced leakage cur- 
rent  limit is not based on clear technical evidence but  rep- 
resents  cons idered  opinion.  Therefore ,  if a par t icu la r  
appl iance  has a leakage cu r ren t  somewhat  above 300 
microamperes ,  it is not implied that  it is dangerous ly  
unsafe. It does indicate that such an appliance should be 
examined to determine  whether there is a reason for the 
higher  leakage. If  the leakage cannot be reduced it can be 
compensa ted  for by more-intensive prevent ive mainte-  
nance to ensure that the grounding conductor  is intact. 

It should be further noted that the shock hazards pro- 
duced by these current  levels apply to external contacts, 
e.g., body surface ECG lead or a skin contact with the chas- 
sis of an appliance. These current  values do not apply to 
intracardiac leads. For such leads the hazard is not startle, 
involuntary muscular  motion, or "let-go." It is frank fibril- 
lation of the heart,  and is caused at levels a factor of  1000 
below those necessary to cause fibrillation by external con- 
tacts. It is impractical to provide protection to the patient 
who has an intracardiac lead by means of the control of 
chassis leakage current ,  isolated power systems, g round  
fault in ter rupter  circuits, or other  similar external devices. 
Protection for such patients can be achieved only by the 
protection of the intracardiac lead. This is discussed in 
9-2.1.12, Direct Electrical Pathways to the Heart. For such 
patients the limit of such leads has been placed at 10 micro- 
amperes  with the ground  intact (i.e., under  normal condi- 
tions). Again there is a safety factor involved. The  lower 
limit of hazardous currents seems to be about 100 micro- 
amperes  at 60 Hz. A safety factor of 10 has been established 
because of most of  the reasons above, and because of the 
following: 

(a) Patients with int racardiac  leads are usually ones 
whose hearts are already in jeopardy.  

(b) Such pat ients  usually have even more  electrical 
equipment  near them than does the average patient. 

(c) It has been shown to be economically quite feasible 
to maintain such leads at a limit of 10 microamperes  with 
the ground intact (i.e., under  normal conditions). 

A-10-1 Table on Us ing  NFPA Documents  for Laborato- 
ries in Health Care Facilities. The following are some 
considerations in determining which document  (NFPA 99 
or 45) should be consulted first when designing or operat-  
ing a laboratory in a health care facility (i.e., those labora- 
tories under  the jurisdict ion of a health care facility as 
defined in Chapter  2 of NFPA 99). In addition, the follow- 
ing paragraphs  should be reviewed in conjunction with this 
Table: NFPA 45-1991 (1-1.1); NFPA 99-1996 (1-1 and 
10-1); and NFPA 101-1994 (12-1.2.1 and 12-1.2.2). 

Table A-10-1 

Location of Laboratory 

Primary 
Reference 
Document 

1. Laboratory in bldg. with inpatient 99 
2. Laboratory in bldg. with outpatients 

incapable of self-preservation 99 
3. Laboratory in a bldg. with outpatients 

capable of self-preservation 45 

A-10-1.1 Befbre a hazardous chemical is ordered,  con- 
trols should be established to ensure that adequate facilities 
and procedures  are available for receiving, storing, using, 
and disposing of the material. Information sources include: 

NFPA 49, Hazardous Chemicals Data; 

NFPA 325, Guide to Fire Hazard Properties of Flammable 
Liquids, Gases, and Volatile Solids; 

NFPA 491 M, Manual of Hazardous Chemical Reactions. 

I Class IA and IB flammable liquids in glass containers 
larger than the 1-quart (0.91-L) size should be t ranspor ted 
in suitable containers of sufficient size to hold the contents 
of the glass containers. 

A-10-1.2.1 While NFPA 45 provides basic requirements  
and guidance for laboratory design, fire separation and 
sprinkler requirements are more stringent for laboratories 
in health care facilities. In addition, NFPA 99 has more 
stringent and realistic limitations of quantities of flammable 
liquids in laboratories, requires hood discharge above the 
roof, allows valves on emergency water supplies, encour- 
ages laboratory safety program activities, and recommends 
placement of flammable gas cylinders outside of the 
laboratory. 

A-10-2.1.1.3 A safety check of the health care facility lab- 
ora tory  by des ignated  labora tory  personnel  should be 
made pr ior  to leaving the facility unat tended.  

A-10-2.1.3.3 Laboratory personnel should be thoroughly 
indoctr inated in procedures  to follow in cases of clothing 
fires. The  single most impor tan t  instruct ion,  one that 
should be stressed until it becomes second nature to all 
personnel,  is to immediately drop  to the floor and roll. All 
personnel  should recognize that, in case of  ignition of 
another  person's clothing, they should immediately knock 
that person to the floor and roll that person around to 
smother the flames. Too often a person will panic if his or 
her  clothing ignites and will run, resulting in more severe, 
often fatal burn injuries. 

It should be emphasized that safety showers or fire blan- 
kets are of secondary importance.  They should be used 
only when immediately at hand. It should also be recog- 
nized that rolling on the floor not only smothers the fire, 
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but also helps to keep flames out of the victim's face and 
reduce inhalation of smoke. Improper  use of fire blankets 
can increase the severity of smoke and fire injuries if the 
blanket funnels smoke towards the face or if the blanket is 
not removed after the flames have been extinguished. 

A-10-3.1 The types of construction are defined in NFPA 
220, Standard on Types of Building Construction. Also, for a 
discussion of fire-resistive construction and fire resistance 
of building materials and construction assemblies, see the 
NFPA Fire Protection Handbook. For information on the fire 
resistance, installation, and maintenance of fire doors, see 
NFPA 80, Standard for Fire Doors and Fire Windows. 

A-10-3.1.1 NFPA 45 provides basic requirements  and 
guidance for laboratory design, but fire separation and 
sprinkler requirements are more stringent for laboratories 
in health care facilities. In  addition, NFPA 99 requires 
hood discharge above the roof, allows valves on emergency 
water supplies, and has other specific requirements based 
on the unique nature of facilities for care of patients who 
might be incapable of self-preservation. 

A-10-3.2.1 A door to an adjoining laboratory work area is 
considered to be a second access to an exit. 

A-10-3.4 Subsection 5-4.3 gives ventilation requirements 
that are specific for laboratories in health care facilities and 
are in addition to the basic laboratory ventilation require- 
ments contained in Chapter 6 of NFPA 45. 

A-10-4.2.2 One method of safeguarding unat tended pro- 
cesses is to place the equipment  in a pan large enough to 
contain any spilled materials, preferably within a fume 
hood protected by some form of automatic fire extinguish- 
ment or detection. 

A-10-5 Fire Protection. Examination of laboratory fire 
records demonstrates the extra vulnerability of premises 
with substantial amounts of combustible contents. The use 
of noncombustible shelving, benches, and furniture will 
reduce production of smoke and damage to facilities, with 
substantial savings where expensive laboratory equipment  
is present, even in sprinklered areas. 

Self-contained breathing apparatus should be consid- 
ered for equipping personnel  for rescue operations in 
areas with special fire hazards. Tra in ing is required for 
effective use of such equipment. It is desirable to coordi- 
nate equipment  and training with local fire depar tment  
personnel. 

A-10-5.1 The hazard level of a laboratory is considered 
severe if quantities of flammable, combustible, or hazard- 
ous materials are present that are capable of sustaining a 
fire condition of sufficient magnitude to breach a 1-hour 
fire separation. 

To determine the combustible content or heat potential 
of flammable or combustible materials capable of breach- 
ing or penetra t ing a 1-hour-rated fire separation, one 
method is included in the 14th edition of the NFPA Fire 
Protection Handbook, where formulas and tables for calculat- 
ing the equivalence of time versus fire severity are given. 
Specific reference is made to Section 6, Chapter 8, Con- 
finement of Fire and Smoke in Buildings, and Table 6-8A. 
Heat of combustion (Btu/lb) for materials common to labo- 
ratories can be found in Section 3, Chapter 11, Fire Haz- 
ard of Materials --  Tables and Charts, of the handbook. 
Specific reference is made to Table 3-11B, Table 3-11G, 
Table 3-11H, and Table 3-11L. 

NOTE 1: The weights of combustible contents in Table 
6-8A are those of ordinary combustible materials taken at 
8000 Btu/lb. For converting other than ordinary combusti- 
bles to pounds per square foot (psi), divide the total Btu 
value by 8000/Btu/lb. 

NOTE 2: In the 17th edition of the NFPA Fire Protection 
Handbook, see Section 6, Chapter 6, Table 6-6A; and Appen- 
dix A, respectively. 

The above, it should be noted, is only one of several meth- 
ods for calculating the hazard level of a laboratory with 
regard to combustibles breaching a 1-hour fire separation. 

The following chart can be used as a guide in making 
the above determination: 

Hazard 
Wall Rating Not Severe Severe 

Less than Automatic fire extin- Not allowed 
l-Hour guishing system 

required 

1-Hour No automatic fire extin- Automatic fire extin- 
guishing system guishing system 
required required 

2-Hour No automatic fire extin- No automatic fire extin- 
guishing system guishing system 
required required 

A-10-6 P r o t e c t i v e  D e v i c e s .  Showers should be con- 
trolled by a nonautomatic shutoff device. Although a self- 
closing shower valve (favored by most designers) would 
minimize flooding of the building if, for example, mali- 
ciously activated, it does not afford maximum help to the 
injured user. Since a person would have to use one hand 
to keep the valve open, efforts to remove clothing or wipe 
away offending materials would be greatly hampered. 

Although emergency showers are rarely used, their use 
when necessary can mean the difference between superfi- 
cial burns  and serious disfigurement, or loss of life. In 
some cases where such showers have not been activated for 
long periods, they have been found inoperative. It is essen- 
tial that emergency showers be provided and tested from 
time to time to determine that their valves are in good 
operating condition. Advance planning needs to be made 
to handle the water that will flow in a test. 

Floor drains in areas of hospitals and other health care 
facilities are likely to dry out if the floors are not wet-mopped 
regularly, and dry traps can permit passage of gases, vapors, 
odors, and vermin. Since a floor drain will be of great value 
if a safety shower is used and several hundred gallons of 
water are released, it is recommended that floor drains be 
filled with water regularly, or in new construction that some 
plumbing be provided to fill the traps manually, automati- 
cally, or incidentally by plumbing design. 

Another consideration is to be sure that all holes in floor 
slabs that have not been sealed around pipes to prevent the 
passage of smoke be so sealed, and in a manner  that will 
prevent water from flowing to lower floors from the dis- 
charge of an emergency shower or sprinkler head. 

Wall-mounted portable eye wash stations do not contain 
an adequate supply of water for the 15-minute flushing 
recommended by chemical manufacturers. 

A-10-7.2 F l ammab le  Liquids .  Plastic conta iners  are 
sometimes used to avoid breakage problems posed by glass 
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containers or contamination problems with metal contain- 
ers. Plastic containers need to be chosen with part icular  
attention to their compatibility with the liquid to be con- 
tained. For example,  polyethylene containers are generally 
u n s u i t a b l e  fo r  a l d e h y d e s ,  k e t o n e s ,  e s t e r s ,  h i g h e r  
molecular-weight alcohols, benzene, toluene, various oils, 
silicone fluids, and halogenated hydrocarbons.  In addit ion 
to labeling containers for identification of contents, it is 
important  to label plastic containers for identification of 
their constituent materials to avoid misuse. 

In some cases, listed or labeled stainless steel or tin-lined 
safety containers offer a solution to contamination problems. 

A-10-7.2.1t Table A-t0-7.2.1 is a port ion of  Table 4-2.3 
in NFPA 30, Flammable and Combustible Liquids Code. NFPA 
45 provides more specific guidance for use of flammable 
and combustible liquids in laboratories, in addit ion to basic 
requirements  set forth in NFPA 30. 

Table A-10-7.2.1 M a x i m u m  Al lowable  Size o f  Containers  and 
Portable Tanks  

Combustible 
Flammable Liquids Liquids 

Class Class Class Class Class 
Container Type 1A 1B IC II lI! 

Glass 1 pt 1 qt 1 gal 1 gal 5 gal 
Metal (other 

than DOT 
drums) or 
approved 
plastic 1 gal 5 gal 5 gal 5 gal 5 gal 

Safety cans 2 gal 5 gal 5 gal 5 gal 5 gal 

For SI Units: 1 pt = 0.49 L; 1 qt = 0.95 L; 1 gal = 3.8 L. 

A-10-7.2.2 The  goal is to keep the fuel load to a limit that 
is as low as is practicable. In no case should excessive 
amounts be stored. Constant effort needs to be exerted to 
prevent  the overstocking of hazardous chemicals. The lab- 
oratory manager  can help keep stocks at a safe level by 
encourag ing  small and  more  f requent  requisit ions,  by 
developing a reliable stock inventory system, by assuring 
convenient and p rompt  deliveries from the central stock 
room, by selecting brands that are the most popular  and 
n o t  necessarily the cheapest, and by discouraging (except 
perhaps for large-scale research-type projects) the practice 
of purchasing the largest containers, including bulk sup- 
plies in 55-gal (208.2-L) drums. 

A-10-7.2.5 Walk-in Thermal-Controlled Boxes. Procedures 
likely to result in toxic or flammable atmospheres should be 
discouraged within "walk-in" refrigerators or other types of 
temperature-controlled boxes. A warning sign such as the 
one indicated here should be posted on every box. 

DANGER 
NOT EXPLOSIONPROOF 

NOT VENTILATED 
GROUND ALL ELECTRICAL 

EQUIPMENT 
DO NOT STORE DRY ICE 

DO NOT SMOKE 

New boxes should include at least the following features: 
a latch that can be released by a person inside the box 

when the door  is locked from the outside; latch and door  
frames designed to allow actuation under  all conditions of 
freezing; a floor with a nonconductive surface; neoprene  
matting to insulate up to 10,000 V; a view-window in the 
door; an independent ly  circuited h igh- tempera ture  ther- 
mostat and alarm (for warm boxes); vaporproof  duplex 
electrical receptacles; an alarm that can be heard through- 
out the occupied work area and an alarm button at the 
inside door  frame that will keep operat ing after actuation; 
conduits sealed (in cold boxes) in a manner  to prevent  
accumulation of water vapor such as in the globe protec- 
tors of the light fixtures; and adjustable exhaust vent a n d  
air intake of at least 15 CFM for general ventilation, with 
provisions for installing a flexible hose and miniature can- 
opy in a manner  to provide local ventilation at a specific 
work site. As explosionproof  laboratory apparatus  becomes 
available, it should be substituted for less safe equipment  
used in enclosed thermal-control  boxes. 

Non-Walk-in Refrigerators. The use of  domestic refriger- 
ators for the storage of typical laboratory solvents presents 
a significant hazard to the laboratory work area. Refriger- 
ator temperatures  are almost universally higher  than the 
flash points of the flammable liquids most often stored in 
them. In add i t ion  to vapor  accumulat ion,  a domest ic  
re f r igera tor  contains readily available ignition sources, 
such as thermostats,  light switches, and heater strips, all 
within or exposing the refrigerated storage compartment .  
Fur thermore ,  the compressor and its circuits are typically 
located at the bottom of the unit, where vapors from flam- 
mable liquid spills or leaks can easily accumulate. 

Explosionproof refrigeration equipment  is designed to 
protect  against ignition of flammable vapors both inside 
and outside the refrigerated storage compartment .  This 
type is intended and recommended for environments such 
as pilot plants or laboratory work areas where all electrical 
equipment  is required to be explosionproof.  

The design concepts of the flammable material storage 
refrigerators are based on the typical laboratory environ- 
ment. The primary intent is to eliminate ignition of vapors 
inside the storage compar tment  from sources also within 
the compartment .  In addition, flammable material storage 
refrigerators incorporate such design features as thresh- 
olds, self-closing latch doors, friction latches or magnetic 
door  gaskets, and special methods for the inner shell. All of 
these features are in tended to control or limit the loss 
potential should an exothermic reaction occur within the 
storage compartment .  Finally, the compressor and its cir- 
cuits and controls are often located at the top of the unit to 
fur ther  reduce the potential  for ignit ion of  floor-level 
vapors. In general,  the design features of a commercially 
available flammable material storage refr igerator  are such 
that they provide several safeguards not available through 
modification of  domestic models. 

Every laboratory refrigerator should be clearly labeled 
to indicate whether or not it is acceptable for storage of 
f lammable  mater ia ls .  I n t e rna l  l a b o r a t o r y  p r o c e d u r e s  
should ensure that laboratory refrigerators are being prop-  
erly used. The  following are examples of labels that can be 
used on laboratory refrigerators: 

DO NOT STORE FLAMMABLE SOLVENTS 
in this refrigerator 
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NOTICE 
This is not an "explosionproof" refrigerator,  but 

it has been designed to permit  storage of  materials 
producing flammable vapors. Containers should be 

well s toppered or tightly closed. 

A-10-7.5 Disposal  of  Hazardous Materials. Because dis- 
posal techniques for various hazardous materials produced 
in hospital research involve complicated problems, they 
cannot  be adequate ly  discussed herein.  Such materials  
include: the toxic product  of mixing sodium cyanide and 
acids in the dra in  system; nuisance or a larming odors such 
as produced by mercaptans or lutidine; violently water- 
reactive solids or liquids like phosphoric  anhydr ide  and 
thionyl  chlor ide;  potent ia l  explosives like picric acid; 
s t rong oxidizers  like perchlor ic  acid; and radioact ive,  
pathogenic, corrosive, or potentially harmful  wastes, such 
as television picture tubes, syringes, and aerosol cans. 

Many chemicals can be disposed of at the bench through 
the in.g.enuity of  the chemist, such as the reacting of small 
quantlues of potassium with tertiary butyl alcohol. 

Flammable  and combustible liquids that are miscible 
with water in all propor t ions  may be flushed down a drain 
within a laboratory room in quantities not exceeding 1 pint 
(0.45 L), thoroughly mixed with at least 3 gal (11.4 L) of  
cold water. This precaut ion  for minimizing f lammable 
vapor  concentra t ions  in bui ld ing  dra ins  might  not be 
acceptable to pollution-control authorities. 

Vaporization should not be used for rout ine disposal of 
liquids. 

Drain lines and traps fi'om laboratory benches, safety 
showers, hood floors, mechanical equipment  rooms, stor- 
age rooms, etc. should have water added  at regular  inter- 
vals to assure that traps will not be the source of  flammable 
or  toxic vapor release. Where self-priming traps are pro- 
vided, an annual inspection for p rope r  operat ion should 
be made. Addition of  mineral  oil or similar liquids is some- 
times used to reduce evaporat ion of water from traps. 

A-10-8 Maintenance and Inspect ion.  Comprehens ive  
discussions of the goals and procedures  to provide safe 
working conditions in clinical laboratories are available 
from the National Committee for Clinical Laboratory Stan- 
dards.  (See Appendix B-1.2.6.) 

A-10-8.1.3 Regulations should be adop ted  for rout ine  
housekeeping and laboratory cleanup practices. 

The  labora tory  safety officer should  make per iod ic  
inspections of  the laboratory premises to determine  that 
electric cords in use are of adequate conductor  size with 
safe insula t ion  and  tha t  c i rcui ts  a re  not  o v e r l o a d e d  
through the use of multiple taps. 

Several good laboratory safety checklists are available, 
such as the one developed by the College of  American 
Pathologists Inspect ion and Accreditat ion Program (see 
Appendix B). The laboratory safety officer might wish to 
augment  or modify one of these for his or  her own facility. 

IA-10-8.1.5 Information sources for safe handling, stor- 
age, and emergency response to spills or fires in hazardous 
materials include NFPA 49, Hazardous Chemicals Data. 

A-10-8.2.1 The identification system of NFPA 704, Standard 
System for the Identification of the Fire Hazards of Materials, is 
encouraged to be used on doors of approved flammable liq- 
uid storage cabinetry and on doors of refrigerators. 

A-11-4.1 Author i ty  Hav ing  Jur i sd ic t ion .  In t ime of  
disaster all persons are subject to certain constraints or  
authorities not present  dur ing  normal circumstances. All 
disaster plans written by a health care facility should be 
reviewed and coordinated with such authorities so as to 
prevent  confusion. Such authorities include, but are not 
l imited to, civil authori t ies  (such as a fire depar tment ,  
police depar tment ,  public health depar tment ,  or  emer-  
gency medical service councils), and civil defense or  mili- 
tary authorities. 

Fur ther ,  an authori ty having jur isdict ion can impose 
upon the senior management  of  the facility the responsibil- 
ity for part icipating in a community disaster plan. 

A-11-4.3 Disaster P lanning  Committee.  The  Inc ident  
Command System (ICS) is a system having an identified 
chain of  command that adapts to any emergency event. 
ICS establishes common terminology and training for inci- 
den t  management .  This  allows emergency  re sponders  
from hospitals and all involved organizations to respond to 
an incident and be familiar with the management  concepts 
and terminology of  other  responders.  It also facilitates the 
request and processing of mutual  aid requests. 

A widely accepted structure of  an ICS is as follows: 

Health Care Model 
Emergency Organization 

Policy group I 

I 
I Incident commander t . . . . . . . . . . . . . . . . . . . . .  

I I 
Loo,s,,cs II P' nn'no chief chief 

I I 

Public information officer I 

I Liaison officer I 

Safety & security officer [ 
I I 

Finance Iloperationsl...] Medical 
chief chief staff off cur 

I I 

Functi°nal I I Functi°nal I leaders unit leaders unit 

Figure A-It-4.3 Health care model emergency organization. 

A policy group consists of senior managers constituted to 
provide decisions related to items or incident decisions not 
in the disaster plan. 

The command staff consists of  the incident commander  
and suppor t  staff. This suppor t  staff is the public informa- 
tion officer, liaison officer, and safety officer. 

In addit ion to the command staff, there are four sec- 
tions, each with a section chief responding directly to the 
incident commander :  plans section, logistics section, oper-  
ations section, and finance section. 

Due to the nature of a health care facility, one deviation 
from the traditional ICS is made to show a line of medical 
control. Note the advisory position of  the "medical staff 
officer." 

A-11-5.1 H a z a r d  iden t i f i ca t ion  and  risk assessment  
should de termine  whether the following types of hazards 
are applicable: 
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(a) Natural  disasters 
(b) Technological/industrial  disasters 
(c) Civil/political disasters. 

A-11-5.3.1 Identification of Disaster Personnel. Where 
feasible, photo identifications or other  means to assure pos- 
itive identification should be used. 

Visitor and crowd control create the problem of distin- 
guishing staff from visitors. Such identification should be 
issued to all facility personnel,  including volunteer person- 
nel who might be utilized in disaster functions. 

NOTE: Care must be taken to assure that identification 
cards are recalled whenever personnel terminate associa- 
tion with the health care facility. 

Members of  the news media should be asked to wear 
some means of identification, such as the press card, on 
their outside garments so that they are readily identifiable 
by security guards controlling access to the facility or cer- 
tain areas therein. Clergy also will frequently accompany 
casualties or arrive later for visitations and require some 
means of identification. 

A-11-5.3.2 Continuity of  Essential Building Systems. 
For essential bui lding systems, considerat ion should be 
given to the installation of exterior  building connectors to 
allow for the a t tachment  of  por table  emergency utility 
modules. 

Water  storage systems should be inventoried and pro- 
tected to the greatest extent  possible. 

A-11-5.3.3 Staff Management. Management  of  staff and 
employees allows for the best and most effective use of  the 
entity's human resources dur ing disaster operations.  Con- 
sideration should be given to both personnel  on-hand and 
those that can be alerted. Specifically, staff management  
includes: 

(a) Assignment of  roles and responsibilities, 
(b) Method for identifying human  resource needs to 

include status of  families, 
(c) Method for recall ing personnel  and  augmen t ing  

staff, 
(d) Management  of space (housing, day care, etc.), 
(e) Management  of staff transportat ion,  
(0 Critical incident stress debriefing. (Much case history 

shows tha t  no t  on ly  vic t ims hu t  also r e s c u e r s  and  
t rea tment /handler  staff bear  serious emotional  or even 
mental scars from their  traumatic experiences. Emergency 
room and ambulance staff can also benefit from such help 
when stress has been acute.) 

A-11-5.3.4 Patient Management. The plans should focus 
also on modification or  discontinuation of  nonessential  
pa t i en t  services,  con t ro l  of  pa t i en t  in fo rmat ion ,  and  
admission/discharge and transfer of  patients. Emergency 
transfer plans need to consider the p rope r  handling of  
patient personal proper ty  and medical records that will 
accompany the patient as well as assurance of continuity of 
qual i ty  care.  Eva lua t ion  o f  space ,  pa t i en t  t r a n s p o r t  
resources, and a process to ensure patient location infor- 
mation should be included. 

A-11-5.3.5 Logistics.  It will be essential to assess these 
kinds of  resources current ly available within the health 
care facility itself, and within the local community as a 
whole. Community sources identification can be effectively 

performed by the local disaster council, through the coop- 
e ra t ion  of  local hospi ta l s  ind iv idua l ly  or  col lect ively 
through local hospital associations, nursing homes, clinics, 
and other  outpat ient  facilities, retail pharmacies,  wholesale 
d rug  suppliers,  ambulance  services, and local medical/  
surgical suppliers and their warehouses. 

Knowing the location and amoun t  of  in-house and 
locally available medical and other  supply sources, a given 
health care facility might  then desire to stockpile such 
add i t iona l  cri t ical  mater ia l  and  suppl ies  as might  be 
needed to effectively cope with the disaster situation. 

A-11-5.3.6 Security and Traffic Control .  Faci l i t ies  
should formally coordinate their security needs dur ing  a 
disaster with local law enforcement agencies. This action 
might be necessary as a means to supplement  the facility 
security capabilities, or  to provide all security needs when 
the facility lacks its own internal security forces. 

The health care institution will find it necessary to share 
its disaster plans with local law enforcement agencies, or 
better  still involve them in the process of planning for secu- 
rity suppor t  dur ing  disasters. The information should at 
least include availability of  parking for staff, patients, and 
visitors,  no rma l  vehicular ,  emergency  vehicular ,  and  
pedestr ian traffic flow patterns in and a round  the facility. 
The  extent  of the security and traffic control problems for 
any given health care facility will depend  upon its geo- 
graphical location, physical ar rangement ,  availability of vis- 
itor parking areas, number  of entrances, etc. 

(1) Crowd Control. Visitors can be expected to increase 
in number  with the severity of the disaster. They should 
not he allowed to disrupt  the disaster functioning of the 
facility. Ideally, a visitor's reception center should be estab- 
lished away from the main facility itself, particularly in 
major disasters. Volunteer personnel  such as Red Cross, 
Explorer  Scouts, or other  helpers can be utilized as liaisons 
between the visitors and the health care facility itself. Nor- 
mal visiting hours on nursing units should be suspended 
where possible. 

(2) Vehicular Traffic Control. Arrangement  for vehicular 
traffic control into and on the facility premises should be 
made in the disaster planning period. It will be necessary 
to direct ambulances and other emergency vehicles carry- 
ing casualties to t r iage areas or  the emergency  room 
entrance, and to direct incoming and outgoing vehicles 
carrying people,  supplies,  and equipment .  Traffic-flow 
charts indicating entrances to be used, evacuation routes to 
be followed, etc., should be prepared  and included in the 
Health Care Disaster Plan. Parking arrangements  must not 
be overlooked. 

(3) Internal Security and Traffic Control. Internal  security 
and traffic control are best conducted by facility trained 
personnel,  i.e., regular  health care facility security forces, 
with re inforcements  as necessary. Addit ional  assistance 
from the local law enforcement agencies should be coordi- 
nated in the disaster planning phase. Upon activation of 
the Health Care Disaster Plan, security guards should be 
stationed at all unlocked entrances and exits, as necessary. 
Entrance to the facility should be restricted to personnel 
bearing staff identification cards and to casualties. In the 
case of major access corridors between key areas of  the 
facility, pedestr ian traffic should be restricted to one side of 
the corr idor ,  keeping one side of the corr idor  free for 
movement of casualties. Traffic flow charts for internal 

1996 Edition 



99-144 HEALTH CARE FACILITIES 

traffic should also be p repared  in the planning phase, as is 
the case with external  traffic control. 

A-11-5.3.7 News Media.  Because of  the intense public 
interest in disaster casualties, news media representatives 
must be given as much consideration as the situation will 
permit.  Ideally, news media personnel  should be provided 
with a reception area, with access to telephone communi-  
cation and, if possible, an expedi ter  who, though not per- 
mitted to act as spokesman for news releases, could pro- 
vide o ther  assistance to these individuals.  News media  
personnel  should not be allowed into the health care facil- 
ity without p rope r  identification. To alert  off-duty health 
care staff and for reassuring the public, use of  broadcast  
media should be planned.  Media representatives should 
have access to te lephone communications. Media represen- 
tatives should be requested to wear some means of  identi- 
fication for security purposes.  

A-11-5.3.9 Dril ls .  Experiences show the importance of  
drills to rehearse the implementat ion of  all elements of  a 
specific response including the entity's role in the commu- 
mty, space management ,  staff management ,  and patient 
management  acuwues. 

A-11-5.3.10 Operational Recovery. Recovery measures 
might involve a simple reposit ioning of  staff, equipment ,  
supplies,  and  informat ion  services; or  recovery might  
demand  extensive cleanup and repair .  It can, under  cer- 
tain circumstances,  present  an oppor tun i ty  to evaluate 
long-range ideas concerning modifications to the facility. 
Filing of loss claims might require special approaches.  

Finance. Health care facilities should have access to 
cash or negotiable instruments  to procure  immediate ly  
needed supplies. 

A-11-5.3.11 Telecommunication Systems. The  basic 
form of communicat ion in a disaster is the telephone sys- 
tem. As part  of the contingency plan to maintain commu- 
nication, a plan for restoring telephone systems or  the use 
of al ternate systems is necessary. Typically, the first line of  
in terna l  defense for a system outage  are  s t rategical ly 
placed power-failure telephones that are designed to con- 
tinue to function in the event of system failure. Plans for 
external  outages and load control should include the use of 
pay phones that have first priori ty status in external  system 
restoration. 

Contingency plans should also contain strategies for the 
use of  radio-f requency communicat ions  to supp lement  
land-line usage. The  plan should include a means to dis- 
tribute and use two-way radio communicat ion throughout  
the facility. A plan for the incorporat ion and use of  ama- 
teur radio operators  should also be considered• 

It must be recognized that single-channel radio commu- 
nication is less desirable than telephone system restoration 
due to the limited number  of messages that can be man- 
aged. Cellular telephones, al though useful in some disaster 
situations, should not be considered a contingency having 
high reliability due to their vulnerability to load control 
schemes of  telephone companies. 

A-I2-4.1.1.3 In de termining  whether  existing construc- 
tion or  equipment  does or  does not constitute a hazard to 
life, due consideration should be given to the record of 
inc idents  or  accidents  of  the facility in ques t ion and  
whether  equipment  used in the facility is subject to docu- 
mented preventive maintenance. Absence of  incidents and 
accidents, and the existence of  a well-documented preven- 
tive maintenance p rogram covering all electrical equip- 
ment  used in anesthetizing locations in the facility, indi- 
cates that minimal hazard to life exists. 

F o r  example ,  isolated power  systems would not  be 
required in existing anesthetizing locations in health care 
facilities meeting the above criteria. 

A-12-4.2 NFPA 45, Standard on Fire Protection for Laborato- 
ries Using Chemicals establishes basic requirements  for all 
laborator ies  using chemicals,  but  impor t an t  addi t ional  
requirements  are contained in Chapter  10 and in Chapters  
4, 5, and 7. 

A-13-4.2 NFPA 45, Standard on Fire Protection for Laborato- 
ries Using Chemicals, establishes basic requirements  for all 
laborator ies  using chemicals,  but  impor t an t  addi t ional  
requirements  are contained in Chapter  10 and in Chapters  
4, 5, and 7. 

A-14-4.1 NFPA 45, Standard on Fire Protection for Laborato- 
ries Using Chemicals, establishes basic requirements  for all 
laborator ies  using chemicals,  but  impor t an t  addi t ional  
requirements  are contained in Chapter  10 and in Chapters  
4, 5, and 7. 

A-19-2.1.1 Except ion No. 1. For guidance on minimum 
construction requirements,  depending  on occupancy clas- 
sification, see NFPA 101, Life Safety Code. 
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A p p e n d i x  B Referenced and Informatory 
Publications 

B-I The following documents or portions thereof are ref- 
erenced within this standard for informational purposes 
only and thus are not considered part of the requirements 
of this document. The edition indicated for each reference 
is the current edition as of the date of the NFPA issuance 
of this document. 

B-I.I NFPA Publications. National Fire Protection Asso- 
ciation, 1 Batterymarch Park, P.O. Box 9101, Quincy, MA 
02269-9101. 

NFPA 10, Standard for Portable Fire Extinguishers, 1994 
edition. 

NFPA 30, Flammable and Combustible Liquids Code, 1993 
edition. 

NFPA 45, Standard on Fire Protection for Laboratories Using 
Chemicals, 1991 edition. 

NFPA 49, Hazardous Chemicals Data, 1994 edition. 

NFPA 50, Standard for Bulk Oxygen Systems at Consumer 
Sites, 1996 edition. 

NFPA 53, Guide on Fire Hazards in Oxygen-Enriched Atmo- 
spheres, 1994 edition. 

NFPA 54, National Fuel Gas Code, 1992 edition. 
NFPA 70, National Electrical Code, 1996 edition. 

NFPA 80, Standard for Fire Doors and Fire Windows, 1995 
edition. 

NFPA 90A, Standard for the Installation of Air Conditioning 
and Ventilating Systems, 1993 edition. 

NFPA 90B, Standard for the Installation of Warm Air Heat- 
ing and Air Conditioning Systems, 1993 edition. 

NFPA 99B, Standard for Hypobaric Facilities, 1996 edition. 

NFPA 101 ®, Life Safety Code ®, 1994 edition. 

NFPA 220, Standard on Types of Building Construction, 
1995 edition. 

NFPA 259, Standard Test Method for Potential Heat of 
Building Materials, 1993 edition. 

NFPA 325, Guide to Fire Hazard Properties of Flammable 
Liquids, Gases, and Volatile Solids, 1994 edition. 

NFPA 491M, Manual of Hazardous Chemical Reactions, 
1991 edition. 

NFPA 704, Standard System for the Identification of the Fire 
Hazards of Materials, 1990 edition. 

NFPA 780, Standard for the Installation of Lightning Protec- 
tion Systems, 1995 edition. 

NFPA 801, Recommended Fire Protection Practice for Facili- 
ties Handling Radioactive Materials, 1991 edition. 

NFPA Fire Protection Handbook, 17th edition, 1991. 

B-I.2 Other Publications. The following publications 
are available from the addresses listed. 

B-I.2.1 AATCC Publication. American Association of 
Textile Chemists and Colorists, P.O. Box 886, Durham, 
NC 27701. 

AATCC Test Method 76-1989, Determination of the Electri- 
cal Resistivity of Fabrics, included m 1962 Technical Manual 
(ANSI/AATCC 76). 

B-1.2.2 ASHRAE Publications. American Society of 
Heating, Refrigeration and Air Conditioning Engineers, 
Inc., 1791 Tullie Circle, NE, Atlanta, GA 30329. 

ASHRAE Guide and Data Book (Annual). 

ASHRAE Handbook on HVAC Systems and Equipment, 1992 
(Chap 10, Steam Systems, 1992). 

ASHRAE Handbook on HVAC Applications, 1991 (Chap 7, 
Health Care Facilities, 1995). 

B-1.2.3 ASME Publication. American Society of Mechan- 
ical Engineers, United Engineering Center, 345 E. 47th 
Street, New York, NY 10017. 

ASME Boiler and Pressure Vessel Code, Section IX, Welding 
and Brazing Qualifications, 1995. 

B-1.2.4 ASTM Publications. American Society for Test- 
ing and Materials, 1916 Race Street, Philadelphia, PA 
19103. 

ASTM D 56-1993, Test Method for Flash Point by Tag Closed 
Tester (ANSI). 

ASTM D 93-1994, Test Methods for Flash Point by Pensky- 
Martens Closed Tester (ANSI). 

ASTM D 2240-1991, Test Method for Rubber Property - -  
Durometer Hardness. 

ASTM G 63-1992, Guide for Evaluating Nonmetallic Materi- 
als for Oxygen Service. 

ASTM G 88-90, Guide for Designing Systems for Oxygen Ser- 
vice. 

ASTM G 93-88, Practice for Cleaning Methods for Material 
and Equipment Used in Oxygen-Enriched Environments. 

ASTM G 94-1992, Guide for Evaluating Metals for Oxygen 
Service. 

B-1,2.5 CGA Publications, Compressed Gas Association, 
Inc., 1725 Jefferson Davis Highway, Arlington, VA 22202. 

CGA Pamphlet G-8.1-1990, Standard for the Installation of 
Nitrous Oxide Systems at Consumer Sites. 

CGA Pamphlet P- 1-1991, Safe Handling of Compressed Gases 

CGA Pamphlet P-2-1989, Characteristics of Safe Handling of 
Medical Gases 

CGA Pamphlet V-1-1994, Compressed Gas Cylinder Valve 
Outlet and Inlet Connections (ANSI B57.1) 

B-1.2.6 JCAHO Publication. Joint Commission on the 
Accreditation of Healthcare Organizations, One Renais- 
sance Blvd., Oakbrook Terrace, IL. 60181. 

Accreditation Manual for Hospitals, 1995. 

B-1.2.7 NCCLS Publication. National Committee for 
Clinical Laboratory Standards, 940 West Valley Road, Suite 
1400, Wayne, PA.19087-1898. 

GP 17-T, Guidelines for Laboratory Safety. 
GP5-A, Clinical Laboratory Waste Management. 
M29-T2, Protection of Laboratory Workers from Infectious Dis- 

ease Transmitted by Blood, Body Fluids, and Tissue. 

B-1.2.8 Ocean Systems Publication. Ocean Systems, Inc. 
Research and Development Laboratory, Tarrytown, NY 
10591. Work carried out under U.S. Office of Naval 
Research, Washington, DC, Contract No. N00014-67-A- 
0214-0013. 
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Technical Memorandum UCR1-721, Chamber Fire Safety. 

B-1.2.9 U.S. Government Publications. U.S. Govern- 
ment Printing Office, Superintendent of Documents, 
Washington, DC 20025. 

Code of Federal Regulations, Title 49. 

Federal Test Method Standard No. IO1B, Method 4046 
Code of Federal Regulations, Title 49, Parts 171 through 

190 (U.S. Dept. of Transportation, Specifications for 
Transportation of Explosives & Dangerous Articles) (In 
Canada, the regulations of the Board of Transport Com- 
missioners, Union Station, Ottawa, Canada, apply.) 

Commercial Standard 223-59, Casters, Wheels, and Glides 
for Hospital Equipment 

NRC Publication 1132, Diesel Engines for Use with Genera- 
tors to Supply Emergency and Short Term Electric Power, (Also 
available as Order No. O.P.52870 from University Micro- 
films, P.O. Box 1366, Ann Arbor, MI 48106.) 

B-1.2.10 U.S. Pharmacopia Publication. U.S. Pharma- 
copia, 12601 Twinbrook Parkway, Rockville, MD 20852. 

USP Standard for Compressed Air, Document No. XXII/ 
NFXVII. 

B-2 Published Articles on Fire Involving Respiratory 
Therapy Equipment, and Related Incidents. 

Benson, D. M., and Wecht, C. H. Conflagraton in an 
ambulance oxygen system. Journal of Trauma, vol. 15, no. 
6:536-649, 1975. 

Dillon, J. j. Cry fire! Respiratory Care, vol. 21, no. 11: 
1139-1140, 1976. 

Gjerde, G. E., and Kraemer, R. An oxygen therapy fire. 
Respiratory Care, vol. 25, no. 3:362-363, 1980. 

Walter, C. W. Fire in an oxygen-powered respirator. 
JAMA 197:44-46, 1960. 

Webre, D. E., Leon, R., and Larson, N.W. Case History; 
Fire in a nebulizer. Anes. and Analg. 52:843-848, 1973. 

B-3 Addresses of Some Other Organizations Publishing 
Standards or Guidelines. 

American Industrial Hygiene Assoc., 475 Wolf Ledges 
Parkway, Akron, OH 44311. 

American Conference of Governmental and Industrial 
Hygienists, P.O. Box 1937, Cincinnati, OH 45201. 

College of American Pathologists, 325 Waukegan Road, 
Northfield, IL 60003. 

Scientific Apparatus Makers Assoc., 1101 16th Street, 
NW, Washington, DC 20036. 

B-4 Addresses of Organizations and Agencies that Pro- 
vide Health Care Emergency Preparedness Educational 
Material (Written or Audio-Visual) (Ref.: Chapter 11). 

Publications 
National Fire Protection Association, 1 Batterymarch 

Park, P.O. Box 9101, Quincy, MA 02269-9101. 

American Health Care Association, 1200 Fifteenth Street 
NW, Washington, DC 20005. 

American Hospital Association, 840 North Lake Shore 
Drive, Chicago, IL 60611. 

American Medical Association, 535 North Dearborn 
Street, Chicago, IL 60610. 

American National Red Cross, National Headquarters, 
17th & D Streets, NW, Washington, DC 20006. 

American Nurses' Association, 10 Columbus Circle, New 
York, NY 10019. 

Association of American Railroads, 1920 L Street NW, 
Washington, DC 20036. 

Charles C. Thomas Publisher, 301-327 East Lawrence 
Avenue, Springfield, 1L 60611. 

Dun-Donnelley Publishing Corp., 666 Fifth Avenue, 
New York, NY 10019. 

Federal Emergency Management Agency, Washington, 
DC 20472. 

Florida Health Care Association, P.O. Box 1459, Talla- 
hassee, FL 32302. 

Helicopter Association International, 1635 Prince Street, 
Alexandria, VA 22314-2818. 

International Association of Fire Chiefs, 4025 Fair Ridge 
Drive, Fairfax, VA 22033-2868. 

Joint Commission on Accreditation of Healthcare Orga- 
nizations (JCAHO), One Renaissance Blvd., Oakbrook Ter- 
race, IL 60181. 

Pan American Health Organization, 525 23rd Street 
NW, Washington, DC 20036 (Attn.: Editor, Disaster Pre- 
paredness in the Americas). 

University of Delaware, Disaster Research Center (Publi- 
cations), Newark, DE 19716. 

U.S. Department of Transportation (available from 
Superintendent of Documents, U.S. Govermnent Printing 
Office, Washington, DC 20402). 

Audio-visual material 
National Fire Protection Association, 1 Batterymarch 

Park, P.O. Box 9101, Quincy, MA 02269-9101. 

Abbott Laboratories, Audio/Visual Services, 565 Fifth 
Avenue, New York, NY 10017. 

Brose Productions, Inc., 10850 Riverside Drive, N. Hol- 
lywood, CA 91602. 

Federal Emergency Management Agency, Office of Pub- 
lic Affairs, Washington, DC 20472. 

Fire Prevention Through Films, Inc., P.O. Box 11, New- 
ton Highlands, MA 02161. 

General Services Administration, National Audiovisual 
Center, Reference Section, Washington, DC 20409. 

Helicopter Association International, 1635 Prince Street, 
Alexandria, VA 22314-2818. 

Pyramid, P.O. Box 1048, Santa Monica, CA 90406. 
University of Illinois Medical Center, Circle Campus, 

Chicago, IL 60612. 
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A p p e n d i x  C Addi t iona l  Explanatory  Notes  to 
Chapters  1-19 

This Appendix is not a part of the requirements of this NFPA document 
but is included for informational purposes only. 

NOTE: Sections of Appendix C identified by a dagger (t) 
include text extracted from NFPA 30, Flammable and Com- 
bustible Liquids Code, and NFPA 704, Standard System for the 
Identification of the Fire Hazards of Materials. Requests for 
interpretations or revisions of the extracted text will be 
referred to the Technical Committee on General Storage of 
Flammable Liquids and the Technical Committee on Fire 
Hazards of Materials, respectively. 

C-3 Additional Information on Chapter 3. 

Appendix  C-3 consists of the following: 

C-3.1 Typical Hospital Wiring Arrangement ;  

C-3.2 Maintenance Guide for an Essential Electrical 
System; 

C-3.3 Suggested Format  for Listing Functions to be 
served by the Essential Electrical System in a Hospital. 

C-3.1 Typical Hospital Wiring Arrangement. 

C-3.2 Maintenance Guide for an Essential Electrical 
System. 

This generalized maintenance guide is provided to assist 
administrative, supervisory, and opera t ing  personnel  in 
establishing and evaluat ing maintenance  p rograms  for 
emergency electric generat ing systems. 

Monthly: 

(1) Tes t ing  of  g e n e r a t o r  sets and  t ransfer  switches 
under  load and operat ing temperature  conditions at least 
every 30 days. A 30-minute exercise per iod is an absolute 

minimum, or the engine manufacturer 's  recommendat ions  
should be followed. 

(2) Permanently record all available instrument  read-  
ings dur ing  the monthly test. 

(3) During the monthly test, check the following system 
or systems applicable to your installation: 

Natural Gas or Liquid Petroleum Gas System: 
Operat ion of solenoids and regulators 
Condition of  all hoses and pipes 
Fuel quantity 

Gasoline Fuel System: 
Main tank fuel level 
Operat ion of system 

Diesel Fuel System: 
Main tank fuel level 
Day tank fuel level 
Operat ion of fuel supply pump and controls 

Turbine  Prime Movers: 
Follow manufac turer ' s  r e c o m m e n d e d  maintenance  

procedure  

Engine Cooling System: 
Coolant level 
Rust inhibitor in coolant 
Antifreeze in coolant (if applicable) 
Adequate cooling water to heat exchangers 
Adequate fresh air to engine and radiators 
Condit ion of fan and al ternator belts 
Squeeze and check condition of hoses and connections 
Functioning of coolant heater  (if installed) 

Engine Lubricating System: 
Lubricating oil level 
Crankcase breather  not restricted 

Full capacity normal power sources 

Normally open 
secondary tie . 

overcurrent device 
_ L  automatic throwover J _  

Main OCD N recommended N Main OCD / 

&< ,;+ 
General | I General 
power / / power 
and / | and 

lighting / | l ighting I ~  

_ s  
Transformer 

Q d- o -  & o >, Generator 
~ o -  = -o o =  ~ :  

[ ]  Overcurrent device with ~ , m ~  (~,E~-m ~(~ "E(~'-°-"~ 
switching mechanism (OCD) -6 o o E ~ o .9o $.~ (j.~ 

Automatic transfer switch ~ (~ o ~ (~ 
' ~  Automatic or manual Equipment _L Emergency .I 

,11 
transfer device system " r  system -I 

Alternate source generator 

r 

Separate transfer switches for each branch, as shown, are required only if dictated by load 
considerations. Smaller facilities may be served by a single transfer switch. 

Figure C-3.1 Typical hospital wiring arrangement. 
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Appearance of lubricating oil 
Correct lubricating oil available to replenish or change 
Operation of lubricating oil heater (if installed) 
Oil pressure correct 

Engine Electrical Starting System: 
Battery terminals clean and tight 
Add distilled water to maintain proper  electrolyte 

level 
Battery charging rate 
Battery trickle charging circuit operating properly 
Spare batteries charged if provided 

Engine Compressed Air Starting System: 
Air compressor operating properly 
Air compressor lubricating oil level 
Spare compressed air tanks full 
Main compressed air tanks full 
Drain water from compressed air tanks 

Engine Exhaust System: 
Condensate trap drained 
No exhaust leaks 
Exhaust not restricted 
All connections tight 

Transfer Switch: 
Inside clean and free of foreign matter 
No unusual sounds 
Terminals and connectors normal color 
Condition of all wiring insulation 
All covers tight 
Doors securely closed 

General: 
Any unusual condition of vibration, deterioration, leak- 

age, or high surface temperatures or noise 
Maintenance manuals, service log, basic service tools, 

jumpers, and supplies readily available 
Check and record the time intervals of the various incre- 

ments of the automatic start-up and shutdown sequences 

Overall cleanliness of room 

No unnecessary items in room 

(4) After the monthly test: 

Take prompt action to correct all improper conditions 
indicated during test 

Check that the standby system is set for automatic start 
and load transfer 

Quarterly: 
(1) On generator sets: 

Engine Electrical Starting System: 
Check battery electrolyte specific gravity 
Check battery cap vents 

Engine Lubricating System: 
Check lubricating oil (or have analyzed if part of an 

engineered lube oil program) 

(2) Fuel System: 

Drain water from fuel filters (if applicable) 

Drain water from day tank (if applicable) 

Check fuel gauges and drain water from main fuel tanks 

Inspect all main fuel tank vents 

Semiannually: 
(1) On generator sets: 

Engine Lubricating System: 
Change oil filter (if sufficient hours) 
Clean crankcase breather 

Fuel System: 
General inspection of all components 
Change fuel filter 
Change or clean air filter 

Governor: 
Check all linkages and ball joints 
Check oil level (if applicable) 
Observe for unusual oil leakage 

Generator: 
Check brush length and pressure 
Check appearance of slip rings and clean if necessary 
Blow out with clean, dry compressed air 

Engine Safety Controls: 
Check operation of all engine-operating alarms and 

safety shutdown devices (generator not under load during 
this check) 

Annually: 
(1) On generator sets: 

Fuel System: 
Diesel: 

Analyze fuel for condition (replace if required) 
Gasoline: 

Replace fuel 
Natural Gas or Liquefied Petroleum Gas: 

Examine all supply" tanks, fittings, and lines 

Lubricating Systems: 
Change oil 
Change oil filter 
Replace carburetor air filter 

Cooling System: 
Check condition and rod-out heat exchangers if nec- 

essary 
Change coolant on closed systems 
Clean exterior of all radiators 
Check all engine water pumps and circulating pumps 
Examine all duct work for looseness 
Clean and check motor-operated louvers 

Exhaust System: 
Check condition of mufflers, exhaust lines, supports, 

and connections 

Ignition System: 
Spark ignition engines 
Replace points and plugs 
Check ignition timing 
Check condition of all ignition leads 

Generator: 
Clean generator windings 
Check generator bearings 
Measure and record resistance readings of generator 

windings using insulation tester (megger) 
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Engine Control: 
General  cleaning 
Check appearance  of all components  
Check meters 

(2) Transfer  Switch: 

Inspect transfer switch and make repairs  or  replace- 
ments if indicated 

(3) On main switchgear and generator  switchgear: 

Operate  every circuit breaker  manually 

Visually check bus bars, bracing, and feeder connections 
for cleanliness and signs of overheating 

Every Three Years: 

(1) System Controls: 

Reevaluate the settings of the voltage sensing and time 
delay relays 

(2) Main Switchgear and Generator  Switchgear: 

Determine whether  changes to the electrical supply sys- 
tem have been made that require a revision of the main 
circuit breaker ,  fuse, or current-l imiting bus duct  coordina- 
tion. 

Calibrate and load test main circuit breakers.  Spot-check 
bus bar bolts and supports  for tightness. Obtain and record 
insulation tester readings on bus bars and circuit breakers.  
Obtain and record insulation tester readings on internal 
distribution feeders. 

Periodically: 

(1) Prime Mover Overhaul:  

Each pr ime mover should have a periodic overhaul in 
compliance with the manufacturer 's  recommendat ion or as 
conditions warrant.  

(2) Connected Load: 

Update  the record of demand  and connected load and 
check for potential  overload. 

C-3.3 Suggested Format for Listing Functions to Be 
Served by the Essential Electrical System in a Hospital. 

Explanation. It may be advantageous,  in listing the spe- 
cific functions for a given construction project or building 
review, to list them, at the outset, by geographical  location 
within the project, in o rder  to ensure comprehensive cov- 
erage. Every room or space should be reviewed for possi- 
ble inclusion of: 

(a) lighting (partial or  all), 
(b) receptacles (some or all), 
(c) permanent ly  wired electrical apparatus.  

The format suggested herein is offered as a convenient 
tool, not only for identifyifig all functions to be served and 
their respective time intervals for being reenergized by the 
alternate electric source, but  also for document ing other  
functions that were considered, discussed, and excluded as 
nonessential.  This last column is considered worthy of  
attention. It may be that the hospital engineer  or the 
reviewing authori ty will wish to keep on file a final copy of 
the list, which would be the basis for the electrical engi- 
neer's detailed engineer ing design. 

Essential Electrical Systems 

Hospital Date 

Emergency Equipment 
system system 

Room R o o m  Function Life safety Critical Delayed Delayed Non- 
no. name served* branch branch auto.** manual essential 

* Indicate precise lighting, receptacles, and/or equipment. Use a separate line for 
each function. 

** Indicate time interval. 

Although this suggested format is in tended for use by a 
hospital it may, with suitable changes, be useful for other  
health care facilities. 

C-4 Additional Information on Chapter 4. 

Appendix  C-4 consists of the following: 

C-4.1 Initial Testing of Nonflammable Medical Piped 
Gas Systems (Level 1 Systems); 

C-4.2 Retesting and Maintenance of  Nonflammable  
Medical Piped Gas Systems (Level 1 Systems); 

C-4.3 Examples, Level 1 Vacuum System Sizing; 

C-4.4 Vacuum Flow Chart  and Formulas; 

C-4.5 Metric Conversion Factors; 

C-4.6 Comments  on Derivation of Design Parameters 
for Level 1 Vacuum Systems; 

C-4.7 Oxygen Service Related Documents; 

C-4.8 AIA Recommended Number  of Station Outlets/ 
Inlets. 

C-4.1 Initial Testing of Nonflammable Medical Piped 
Gas Systems (Level 1 Systems). 

NOTE: Numbers in brackets refer to paragraphs in Chap- 
ter 4 of text. 

C-4.1.1 [4-3.1.1.8(e)] The  pressure relief valve, set at 50 
percent  above normal line pressure,  should be tested to 
assure p rope r  function pr ior  to use of  the system for 
patient care. 
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C-4.1.2 [4-3.1.1.9(f)] The proper  functioning of  the safety 
valve, automatic drain, pressure gauge, and high-water- 
level sensor should be verified before the system is put into 
service. 

C-4.1.3 [4-3.1.2.1(b)2] Changeover Warning Signal m 
Manifold or Alternating Bulk Supply m 4-3.1.1.5(a), 
4-3.1.1.6(a)2, and 4-3.1.1.7(a)2. 

(l) Start a flow of gas from an oudet of the piping system. 
(2) Close the shutoff valve or cylinder valves on the 

number 1 bank (Figure 4-3.1.1.5), the primary supply o£ 
the manifold (Figure 4-3.1.1.6), or the primary unit of  the 
alternating bulk supply to simulate its depletion. Change- 
over should be made to the Number 2 bank, secondary 
supply, or the alternate bulk unit. 

(3) Check main-line pressure gauge to ensure mainte- 
nance of  the desired pressure. 

(4) Check signal panels for activation of  the proper  
changeover signal. 

(5) Silence the audible signal; visual signal should 
remain. 

(6) Open the valves closed in Step 2. Close the valve on 
the Number 2 bank, secondary supply, or alternate bulk 
unit. When changeover back to original primary supply 
has occurred, reopen the valve. This will reinstate system 
to its original status. 

(7) Check signal panels for deactivation of warning signals. 
(8) Stop flow of  gas from the piping system. 

C-4.1.4 [4-3.1.2.1(b)3] Reserve-In-Use Warning Signal 
4-3.1.1.6(a)3, 4-3.1.1.6(c), and 4-3.1.1.7(a). 

(1) Start a flow of  gas from the piping system. 
(2) Close the proper shutoff valves to simulate depletion 

of the operating supply. Reserve should begin to supply 
the piping system. 

(3) Check the main-line pressure  gauge. Pressure 
should remain at the desired level. 

(4) Check the master signal panels to determine that the 
reserve-in-use signals have been activated. 

(5) Silence the audible signal. Visual signal should 
remain. 

(6) Open the shutoff valves closed in Step 2. 
(7) Check master signal panels for deactivation of  the 

warning signals. 
(8) Stop the flow of  gas from the piping system. 

C-4.1.5 [4-3.1.2.1(b)4 and 6] Reserve Supply Low (Down 
to an average one-day  supply)  - -  4-3.1.1.6(b) and 
4-3.1.1.7(b)2 and 3. 

High-Pressure Cylinder Reserve. 

(1) Start a flow of  gas from the piping system. 
(2) Close all operating supply shutoff valves. (To use 

pressure from the reserve.) 
(3) Close the reserve supply shutoff valve or, if neces- 

sary, the reserve cylinder valves, depending on the exact 
location of  the actuating switch (to reduce pressure on the 
actuating switch, simulating loss of  reserve). 

(4) Open the operating supply valves closed in Step 2 
(so that only the "reserve low" signal should be activated). 

(5) Check the master signal panels for activation of  the 
proper signal. 

(6) Silence the audible signal. Visual signal should 
remain. 

(7) Open reserve supply valve or cylinder valves closed 
in Step 3. 

(8) Check master signal panels for deactivation of  the 
warning signals. 

(9) Stop flow of  gas from the piping system. 

Liquid Bulk Unit Reserve. 

This type of  reserve requires an actuating switch on the 
contents gauge and another actuating switch for the gas 
pressure being maintained in the reserve unit. Reduced 
contents or gas pressure in the reserve unit would indicate 
less than a day's supply in reserve. 

Simulation of  these conditions requires the assistance of  
the owner or the organization responsible for the opera- 
tion and maintenance of  the supply system as it will vary 
for different styles of storage units. 

C-4.1.6 [4-3.1.2.1(b)3e] High or Low Pressure in Piping 
System. 

Initial test of  the area alarms covered in 4-3.4.1.3(d)4 
can be done at the same time. 

(1) Increase the pressure in the piping system to the 
high-pressure signal point (20 percent above normal pres- 
sure). 

(2) Check all master signal panels (and area signals) to 
ensure that the properly labeled warning signal is acti- 
vated; also check main-line pressure gauge and area 
gauges to ensure their function. 

(3) Silence the audible signal. Visual signal should 
remain. 

(4) Reduce piping system pressure to the normal. A flow 
from the system is required to lower the pressure and per- 
mit readjustment of  the line regulator. 

(5) Check all signal panels for deactivation of the signals. 
(6) Close main-line shutoff valve. 
(7) Continue the flow from the system until pressure is 

reduced to the low-pressure signal point (20 percent below 
normal). 

(8) Check all signal panels for activation of the properly 
labeled warning signal; also check main-line gauge and 
area pressure gauges to ensure their function. 

(9) Silence the audible signal. Visual signal should 
remain. 

(10) Open main-line shutoff valve. 
(11) Check main-line gauge for proper  line pressure. 
(12) Check all signal panels for deactivation of  warning 

signals. 

C-4.1.7 [4-3.1.2.1(e)1] This signal should be initially 
tested at the time the tests of  C-4.1.4 are performed. 

C-4.2 Retesting and Maintenance of Nonflammable Med- 
ical Piped Gas Systems (Level 1 Systems). 

NOTE: Numbers in brackets refer to paragraphs in Chap- 
ter 4 of text. 

C-4.2.1 [4-3.1.1.5] These systems should be checked daily 
to assure that proper pressure is maintained and that the 
changeover signal has not malfunctioned. Periodic retest- 
ing of  the routine changeover signal is not necessary as it 
will normally be activated on a regular basis. 

C-4.2.2 [4-3.1.1.6] These systems should be checked daily 
to assure that proper pressure is maintained and that the 
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changeover signal has not malfunctioned. Periodic retest- 
ing of  the routine changeover  signal is not required. 
Annual retesting of  the operation of the reserve and activa- 
tion of  the reserve-in-use signal should be performed. 

C-4.2.3 [4-3.1.1.6(b)] If  the system has an actuating 
switch and signal to monitor the contents of  the reserve, it 
should be retested annually. 

C-4.2.4 [4.3.1.1.7] Maintenance and periodic testing of 
the bulk system is the responsibility of the owner or the 
organization responsible for the operation and mainte- 
nance of  that system. The staff of  the facility should check 
the supply system daily to ensure that medical gas is 
ordered when the contents gauge drops to the reorder 
level designated by the supplier. Piping system pressure 
gauges and other gauges designated by the supplier should 
be checked regularly,  and gradual  variation, ei ther  
increases or decreases, from the normal range should be 
reported to the supplier. These variations might indicate 
the need for corrective action. 

Periodic testing of the master signal panel system, other 
than the routine changeover signal, should be performed. 
Request assistance from the supplier or detailed instruction 
if readjustment of bulk supply controls is necessary to com- 
plete these tests. 

C-4.2.5 [4-3.1.1.8(c)] The  main-line pressure gauge 
should be checked daily to ensure the continued presence 
of  the desired pressure. Variation, either increases or 
decreases, should be investigated and corrected. 

C-4.2.6 [4-3.1.1.9(b)] Quarterly rechecking of  the location 
of  the air intake should be made to ensure that it contin- 
ues to be a satisfactory source for medical compressed air. 

C-4.2.7 [4-3.1.1.9(f)] Proper functioning of the pressure 
gauge and high-water-level sensor should be checked at 
least annually. Check the reGeiver drain daily to determine 
if an excessive quantity of  condensed water has accumu- 
lated in the receiver. 

C-4.2.8 [4-3.1.1.9(g)] An important  item required for 
operation of  any medical compressed air supply system is a 
comprehensive preventive maintenance program. Worn 
parts on reciprocating compressors can cause high dis- 
charge temperatures resulting in an increase of contami- 
nants in the discharge gas. Adsorber beds, if not changed 
at specified time intervals, can become saturated and lose 
their effectiveness. It is important that all components of  
the system be maintained in accordance with the manufac- 
turer's recommendations. It is important that any instru- 
mentation, including analytical equipment, be calibrated 
routinely and maintained in operating order. Proper func- 
tioning of  the dew point sensor should be checked at least 
annually. 

C-4.2.9 [4-3.1.2.1(a)2] When test buttons are provided 
with signal panels, activation of  the audible and visual sig- 
nals should be performed on a regular basis (monthly). 

C-4.2.10 [4-3.1.2.1(b)2] Changeover Warning Signal n 
Mani fo ld  or Al ternat ing  Supp ly  - -  4 -3 .1 .1 .5(a) ,  
4-3.1.1.6(a)2, and 4-3.1.1.7(a)2. 

As this is a routine signal that is activated and deacti- 
vated at frequent intervals, there is no need for retesting 
UNLESS it fails. I f  the reserve-in-use signal is activated 
because both units of the operating supply are depleted 

without the prior activation of  the changeover signal, it 
should be repaired and retested. 

C-4.2.11 [4-3.1.2.1(b)3] Reserve-In-Use Warning Signal 
4-3.1.1.6(a)3, 4-3.1.1.6(c), and 4-3.1.1.7(a). 

All components of this warning signal system should be 
retested annually in accordance with steps 2 through 7 of 
the procedure given in Appendix C-4.1.4. Audible and 
visual signals should be tested periodically during the year 
(monthly). 

C-4.2.12 [4-3.1.2.1(b)3c] Reserve Supply Low (Down to an 
average one-day supply) - -  4-3.1.1.6(b) and 4-3.1.1.7(b)2 
and 3. 

High-Pressure Cylinder or Liquid Reserve. 

All components of  these signal warning systems should 
be retested annually in accordance with Steps 2 through 8 
of  the procedure given in Appendix C-4.1.5. If  test buttons 
are provided, audible and visual signals should be period- 
ically tested throughout the year (monthly). 

C-4.2.13 [4-3.1.2.1(b)6] The medical compressed air sys- 
tem alarms in 4-3.4.1.4(b)1 should be checked at least 
annually. 

C-4.2.14 [4-3.1.2.1(d)1] This pressure gauge should be 
checked on a daily basis to ensure proper piping system 
pressure. A change, increase or decrease, if noted, can give 
evidence that maintenance is required on the line pressure 
regulator and could thus avoid a problem. 

C-4.2.15 [4-3.1.2.1(d)2] This pressure gauge should be 
checked on a daily basis to ensure proper system pressure. 
A gradual change, increase or decrease, if noted, will give 
an indication of  a developing problem that could be 
avoided by preventive maintenance. 

C-4.2.16 [4-3.4.1.3(d)] Annual retesting of  all components 
of warning systems, if it can be done without changing pip- 
ing system line pressure, should be performed. 

C-4.2.17 [4-3.4.1.3(d)2] If  test buttons are provided, the 
retesting of audible and visual alarm indicators should be 
performed monthly. 

C-4.2.18 [4-3.1.2.2C0)] Shutoff valves should be periodi- 
cally checked for external leakage by means of  a test solu- 
tion or other equally effective means of leak detection safe 
for use with oxygen. 

C-4.2.19 [4-3.1.2.2(d)] Station outlets should be periodi- 
cally checked for leakage and flow. Instructions of the manu- 
facturer should be followed in making this examination. 

C-4.3 Examples, Medical-Surgical Vacuum System Sizing. 

C-4.3.1 Example 1. Vacuum Source Sizing Example. 
Calculate the required vacuum pump capacity to meet the 
deman~ls of  a hypothetical hospital with rooms and station 
inlets quantities described below: 

Pump Sizing for 3 in. Hg 

Piping Pressure Drop: 

Minimum allowable system vacuum 12 in. Hg Vac. 

Design pressure drop (Appendix C-4.2) 3 in. Hg Vac. 

Minimum operating vacuum at receiver 15 in. Hg Vac. 
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C-4.3.2 E x a m p l e  2. Pipe Sizing Example  (Not  Related to 
Examples  1 and  3). See Figure  C-4.3(a). 

C-4.3.3 E x a m p l e  3. Pipe Sizing Example  (Not  Related to 
Examples  1 and  2). See Figure  C-4.3(b). 

Table C-4.3.1(a) Hospital Parameters 

Room Designation 

Number 
Number of of Type/Usage 
Rooms or Station Group [See TabIe 

Beds Inlets A-4- Z 1.2] 

Operating Rooms 6 18 A 
Cystoscopy Rooms 2 6 A 
Delivery Rooms 4 12 A 
Recovery Rooms 13 39 A 
ICUs 24 72 A 
Emergency Rooms 10 10 A 
Emergency 

Rooms-- 
Major Trauma 2 6 A 

Patient Rooms 385 385 B 
Nurseries 30 30 B 
Treatment and 

Examination 
Rooms 20 20 B 

Autopsy 1 l B 
Respiratory Care 1 1 B 
Dialysis Unit 4 2 B 

Table C-4.3.1(b) Calculations 

No. of 
TyJ~e of Station Use Adjusted 

Koom Inlets SCFM Factor* SCFM 

Type A 163 163 x 0.25 = 41 0.52 21 
Type B 439 439 x 0.25 = l l0  0.22 24 
Operating 

Rooms 6 6 x 1.5 = 9 1.0 9 

54** 

*Per Table A-4-7.1.2. 
**Does not include waste anesthetic gas evacuation. 

To  ma in t a in  the  m i n i m u m  o p e r a t i n g  v acu u m at the  
rece iver ,  typical  co n t ro l  se t t ings  for  a d u p l e x  v a c u u m  
p u m p  installat ion migh t  be as follows (assuming  p u m p s  are  
located at the  receiver):  

Start Stop 
Lead Switch 16 in. Hg  Vac. 19 in. Hg  Vac. 

Lag Swtich 15 in. Hg  Vac. 18 in. Hg  Vac. 

NOTE: Three-inch vacuum pressure loss used in the illustration can 
be varied to suit system design. 

r i -  . . . . . . . . . .  1 

Branch: L l l r ~  i I [Branch: ' I  I ~ _ i :  /]_18 x 1.5 x 1 3 x 1.5 x 1.0 = 4.5 SCFM 3xl"5xl"0=4"5SCFMJ I 1 ~ -  "0=27SCFM]k~i] r ~  ' rBranch: 

3 "A" t e r m i n a l s ~ _  i r ~  1 ~ [ 3  "A" terminals 

6 operating room suite* 6 operating room suite 
(size as one room) i-Main" (size as one room) 

Main" -} Main: J 3 6  x () 25 x 0.97 + 12 "ORs" x 1.5 = 26.73 SCFM 
-,A x 0'25 x .  1 .v '~ = 1 SCFM 1 16x025x 1 .  .0-4 0SCFM-. Lar g est branch - 27 S C F M -  
Largest branch = 3 SCFM| ~ Largest branch = 3 SCFM ~/fLUse 27 SCFM I- 36 "A" x 0.25 x 0.97 = 8.73 
Use 3 SCFM _1 | , Use 4 SCFM , / 20 "B" x 0.25 x 0.97 = 4.85 

/ \ ~ 12 "ORs" x 1.5 = 18.00 

Branch: -L_ I ~ 1 [  ~ I ~  l i p \  I~] ~ Largest branch = 27 SCF~ ~~ SO FM 
2 x 15x 10 = 30 SCFMJ $ 1  / / / L Use 31.58 SCFM 

2 "B" terminals~'--~r~ I~1 r ~  I-~1 !-~1 l 

10 patient rooms t ~ !~ ~i~): ~x~em~ie~ ~i~ I 
Main: -I I etc') I 
20 x 0.25 x 0.97 = 4.8 SCFM I I L 10.~ + 23.2 = 33.8 tSGI-M 
Largest branch = 3 SCFM I - ~  
Use 4.8 SCFM J ~ [Main: 

|80 type "A" x 0.25 x 0.89 = 17.8 SCFM 
I 423 type "B" x 0.25 x 0.21 = 22.2 SCFM 

Vacuum source I ~ 12 "ORs" x 1.5 = 18 SCFM 
Size in accordance I i Total: 58 SCFM 
with main I I Largest branch: 27 SCFM 
Use 58 SCFM I Luse 58 SCFM 

* In the event of a branch line serving more than six (6) operating rooms, or the like, only the first six should be considered as one room. 
The branch sizing for the remaining rooms should use the same procedure as for other branch lines. See Figure C-4.3(b). 

Figure C-4.3(a) Typical branch and main sizing. 
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Branch: 
18 x 1.5 x 1.0 = 27 SCFM 

3 3 3 I ! i  

3 3 3 I 3 

First 6 operating rooms  
(size as one room) 

Branch: 
3 x 1.5 x 1.0 = 4.5 SCFM 

i ~ i  Main? 

36 x 0.25 x 0.97 + 12 "ORs" x 1.5 
= 26.73 SCFM 
Largest branch = 27 
Use 27 SCFM 

Figure C-4.3(b) Sizing branch lines serving large operating suites. 

C-4.4 Vacuum Flow Chart and Formulas. 

o,~ 0 . 3 ~  
oQ.~o~ 0.2 3A 1 1V4 11/2 2 2Va 3 4 5 6 

o 

i 0 . 0 5 ~  

1 2 3 5 7 10 20 30 5070100 2003005007001000 
Flow, SCFM @ 15 in. Hg vacuum 

NOTE: Pressure drops at other  vacuum levels can be 
closely approximated by dividing the pressure drop found 
fi'om the chart (fbr a given SCFM and pipe size) by the 
ratio: 

30 - new vactmm level 
15 

Formulas Ior Calculating Pressure Drop 
tbr Other  Types and Sizes of Pipe 

(Eq. 1) Darcy's Formnla: 

P = 0.01414 f ~ X 2"-'g 

where: 

P = pressure drop in. Hg abx. 
f = friction factor determined from Moody Diagram 
L = length of pipe, ft 
D = internal diameter of pipe, ft 
p = density of air at upstream pressure, lb/ft 3 
V = velocity of air at upstream pressure, ft/sec 
g = gravitation constant, 32.2 ft/seC. 

For  clean,  new c o p p e r  tube  K, L, or  M, the  fr ic t ion fac- 
to r  can  be  closely a p p r o x i m a t e d  by the  fol lowing re la t ion:  

0.184 
(Eq. 2) f - 

(ReN) °.'-' 
where: 

Re N = Reynold's Number, pVD 
p. 

= absolute (dynamic) viscosity, lb._b_. 
sec ft 

Fr ic t ion factors  o f  c o m m e r c i a l  steel p ipe  a re  h ighe r .  

(3-4.5 Metric Conversion Factors. 

1 in. = 2 .540 cm 
1 ft = 30.48 cm 
1 a tm  - 29.92 in. Hg  = 760 m m  H g  
1 lb p e r  sq in. = 4 .882 kg p e r  sq m 
1 c u f t  p e r  min  = 28.32 L p e r  m in  

(3-4.6 Comments on Derivation of  Design Parameters for 
Medical-Surgical Vacuum Systems. 

While  mos t  v a c u u m  system des ign  p a r a m e t e r s ,  such  as 
p r e s su re  d rop ,  a re  de r i ved  f rom the  laws o f  physics, two 
very i m p o r t a n t  i tems are  a lmos t  en t i re ly  empir ica l .  T h e s e  
two are:  first, the  n u m b e r  of  v a c u u m  s ta t ion  inlets  n e e d e d  
for  var ious  types o f  r o o m s  or  func t iona l  a reas  of  a h e a l t h  
care  facility and ,  second,  the  n u m b e r  of  s ta t ion  inlets  t ha t  
a re  in s i m u l t a n e o u s  o p e r a t i o n  at  any  g iven  time. 

T h e  reasons  for this  emp i r i c i sm are  obvious.  T h e  n u m -  
b e r  o f  s t a t i o n  in le t s  n e e d e d  for  any  p a r t i c u l a r  r o o m  
d e p e n d s  no t  only  on  the  medica l  needs  of  the  pa t i en t s  
b e i n g  t rea ted ,  bu t  also u p o n  the  locat ion o f  those  s ta t ion  
inlets wi th in  each  r o o m  a n d  the  ind iv idua l  charac ter i s t ics  
of  each  v a c u u m  device a t t a ched  to the  s ta t ion  inlets. T h e  
n u m b e r  o f  s ta t ion  inlets in s i m u l t a n e o u s  use ( the  divers i ty  
factor)  d e p e n d s  no t  only  on  the  type  of  medica l  facility 
involved bu t  also, to some ex ten t ,  on  the  g e o g r a p h i c a l  a rea  
t ha t  the  facility serves. 

T h e  n u m b e r  of  v a c u u m  sta t ion inlets  n e e d e d  a n d  the  
divers i ty  factor  d e t e r m i n e  the  " load"  on  the  v a c u u m  sys- 
tem.  Th i s  load is t h e n  used  to d e t e r m i n e  the  r e q u i r e d  vac- 
u u m  p u m p  capaci ty  as well as the  sizing of  the  p i p i n g  
be tween  s ta t ion inlets  a n d  p u m p s .  O n e  des ign  a p p r o a c h  
would  be to a s sume  a "wors t -case"  s i tua t ion  (such as all 
ins ta l led s ta t ion  inlets a re  in s i m u l t a n e o u s  use). A n o t h e r  
would  be  to a s sume  a f ixed divers i ty  fac tor  r ega rd less  of  
facility size. 
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All such arbitrary approaches can be criticized as being 
either unnecessarily expensive or resulting in inadequate sys- 
tems. Clearly, design recommendations must be based upon 
the actual vacuum needs in "real-life" facilities. Given the 
obvious limitations of time and money, these recommenda- 
tions can be based only on a survey of a fraction of the total 
number of health care facilities in existence at any one time. 

In 1974, the then  NFPA Sectional Commit tee  on 
Medical-Surgical Vacuum Systems ~ examined representa- 
tive samples of suction apparatus to determine the design 
requirements (i.e., flow rates and vacuum) for the associ- 
ated station inlets. "As-delivered" samples of the apparatus 
of five leading manufacturers, covering an estimated 90 
percent  of all equ ipment  then in common use in the 
United States, were measured in the presence of Sectional 
Committee members at the engineering laboratories of one 
of the manufacturers. Field conditions were simulated by 
the use of saline solutions and whole-blood samples pro- 
vided for this purpose by a member of the Sectional Com- 
mittee. The flow rate given in 4-3.4.2.1(c) and min imum 
vacuum given in 4-3.4.2.1(a) are based on these measure- 
ments. Periodic review of these 1974 measurements indi- 
cated that they were still valid as of 1980. 

In 1976, the Sectional Committee on Medical-Surgical 
Vacuum Systems examined the vacuum systems of nine 
hospitals to determine the types and locations of their vac- 
uum station inlets, the number  of station inlets in use 
throughout  the day, and total demand  on the vacuum 
source(s) as the various station inlets were used. These hos- 
pitals ranged in size from 100 beds to 1200 beds, and, in 
terms of the types of medical procedures performed and 
demands placed on their vacuum systems, were considered 
a fair representat ion of hospitals in the United States. 
Flow-rate and pressure-recording instruments were pro- 
vided by one of the manufacturers. The original data was 
based on these measurements. 

Between 1976 and 1977, the vacuum systems of approx- 
imately 20 additional hospitals were examined by one or 
more members of the Sectional Committee. Several of 
these systems were being examined because of malfunc- 
tions or inadequate performance. The others were new sys- 
tems being designed and installed, or new extensions to 
existing systems. The information obtained from these hos- 
pitals was used to make minor corrections to original data. 

The sampling of hospital vacuum systems was expanded 
in 1978. Whereas previous data were based upon short, 
90-minute data observations, newer data were based upon 
one-week data acquisition. Although 13 hospital systems 
were studied, only 9 contained usable data. This informa- 
tion was later expanded in 1980 by data from 21 additional 
hospital systems. In total, data fi'om 67 vacuum systems 
have been gathered by the CGA, industry members of the 

i In 1974, the Sectional Committee was actually an ad hoc Sub- 
committee (formed in 1971 ) ot" the Committee on Hospitals. I n 1975, 
it became a full Sectional Comminee under the jurisdiction of the 
Correlating Comminee on Health Care Facilities. In 1976, Sectional 
Comminees were raised to Technical Comminee level. In 1985, the 
Health Care Facilities Project was reorganized, with the Technical 
Committee on Medical-Surgical Vacuum Systems becoming the 
Standing Subcommittee on Vacuum Systems and Equipment. The 
responsibility for tiffs topic now rests with the Technical Committee 
on Piping Systems. 

Technical Committee on Medical-Surgical Vacuum Sys- 
tems, and by the American Society for Hospital Engineer- 
ing. Hospital sizes varied from 40 to 1200 beds and consti- 
tuted a broader representation than before. 

The data from the 1978-1980 surveys (30) were analyzed 
using the existing 1978 formulae. All but eight systems fit 
the existing formulae. The important conclusions from an 
analysis indicated that: 

(1) The number  of operating rooms was found to be the 
single most important parameter affecting SCFM demand. 

(2) The total number  of A-type and B-type terminals 
was the second most important parameter. 

(3) Whether the hospital used the central vacuum sys- 
tem for waste anesthetic gas disposal was not found to be 
statistically significant in this group of data. 

The basic 1978 formulae were subsequently adjusted in 
1980 to accommodate an additional 1.5 SCFM require- 
ment  for each operating room. The formulae were now 
found to have virtually 100 percent unanimity with all 67 
data samples. Additionally, the formulae provide for a siz- 
ing that gives 21/2 times the observed peak demand, a mar- 
gin that should be enough for even the most conservative 
users. 

Over the years several members of the Technical Com- 
mittee on Medical-Surgical Vacuum Systems have planned, 
designed, and supervised the installation of a number  of 
these systems using the procedures outlined in Chapter 4 
and its associated Appendixes A-4 and C-4. These systems 
have continued to perform as intended. 

C-4.7 Oxygen Service Related Documents .  The follow- 
ing publications may be used for technical reference: 

ASTM G63, Guide for Evaluating Nonmetallic Materials for 
Oxygen Service. 

ASTM G88, Guide for Designing Systems for Oxygen Service. 
ASTM G93, Practice for Cleaning Methods for Material and 

Equipment Used in Oxygen-Enriched Environments. 
ASTM G94, Guide for Evaluating Metals for Oxygen Service. 

C-4.8 AIA R e c o m m e n d e d  Number  of  Station Outlets/  
Inlets. See Table C-4.8. 

C-8 Additional Information on Chapter 8. 

Appendix C-8 consists of" the following: 
C-8.1 Medical Safeguards, Respiratory Therapy; 
C-8.2 Glossary of Respiratory Therapy Terminology; 
C-8.3 Suggested Fire Response, Respiratory Therapy; 
C-8.4 Typical Gas Cylinders. 

C-8.1 Medical Safeguards, Respiratory Therapy. 

C-8.1.1 General. 

C-8.1.1.1 Personnel setting up, operating, and maintain- 
ing respiratory therapy equipment, includingsuction appa- 
ratus, should tamiliarize themselves with the problems of 
the use of each individual unit. 

C-8.1.1.2 Respiratory therapy e qu i pme n t  should be 
stored and serviced in an area apart from that used for 
other functions. Preti~rably the respiratory therapy service 
should be supplied with its own workroom/storeroom. 
Such a room or area may be divided into three sections --  
cleanup and sterilization, repair, and storage and reissue. 
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Table C-4.8 S t a t i o n  O u t l e t s / I n l e t s  f o r  P i p e d  Oxygen, Vacuum, and Medical Air S y s t e m s  
(From AIA M i n i m u m  C o n s t r u c t i o n  G u i d e l i n e s  f o r  Health Care Facilities) 

Oxygen V a c u u m  M e d i c a l  Air 
L o c a t i o n  O u t l e t s  I n l e t s  O u t l e t s  

1 (one inlet accessible -- 
to each bed) 

1 -- 

Patient Rooms (Medical and Surgical) 

ExaminationfFreatment (Medical, Surgical, 
and Postpartum Care) 

Isolation (Infectious and Protective) 
(Medical and Surgical) 

Security Room (Medical, Surgical, and Postpartum) 

Critical Care (General) 

Isolation (Critical) 

Coronary Critical Care 

Pediatric Critical Care 

Newborn Intensive Care 

Newborn Nursery (Full-Term) I 

Pediatric and Adolescent 

Pediatric Nursery 

Psychiatric Patient Rooms 

Seclusion Treatment Room 

General Operating Room 
Cardio, Ortho, Neurological 

Orthopedic Surgery 
Surgical Cysto and Endo 

Post-Anesthetic Care Unit 

Anesthesia Workroom 

Outpatient Recovery 

Postpartum Bedroom 

Caesarean/Delivery Room 

Labor Room 

Recovery Room 

Labor/Delivery/Recovery (LDR) 

Labor/Delivery/Recovery (LDRP) 

Initial Emergency Management per bed 

Triage Area (Definitive Emergency Care) 

Definitive Emergency Care ExamfFreannent Rooms 

Definitive Emergency Care Holding Area 

Trauma/Cardiac Room(s) 

Orthopedic and Cast Room 

Cardiac Catheterization Lab 

Autopsy Room 

l (one outlet accessible 
to each bed) 

1 

1 

1 

2 

2 

2 

2 

3 
l 

1 

1 

_ _  

2 
2 

2 
1 

l 

1 per workstation 

1 

1 

2 

1 

l 

2 

2 

1 

l 

1 

1 

2 

1 

1 

1 

1 

3 

3 

2 

3 

3 

1 

1 

l 
- =  

= =  

3 
3 

3 
3 

3 

3 
1 

3 

1 

3 

2 

2 

1 

1 

l 

1 

3 

1 

2 
1 per workstation 

1 

1 

1 

l 

3 
1 

1 

1 

1 
- -  

- -  

1 per workstation 
- =  

= =  

1 

1 

1 

2 
l per workstation 

qn tacilities with newborn intensive care units, outlet requiremelltS in a newborn 

C-8.1 .1 .3  S t o r a g e  o f  r e s p i r a t o r y  t h e r a p y  e q u i p n t e n t  
should be systelnatic and segrega ted  f iom areas of  s torage 
of  o ther  items of  medical  equ ipment .  I f  drawers or  cabinets 
are employed ,  p r o p e r  labeling should be utilized to ensure  
ready availability of  equiplnent .  

C-8.1.1.4 Personnel  must  be aware of  the exact location 
of  e q u i p m e n t  in s torage to iacilitate e m e r g e n c y  use. 

C-8.1.2 H a n d l i n g  o f  E q u i p m e n t ,  P r o p e r  p r o c e d u r e s  
must  be established for mechanical  c leansing and steriliza- 
tion of  e q u i p m e n t  coming  in contact  with patients or  

nursery (lull-term) could be reduced. 

t h rough  which patients breathe.  T h e r e  must  be no residual 
chentical deposits  that might  be toxic to the pat ient  and no 
residual bacteria that might  cause cross-infection. 

C-8.1.2.1 Mechanical  c leansing and sterilization should 
be carr ied out  after each pat ient  application.  

C-8.1.2.2 Mechanica l  c l eans ing  shou ld  be sufficiently 
t ho rough  to r emove  blood,  saliva, mucus,  residual adhe-  
sive tape, and o ther  debris. 

C-8.1.2.3 Use of  i m p r o p e r  combinat ions  of  medicat ion in 
therapy e q u i p m e n t  should be avoided.  
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C-8.1.3 Tracheotomy and Endotracheal Tube Connection. 

C-8.1.3.1 Pressure breathing apparatus  can be connected 
directly to a tracheotomy or endotracheal  tube. Connectors 
designed to afford a tight fit between breathing tubes of  a 
pressure breathing apparatus  and the tracheal tube should 
have an internal d iameter  at least as large as that of the 
tube. 

C-8.1.3.2 A tracheotomy collar should not obstruct move- 
ment  of gas through the tracheotomy tube. 

C-8.1.3.3 To avoid reducing the effective lumen of  tra- 
cheotomy tubes and interfering with movement  of  gas in 
and out  of the lungs, suction tubes or  o ther  devices must 
not remain in the tracheotomy tubes. 

C-8.1.4 Suction Equipment for Respiratory Care. 

C-8.1.4.1 E q u i p m e n t  e m p l o y e d  for p a t i e n t  suc t ion  
includes the source of suction, the interconnecting tubing, 
and collection and trap bottles. The  bottle used for collec- 
tion can contain the trap. A trap is a mechanism prevent-  
ing spillage of  liquid contents into the source of suction if 
the bottle overfills. 

C-8.1.4.2 Suct ion e q u i p m e n t  shou ld  be set up and  
applied only by qualified individuals. 

C-8.1.4.3 Sources of suction without pressure regulation 
should not be connected directly to a tube to be inserted 
into a body cavity for continuous suction. Regulation of 
suction pressure is not required for clearing of the oral 
cavity or  removal of  blood or other  bodily fluids from open 
wounds. 

C-8.1.4.4 Suction regulators should be serviced by quali- 
fied ind iv idua ls .  Defective r e g u l a t o r s  shou ld  not  be 
employed.  

C-8.1.4.5 Trap  bottles should be fixed to the wall or o ther  
appropr ia te  stationary object to prevent  t ipping and subse- 
quent  spillage of liquid contents into the source of suction. 

C-8.1.4.5.1 Trap  bottles should be utilized between col- 
lection bottles and the source of  suction to prevent  spillage 
(see C-8.1.4.1 and C-8.1.4.5). 

C-8.1.4.5.2 Collection bottles should be placed below the 
site of suction dra inage from the patient,  thus allowing 
gravitational pull to aid rather  than impede flow into the 
collection bottle. 

C-8.1.4.5.3 Collection bottles should be placed as close as 
practical to the pat ient  to reduce the length of tubing 
required and to increase the efficiency of suction. 

C-8.1.4.5.4 The  overflow-preventive mechanism of  the 
trap bottle should be cleaned each time the bottle is emp- 
tied and should be tested periodically to ensure p roper  
functioning. 

C-8.1.4.6 Suction tips or tubes with the largest practical 
internal d iameter  should be employed.  

C-8.1.4.7 Tubing employed for connection of the various 
components  of  the suction system should possess an inter- 
nal d iameter  of at least 0.25 in. (6.4 mm). The wall thick- 
ness of the tubing should he sufficient to prevent  collapse 
dur ing  all conditions of  use. 

C-8.1.4.8 Suction tubing employed in a hazardous loca- 
tion is to be electrically conductive. 

C-8.2 Glossary of Respiratory Therapy Terminology. 

Arrhythmia. I r regular i ty  of heartbeats. 

Asphyxia. Suffocation from lack of  oxygen and an 
accumulation of carbon dioxide. 

Aspiration. Removal of  accumulated mucus by suction. 

Bronchi. The two pr imary divisions of  the trachea. 

CPAP. Continuous positive airway pressure. 

CPR. Cardiopulmonary  resuscitation. 

Croup Tent. Equipment utilized to provide environ- 
mental control inside a canopy in relation to oxygen con- 
centration, temperature ,  humidity, and filtered gas. 

Cyanosis.-~ A bluish discoloration of skin and mucus 
membranes  due to excessive concentra t ion of  reduced  
hemoglobin in the blood. 

Defibr i l la te .  Use of  electrical shock to synchronize  
heart  activity. 

Diffusion. Transfer  of  gases across the alveolar capil- 
lary membrane.  

EKG, ECG. Electrocardiogram. 

Hemoglobin. The chemical compound  in red blood 
cells that carries oxygen. 

Hypoxia .  An abnormally decreased supply or  concen- 
tration of oxygen. 

IMV. Intermit tent  mandatory  ventilation. 

IPPB. Intermit tent  positive pressure breathing. 

PEEP. Positive end expiratory pressure. 

Respiration. T h e  e x c h a n g e  by di f fus ion of  gases 
between the alveoli, the blood, and the tissue. 

RLF. A disease entity of the premature  infant causing 
blindness. 

Thorax. T h e  chest; the u p p e r  pa r t  of  the  t r u n k  
between the neck and the abdomen.  

Trachea. The windpipe leading from the larynx to the 
bronchi. 

Ultrasonic Nebulizer. A device that produces sound 
waves that are utilized to break up water into aerosol particles. 

Ventilation. Movement of  air into and out of the lungs. 

Ventilator. Machine used to suppor t  or assist non- 
breathing oi" inadequately breathing patient. 

C-8.3 Suggested Fire Response, Respiratory Therapy. 

Suggested procedure  in the event of fire involving respi- 
ratory therapy apparatus.  

C-8.3.1 General .  Fires in oxygen-enriched atmospheres  
spread rapidly, generate intense heat, and produce  large 
volumes of heated and potentially toxic gases. Because of" 
the immediate threat  to patients and personnel,  as well as 
the damage to equipment  and possible spread to the struc- 
ture of  the building, it is important  that all personnel be 
aware of the steps necessary to save life, preserve limb, 
and, within reason, to extinguish or contain the fire. 
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C-8.3.2 Steps to Take in Event of  Fire. 

C-8.3.2.1 The  following steps are recommended  in the 
event of a fire, in the approximate  o rde r  of importance:  

(a) Remove the patient or patients immediately exposed 
from the site of  the fire if their hair and clothing are not 
burning;  if they are burning,  extinguish the flames. (See 
C-8.3.4 and C-8.3.5.) 

(b) Sound the fire alarm by whatever mode the hospital 
fire plan provides. 

(c) Close off the supply of oxygen to the therapy appa-  
ratus involved if this step can be accomplished without 
injury to personnel.  (See C-8.3.3.) 

(d) Carry out any other  steps specified in the fire plan of 
the hospital. For example:  

(1) Remove patients threatened by the fire, 
(2) Close doors leading to the site of  the fire, 
(3) Attempt to extinguish or contain the fire (see 

C-8.3.4), 
(4) Direct fire fighters to the site of the fire, 
(5) Take whatever steps necessary to protect or evac- 

uate patients in adjacent areas. 

C-8.3.3 Closing Off  of  Oxygen Supply.  

C-8.3.3.1 In the event of a fire involving respiratory ther- 
apy equipment  connected to an oxygen station outlet, the 
zone valve supplying that station is to be closed. 

C-8.3.3.1.1 All personnel  are cautioned to be aware of the 
hazard of  such a step to other  patients receiving oxygen 
supplied through the same zone valve. Steps should be 
taken to minimize such hazards, realizing that closing the 
valve is of  foremost importance.  

C-8.3.3.2 In the case of oxygen therapy apparatus supplied 
by a cylinder or container of oxygen, it is desirable to close 
the valve of the cylinder or container, provided that such clo- 
sure can be accomplished without injury to personnel. 

NOTE: Metallic components of regulators and valves can 
become exceedingly hot if exposed to flame. Personnel are 
cautioned not to use their bare hands to effect closure. 

C-8.3.4 Ext inguishment  or Containment of  Fire. 

C-8.3.4.1 Fire or ig ina t ing  in or  involving resp i ra tory  
therapy apparatus  generally involves combustibles such as 
rubber ,  plastic, linen, blankets, and the like. Water  or 
water-based extinguishing agents are most effective in such 
fires. 

C-8.3.4.1.1 Precautions should be observed if electrical 
equipment  is adjacent  to or  involved in the fire, because of  
the danger  of electrocution of personnel  if streams of  water 
contact live 115-V circuits. 

C-8.3.4.1.2 Before at tempting to fight such a fire with 
water or a water-based extinguishing agent,  such electrical 
apparatus  should be disconnected from the supply outlet, 
or the supply circuit deenergized at the circuit panel. 

C-8.3.4.1.3 If  such deenerg iza t ion  cannot  be accom- 
plished, water should not be employed.  (See C-8.3.4.2.) 

C-8.3.4.2 Fires involving or adjacent to electrical equip- 
ment  with live circuits can be fought with extinguishers 
suitable for Class C fires, in accordance with NFPA 10, 
Standard for Portable Fire Extinguishers. 

NOTE: Chemical extinguishers are not effective against 
fires in oxygen-enriched atmospheres unless the source of 
oxygen is shut off. See C-8.3.3 for closing offoxygen supply. 

C-8.3.5 Protection of  Patients and Personnel.  

C-8.3.5.1 Because of the intense heat generated,  serious 
and even fatal burns of the skin or of the lungs from inhal- 
ing heated gases are  possible sequelae to the oxygen- 
enr iched-atmosphere  fire. Thus, it is essential that patients 
be removed from the site of the fire whenever practical. 

NOTE: Where a nonambulatory patient is connected to a 
burning piece of therapy equipment, it might be more prac- 
tical as the initial step to remove the equipment and/or 
extinguish the fire than to remove the patient. 

C-8.3.5.2 The large quantities of noxious gases produced  
constitute a threat  to life from asphyxia, beyond the ther- 
mal burn problem. 

C-8.3.5.2.1 Personnel are cautioned not to remain in the 
fire area after patients are evacuated if quantities of gas- 
eous combustion products are present. 

C-8.3,6 Indoctrination of  Personnel.  

C-8.3.6.1 It is highly desirable that personnel  involved in 
the care of  patients, including nurses, aides, ward secretar- 
ies, and physicians, irrespective of whether or not they are 
involved in respiratory therapy practices, be thoroughly 
indoctr inated in all aspects of fire safety, including: 

(a) The  location of  zone valves of nonflammable medical 
gas systems where employed,  and the station outlets con- 
trolled by each valve. 

(b) The location of electrical service boxes, and the areas 
served thereby. 

(c) The  location of fire extinguishers,  indications for 
their use, and techniques for their application. 

(d) The  recommended  methods of  evacuating patients, 
and routes by which such evacuation is accomplished most 
expeditiously. Reference should be made to the facility's 
fire plan. 

(e) The steps involved in carrying out the fire plan of 
the hospital. 

(f) The  location of  fire alarm boxes, or knowledge of  
other methods, for summoning the local fire depar tment .  

C-8.4 Typical  Gas Cylinders. See Table C-12.5, Typical 
Gas Cylinders. 

C-I0 Additional Information on Chapter I0. 

Appendix  C-10 consists of the following: 

C-10.1 Fire Incidents in Laboratories; 

C-10.2 Related Definitions, Laboratories. 

C-10.1 Fire Incidents in Laboratories. 

T h e  fol lowing desc r ip t ions  of  l a b o r a t o r y  fires a re  
selected from previous editions of  NFPA 99 and from the 
National Fire Incident  Report ing System data base. 

Iowa, October 1980 
A hospital fire, originating in a second-floor pathology 

labora tory ,  occu r red  when electr ical  wires arced and 
ignited cloth towels placed under  beakers. The  beakers 
contained tissue samples, alcohol, and formaldehyde.  The  
contents of the beakers caused the fire to spread to other 
larger containers of chemicals in the lab. 
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There was a 20- to 30-minute delay in detection of this 
fire because there was no automatic smoke detection 
equipment  in the laboratory. Smoke detectors in the air 
ducts located in the hallways did operate when the smoke 
filtered out of the lab. There  was no automatic sprinkler 
system. 

No other specifics were reported as to the cause of the 
electrical arcing. 

Direct property damage was estimated at $20,000. 

Pennsylvania, December 1980 
A small fire, of electrical nature, broke out in a hospital 

laboratory. The fire involved a condensate drip tray which 
was used to dissipate water from a refrigerator unit. The 
probable fire scenario was that a short circuit resulted from 
the aging rubber insulation of the cord. The unit  is always 
left "on." 

No direct property damage was reported for this fire. 
There  were no .automatic sprinklers in the lab area of the 
hospital. There were heat detectors in the area, but no 
smoke detectors. The fire generated large amounts  of 
smoke. 

Rhode Island, October 1981 
A fire occurred in a blood bank/donor lab in a hospital. A 

patient was lying on one of three contour couches in the 
donor room giving blood. The technician pushed a button to 
raise the couch, then heard a pop, and saw flames and smoke 
coming from the couch. The technician tried unsuccessfully 
to extinguish the fire with a portable fire extinguisher. 

A supervisor pulled the manual pull station and the fire 
depar tment  arrived within 3 minutes. 

One civilian and one fire fighter were injured in the fire. 
There  was extensive smoke and soot damage in the area. 

Direct property damage was estimated at $12,000. The fire 
occurred in an unsprinklered building. 

The cause of the fire was determined to be a short cir- 
cuit in the wiring in the motor of the couch. 

New Jersey, April 1982 
A small hospital fire occurred in a processing laboratory 

where tissue samples are cut and mounted in metal or 
polypropylene cassettes and then run  through a processor. 
In the processor, the mounted samples are dipped in a 
series of baths. The cassettes were stored in polystyrene 
cabinets. 

The cause of the fire was undetermined.  Damage was 
confined to a 6-sq ft area in the corner of the tissue lab. 
The fronts of the cassette cabinets suffered partial melting 
and some cassettes had the paraffin melted. It was esti- 
mated that 80 percent of the specimen cassettes were intact 
and salvageable. 

Total direct property damage was estimated at $70,000 
and business interruption at $4,000. 

A single sprinkler head operated and extinguished the 
fire. The waterflow alarm was received by the hospital 
switchboard and the municipal dispatching service. 

Massachusetts, April 1982 
A tissue laboratory in a hospital was the scene of a fire 

that resulted in $50,000 in direct property damage. An 
additional $50,000 was lost due to business interruption. 

The tissue lab was located in the pathology area of the 
lab building and housed 11 tissue processing machines. 

Eight of the machines were used to dehydrate tissue samples 
in a xylene concentrated solution or an alcohol solution. 

When a technician left the room at 5:15 p.m., all the 
machines were funct ioning  properly.  Twenty minutes  
later, a waterflow and smoke detection alarm was received 
at the command center with direct transmission to the fire 
department.  Two sprinkler heads helped control the fire. 
The fire was extinguished by the fire department  using a 
11/z-in. hand line from an interior standpipe. The fire was 
attributed to the j amming  of one of the baskets of a pro- 
cessing machine as it was being moved from one carriage 
to another. The motor failed to shut down as it should 
have, overheated, and eventually ignited the flammable 
xylene and alcohol solutions. 

Tennessee, May 1984 
The overheating ofxylene inside a distiller located in the 

hospital lab resulted in a fire. Apparently, the escaping 
flammable vapors were ignited by ord inary  electrical 
equipment  in the room. Prompt and effective automatic 
sprinkler activation helped minimize fire damage. 

The fire occurred in a fourth floor histology lab. Among 
the contents of the lab were small xylene stills for reclaim- 
ing used solvent, and also tissue processing equipment.  A 
technician had filled the distiller with xylene. Some time 
later, another person working in the area of the distiller 
noticed that an odor was coming from the unit  and that the 
solution had a brown color to it. This employee left to find 
someone to inspect the distiller. This employee returned 
with another worker to find a grayish haze around the 
console. Just after leaving the room, the employees saw 
smoke coming from under  the door. A "Code Red" was 
sounded and the lab was evacuated. The technician who 
originally was runn ing  the machine returned at the sound 
of the alarm and tried to turn off the instrument  by crawl- 
ing on the floor, but was unable to do so because of the 
smoke and smell of xylene. 

Property loss was estimated at $150,000, and business 
interruption resulted in an additional $15,000. 

Florida, December 1985 

A fire broke out in a hospital pathology lab and resulted 
in $100,000 in property damage, and an additional $2,000 
in business interruption. The pathology lab analyzes tissue 
samples from patients. These samples are preserved in an 
embedding center using paraffin as the preserving agent. 

The cause of the fire was determined to be the failure of 
a thermostat that controls the temperature of the heating 
element that melts the paraffin in the tissue embedding 
center. 

The fire damaged two tissue embedding centers, an 
ultrasonic cleaner, two light fixtures, a wood wall cabinet, 
as well as damaging the wall and ceiling. Microscopes, com- 
puter terminals, measuring equipment,  and tissue slides 
and samples were among the items damaged by smoke and 
soot. The fire damage was confined to the lab. 

An employee smelled smoke coming from the lab and 
noticed that the lab door was hot. A security guard was 
called immediately and pulled the alarm at a manual sta- 
tion in the hallway. The fire department  extinguished the 
fire with dry chemicals and an inside hose stream located 
in the hallway. There were no heat or smoke detectors 
inside the pathology lab. The building was unsprinklered. 
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New York, April 1988 
A hospital laboratory was the scene of a $250,000 fire. 

The  fire started when a professor was sterilizing a pair  of 
scissors using the "flaming" procedure .  The  "flaming" 
method involves d ipping  an item into alcohol and then 
burning off that  alcohol with a Bunsen burner .  The  profes- 
sor carried out the procedure  once, then tried to do it a 
second time because he thought  he had contaminated the 
scissors. During the second attempt,  the alcohol he d ipped  
the scissors into ignited because the scissors were still hot. 
The  container of alcohol was d ropped  and the fire spread 
to nearby combustibles, including other  flammable liquids. 

A security guard  noticed the fire and immediately pulled 
the alarm signaling the fire depa r tmen t  and hospital fire 
brigade.  The  fire depa r tmen t  r esponded  prompt ly  and 
extinguished the fire. 

There  were no automatic sprinklers in the fire area. 
Three  civilians were injured in the fire. 

California, April 1989 
The thermostat  of  a low-temperature  lab oven (incuba- 

tor) malfunctioned, causing the oven to overheat. The  unit 
heated to approximately  200 degrees overnight,  causing a 
smoldering fire. An employee discovered the fire in the 
s ixth-f loor  l abora to ry  in the medical  cen te r  when he 
arr ived early to work. His first action was to shut off the 
incubator,  after which he called the fire depar tment .  

Fire destroyed the contents of  the incubator, and the 
incubator itself needed  repairs  due to exposure  to dry 
powder  agent. Smoke damage also occurred in the lab and 
hallway. Property damage was estimated at $1,000. 

An alarm sounded after the fire depa r tmen t  had used an 
ex t ingu i sher  on the fire. The  type of  a la rm was not  
reported.  

California, November 1989 
Four fire fighters were injured at a fire in a pathology 

lab at a multi-story hospital medical center when they were 
exposed to toxic chemical debris and human tissue. The  
fire originated in a stainless steel cabinet which had two 
glass windowed doors. There  were two pieces of equip- 
ment  in the cabinet which were used to process tissue by 
dipping trays of  tissues into a series of containers. The  
machines were about 20 years old. 

The  official cause of  the fire was listed as a malfunction- 
ing piece of electrically powered lab equipment  igniting 
volatile flammable liquid. The  exact point  of failure could 
not be determined.  

Automatic detection equipment  was present  and oper-  
ated. There  was no automatic sprinkler system present  in 
the lab. Direct proper ty  loss was estimated at $325,000. No 
estimates were given for business interruption.  

Michigan, March 1981 
A building that housed various analytical research and 

development  laboratories was the scene of  a $60,000 fire. 
The  laboratory involved in the fire was used essentially for 
liquid and gas chromatography.  

The  fire occurred when solvent leakage inside, or adja- 
cent to, a liquid chromatograph ignited from an electrical 
source. Apparently,  a small amount  of solvent was spilled 
for up to 25 minutes and subsequently ignited. The  fire 
burned  through a plastic tube feeding a waste solvent con- 
tainer on a shelf. The  spilled waste solvent intensified the 
fire. Liquid chromatography uses solvents of  methanol and 
iso-octane. 

An employee first heard a crackling and then saw flames 
at the base of  the liquid ch roma tog raphy  ins t rument .  
Employees immediately attacked the fire with a dry chem- 
ical fire extinguisher.  Also, two sprinkler heads operated,  
limiting the spread of  fire within the laboratory. The fire 
depa r tmen t  received a waterflow alarm, a manual  fire 
alarm box, and several phone calls. Fire fighters found the 
fire nearly out on arrival because of sprinkler activation 
and consumption of the spilled liquid. 

Virginia, June 1981 
A small fire occurred in a laboratory that manufactures 

interferon. During this process, red and white blood cells 
are separated,  and the white cells are placed in beakers 
with nutrients. A virus is introduced to the white cell cul- 
tures which then produce the interferon. A centrifuge is 
used to separate the interferon from the white cells. The  
process is carried out in a small refr igerated room isolated 
from other areas by insulated metal panel walls and ceiling. 

In the early afternoon, an employee stabilized a mag- 
netic stirring rod which had been banging the side of one 
of the glass beakers. 

Minutes later, personnel noticed smoke and fire within the 
refrigerated room and immediately extinguished the fires 
with extinguishers. The fire department  also was notified. 

Alcohol spilling onto the electrical parts of the magnetic 
stirrer caused the fire. The  spilling was caused by inade- 
quate supervision of the magnetic stirrer. 

The fire resulted in $235,000 in direct p roper ty  damage 
and an additional $40,000 in business interruption.  Metal 
walls and ceiling panels, some laboratory equipment,  and 
an unknown quantity of interferon were destroyed or dam- 
aged in the fire. 

There  were no automatic detection or suppression sys- 
tems in the building. There  were manual pull stations and 
portable extinguishers. 

Tissue Processor Fire. Opera ted  24 hours per  day, but  
unat tended from 11 p.m. to 7 a.m., a tissue processor was 
suspected of  causing $200,000 damage because the inci- 
dent  occurred after 11 p.m. and there were no detectors or 
automat ic  ex t inguish ing  equ ipmen t  in the laboratory .  
Flammable liquids in glass containers stored in an open 
shelf below the equipment  contr ibuted to the intensity of 
the fire. 

Aside from damage to the laboratory, electrical cables in 
the corr idor  near the incident shorted and caused power 
to be in ter rupted  in the hospital. Fire doors closed, but the 
fire alarm was not sounded.  

Hot Plate Fires. Acetone, being poured  at the sink in a 
patient t reatment  lab, was ignited by a nearby hot plate 
that had just  been turned off. The  technician d ropped  the 
container, which was metal and which, fortunately, fell in 
an upr ight  position. The  patient was safely evacuated, but 
the fire was intense enough to melt the sweated water pipe 
fittings of the window ventilator. 

Petroleum ether caught fire while a chemist was pour ing 
it in a fume hood from its large glass container - -  presum- 
ably ignited by a nearby hot plate that had recently been 
turned off. He d ropped  the glass container on the floor 
and ran from the room. The  bottle broke; ignition caused 
enough pressure to blow open the lab escape hatch and 
slain the entrance door  shut. 
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Refrigerator Explosion. Eighty ml of  diazomethane dis- 
solved in ether  detonated in a domestic-type refrigerator.  
The  door  blew open, the frame bowed out, and the plastic 
lining ignited, causing a heavy blanket  of  soot to be depos- 
ited far down the adjoining corridor.  (See 10-7.2.5.) 

Pressure Filter Fire. At an eastern hospital pharmacy,  a 
fire-conscious technician p repared  for pressure filtering of  
50 gal (220 L) of  isopropyl alcohol by placing a towel on a 
table adjacent to the pump;  in the event of  fire he p lanned 
to smother  flames of  alcohol inadvertently spilled on his 
person. As he a t tempted  to turn on the pump,  the defec- 
tive switch ignited alcohol on his hands. Instinctively, he 
reached for the towel as he had previously rehearsed in his 
mind but, in doing so, he t r ipped over the hose that was 
conduct ing alcohol by gravity from a large open kettle to 
the suction side of  the pump.  The  hose sl ipped from its fit- 
tings, thereby dumping  50 gal (220 L) of  the flaming sol- 
vent onto the floor. He escaped with minor  injuries, but  
the pharmacy was destroyed. 

(Many fires are intensified by an unfortunate  sequence 
of minor  unsafe practices that in themselves seem almost 
too insignificant to worry about.) 

Water Bath Fire. When the thermostat on a water bath 
malfunctioned, the bath overheated, causing the acrylic lid to 
sag and contact the heater elements. A fire resulted. Heater 
equipment should always be protected by overtemperature 
shutoffs. (Based on DuPont Safety News, June  14, 1965.) 

Peroxide Explosion. A distillation appara tus  exp loded  
within a lab fume hood. It was caused by the detonation of 
the residual peroxide.  The  drawn sash prevented  injury, 
al though the electric mantle was torn to shreds. The  inves- 
tigator was using "some isopropyl ether," which had been 
kept in a clear glass bottle. He allowed the distillation to 
continue to dryness. 

Investigators should become more aware of  the nature  
of  e ther  peroxide  formations. Dioxane and ethyl and iso- 
propyl  ethers are the most common offenders. Age, sun- 
light, air space above liquid, and clear glass containers help 
to create these explosive peroxides.  Test  frequently for 
peroxide;  filter out  peroxides  th rough  a column of  80 
mesh Alorco activated alumina, as suggested by Dasler and 
Bauer, Ind. Eng. Chem. Anal., Ed. 18, 52 (1964). Never 
leave distillations unat tended.  

C-10.2 Related Definitions, Laboratories. The following 
definitions are taken from other  NFPA documents  and are 
critical to the unders tanding  of  Chapter  10. 

C-10.2.1t The  following definitions are taken from NFPA 
30, Flammable and Combustible Liquids Code: 

(a) Flammable Liquid. A liquid having a closed cup flash 
point  below 100°F (37.8°C) and having a vapor  pressure 
not exceeding 40 psia (2068 mm Hg) at 100°F (37.8°C) 
shall be known as Class I liquid. 

Class I liquids shall be subdivided as follows: 

1. Class IA shall include those having flash points 
below 73°F (22.8°C) and having a boil ing point  below 
100°F (37.8°C). 

2. Class IB shall include those having flash points 
below 73°F (22.8°C) and having a boiling point  at or  above 
100°F (37.8°C). 

3. Class IC shall include those having flash points at 
or above 73°F (22.8°C) and below 100°F (37.8°C). 

(b) Combustible Liquid. A liquid having a closed cup 
flash point  at or above 100°F (37.8°C). 

Combustible liquids shall be subdivided as follows: 

1. Class II liquids shall include those having flash 
points at or above 100°F (37.8°C) and below 140°F (60°C). 

2. Class I I IA liquids shall include those having flash 
points at or above 140°F (60°C) and below 200°F (93°C). 

3. Class I I IB liquids shall include those having flash 
points at or above 200°F (93°C). 

C-10.2.2t  The  following definit ion is also taken from 
NFPA 30, Flammable and Combustible Liquids Code: 

(a) The  flash point  of  a liquid having a viscosity less than 
45 SUS at 100°F (37.8°C) and a flash point  below 200°F 
(93.4°C) shall be de te rmined  in accordance with ASTM D 
56-1982, Standard Test Method for Flash Point by the Tag 
Closed Cup Tester. 

(b) The  flash point  of a liquid having a viscosity of 45 
SUS or more at 100°F (37.8°C) or a flash point  of  200°F 
(93.4°C) or  higher  shall be de termined in accordance with 
ASTM D 93-1980, Test Methods for Flash Point by the Pensky- 
Martens Closed Tester. 

C-10.2.3 The  following definitions are based on NFPA 
704, Standard System for the Identification of the Fire Hazards of 
Materials. 

C-10.2.3.1 Health Hazard. A health hazard is any prop-  
erty of a material  that, ei ther directly or  indirectly, can 
cause injury or incapacitation, ei ther temporary  or  perma-  
nent, from exposure  by contact, inhalation, or  ingestion. 

C-10.2.3.1.1 Degrees of Health Hazard. 

4 - -  Materials that on very short  exposure  could cause 
death or major residual injury even though p rompt  medi- 
cal t reatment  was given, including those that are too dan- 
gerous to be approached  without specialized protective 
equipment.  This degree should include: 

(a) Materials that can penetrate  ord inary  rubber  protec- 
tive clothing; 

(b) Materials that under  normal conditions or  under  fire 
conditions give off gases that are extremely hazardous (i.e., 
toxic or corrosive) through inhalation or through contact 
with or  absorption through the skin. 

3 - -  Materials that on short  exposure  could cause seri- 
ous t empora ry  or  residual injury even though p r o m p t  
medical t rea tment  was given, including those requir ing  
protect ion from all bodily contact. This degree  should 
include: 

(a) Materials giving off highly toxic combustion products; 
(b) Materials corrosive to living tissue or toxic by skin 

absorption. 

2 - -  Materials that on intense or continued exposure  
could cause temporary  incapacitation or possible residual 
injury unless p rompt  medical t reatment  was given, includ- 
ing those requir ing use of respiratory protective equip- 
ment  with independen t  air supply. This degree  should 
include: 

(a) Materials giving off toxic combustion products; 
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(b) Materials giving off highly i r r i ta t ing combust ion 
products;  

(c) Materials that ei ther  under  normal  condit ions or  
under  fire conditions give off toxic vapors lacking warning 
properties.  

1 -- Materials that on exposure would cause irritation 
but  only minor  residual  injury even if no t rea tment  is 
given, including those that require use of  an approved 
canister-type gas mask. This degree should include: 

(a) Materials that under  fire conditions would give off 
irri tating combustion products;  

(b) Materials that on the skin could cause irritation with- 
out destruction of  tissue. 

0 - -  Materials that on exposure  under  fire conditions 
would offer no hazard beyond that of ordinary  combustible 
material. 

C-10.2.3.2 Flammability Hazard. Flammability describes 
the degree of susceptibility of materials to burning. The  
form or condition of  the material, as well as its inherent  
properties,  affects its flammability. 

C-10.2.3.2.1 Degree of  Flammability Hazard. 

4 - -  Materials that will rapidly or completely vaporize at 
atmospheric pressure and normal ambient  tempera ture  or 
that are readily dispersed in air and that will burn readily. 
This degree should include: 

(a) Gases; 
(b) Cryogenic materials; 
(c) Any liquid or gaseous material that is a liquid while 

u n d e r  p ressu re  and  having a flash po in t  below 73°F 
(22.8°C) and having a boiling point below 100°F (37.8°C) 
(Class IA flammable liquids). 

(d) Materials that on account of their  physical form or 
envi ronmenta l  condit ions can form explosive mixtures  
with air and that are readily dispersed in air, such as dusts 
of  combustible solids and mists of flammable or combusti- 
ble liquid droplets.  

3 - -  Liquids and solids that can be ignited under  almost 
all ambien t  t e m p e r a t u r e  condi t ions .  Materials  in this 
degree  produce  hazardous a tmospheres  with air under  
almost all ambient  temperatures  or, though unaffected by 
ambient  temperatures ,  are readily ignited under  almost all 
conditions. This degree should include: 

(a) Liquids having a flash point below 73°F (22.8°C) and 
having a boiling point  at or above 100°F (37.8°C) and those 
liquids having a flash point  at or above 73°F (22.8°C) and 
below 100°F (37.8°C) (Class IB and Class IC flammable liq- 
uids); 

(b) Solid materials in the form of coarse dusts that may 
burn  rapidly but  that general ly do not form explosive 
atmospheres with air; 

(c) Solid materials in a fibrous or shredded  form that 
may burn rapidly and create flash fire hazards, such as cot- 
ton, sisal, and hemp; 

(d) Materials that burn with ext reme rapidity, usually by 
reason of self-contained oxygen (e.g., dry nitrocellulose 
and many organic peroxides); 

(e) Materials that ignite spontaneously when exposed to 
air. 

2 - -  Materials  that  must  be mode ra t e ly  hea ted  or  
exposed to relatively high ambient  temperatures  before 

ignition can occur. Materials in this degree  would not  
unde r  normal  condit ions form hazardous  a tmospheres  
with air, but  under  high ambient  temperatures  or under  
moderate  heating may release vapor in sufficient quantities 
to produce hazardous atmospheres with air. This degree 
should include: 

(a) Liquids having a flash point above IO0°F (37.8°C), 
but  not exceeding 200°F (93.3°C); 

(b) Solids and semisolids that readily give off flammable 
vapors. 

1 - -  Materials that must be preheated before ignition 
can occur. Materials in this degree require considerable 
preheat ing,  under  all ambient  t empera tu re  condit ions,  
before ignition and combustion can occur. This degree  
should include: 

(a) Materials that will burn in air when exposed to a 
tempera ture  of  1500°F (816°C) for a per iod of 5 minutes or 
less; 

(b) Liquids, solids, and semisolids having a flash point  
above 200°F (93.3°C). This degree includes most ordinary  
combustible materials. 

0 - -  Materials that will not burn. This degree should 
include any material that will not burn in air when exposed 
to a temperature of 1500°F (816°C) for a period of 5 minutes. 

C-10.2.3.3 Reactivity (Instability) Hazards. Reactivity 
describes the ability of a material to chemically react with 
other stable or unstable materials. For purposes of this haz- 
ard identification system, the other material is water, if reac- 
tion with water releases energy. Reactions with common 
materials other than water can release energy violently, but 
are beyond the scope of this identification system. 

Unstable materials are those that, in the pure  state or  as 
c o m m e r c i a l l y  p r o d u c e d ,  will v igorous ly  p o l y m e r i z e ,  
decompose,  or condense, become self-reactive, or undergo  
other  violent chemical changes. 

Stable materials are those that normally have the capac- 
ity to resist changes in their chemical composition, despite 
exposure to air, water, and heat encountered in fire emer- 
gencies. 

C-10.2.3.3.1 Degree of  Reactivity (Instability) Hazard. 

4 - -  Materials that in themselves are readily capable of 
de tonat ion  or  of  explosive decomposi t ion or  explosive 
react ion at normal  t e m p e r a t u r e s  and pressures .  This  
degree  should  include mater ia ls  that  a re  sensitive to 
mechanical or localized thermal shock at normal tempera-  
tures and pressures. 

3 - -  Materials that in themselves are capable of detona- 
tion or of explosive decomposition or explosive reaction 
but that require a strong initiating source or that must be 
heated under  confinement before initiation. This degree 
should include materials that are sensitive to thermal or 
mechanical shock at elevated temperatures  and pressures 
or that react explosively with water without requiring heat 
or  confinement. 

2 - -  Materials that in themselves are normally unstable 
and readily undergo violent chemical change but do not 
detonate.  This degree should include materials that can 
undergo chemical change with rapid release of energy at 
normal temperatures  and pressures or that can undergo 
violent chemical change at elevated temperatures  and 
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pressures. It should also include those materials that can 
react violently with water or that can form potential ly 
explosive mixtures with water. 

1 --  Materials that in themselves are normally stable, but  
that can become unstable at elevated tempera tures  and 
pressures or that may react with water with some release of  
energy, but not violently. 

0 - -  Materials that in themselves are normally stable, 
even under  fire exposure  conditions, and that are not reac- 
tive with water. 

C-11 Addit ional  Information on Chapter 11. 

Appendix  C-11 consists of  the following: 

C-11.1 General  Considerations; 
C-11.2 Personnel Notification and Recall; 
C-11.3 Special Considerations and Protocols. 

C-11,1 General Considerations.  The basic plan should 
be written broadly,  providing general  but  concise coverage 
of  disaster responsibilities and procedures  for each facility 
depa r tmen t  and provid ing  detai led responsibili t ies and 
procedures  for those functions not normally a part  of reg- 
ular routines, e.g., operat ion of the disaster control center. 
Keyed to the basic plan, the depar tmenta l  annexes of the 
plan then outline individual depar tment  responsibilities in 
greater  detail. Finally, the disaster procedures  for each 
function within each depar tment  are described in terms of  
ac tual  ins t ruc t ions  for ind iv idua l  staff  m e m b e r s  and  
employees.  Individuals  should never  be ment ioned  by 
name in the plan; rather,  responsibilities and procedures  
should be written in terms of job title. The  health care 
occupancy chapters of  NFPA 101, Life Safety Code, are rel- 
evant for review and rehearsals. 

C-11.2 Personnel  Notification and Recall.  Medical staff, 
key personnel,  and other  personnel needed will be notified 
and recalled as required.  In o rder  to relieve switchboard 
congestion, it is desirable to utilize a pyramidal  system to 
recall individuals who are off duty or otherwise out of  the 
facility. Under  the pyramidal  system, an individual who 
has been notified will notify two other  individuals, who in 
turn will each notify two other  individuals, and so on. A 
current  copy of  the notification and recall roster, with cur- 
rent  home and on-call telephone numbers,  will be main- 
tained at the hospital switchboard at all times. In case the 
pyramidal  system is to be utilized, each individual involved 
in the system must maintain a current  copy of  the roster at 
all times, in o rder  that each knows whom they are to notify 
and the telephone numbers concerned. It is essential that 
key personnel  rosters be kept current.  

C-11.3 Special  Considerations and Protocols. 

C-11.3.1 Fire and Exp los ion .  In the event  that  the 
heal th  care facility need not  be comple te ly  evacuated  
immediately,  the actions staff should take when they are 
alerted to a fire are detailed in Chapter  31 of NFPA 101, 
Life Safety Code. 

C-11.3.2 Severe Storm. The warning system operated by 
the National Oceanic and Atmospheric Administrat ion will, 
in most cases, provide adequate time to permit  the health 
care facility to take certain precautions,  and if disaster 
appears  inevitable, to activate the Health Care Disaster 
Plan in advance of the disaster event. Assuming evacuation 
is not feasible, some precautions include the following: 

(a) Draw all shades and close all drapes  as protection 
against shattering glass. 

(b) Lower all patient beds to the low position, wherever 
possible. 

(c) Place blankets on patients/residents. 
(d) Close all doors and windows. 
(e) Bring indoors those lawn objects that could become 

missiles. 
(f) Remove all articles from window ledges. 
(g) Relocate patients/residents to windowless hallways or 

rooms. 

C-11.3.3 Evacuation. Evacuation can be partial or  total. 
It might involve moving from one story to another,  one 
lateral section or wing to another,  or moving out of the 
structure. Even partial evacuations can involve all catego- 
ries of patients; where these are people who would not 
rout inely  be moved, ex t r ao rd ina ry  measures  might  be 
required to suppor t  life. It is also necessary to ensure 
movement  of  supplies in conjunction with any evacuation. 
Decisions to evacuate might be made as a result of internal 
problems or under  menace of engulfing external threats. 
In all cases, the following considerations govern: 

(a) Move to pre-designated areas, whether in the facility, 
nearby, or in remote zones. Evacuation directives will nor- 
mally indicate destinations. 

NOTE: It is recommended to predesign a mutual aid 
evacuation plan with other health care facilities in the com- 
munity. 

(b) Ensure movement  of equipment,  supplies, and med- 
ical records to accompany or meet patients and staff in the 
new location. 

(c) Execute p rede te rmined  staffing plans. Some staffwill 
accompany patients; others will rendezvous in the new 
location. Maintenance of shifts is more complex than nor- 
mal, especially when (1) some hard-to-move patients stay 
behind in the threatened location, and (2) staff might be 
separated from their own relocated families. 

(d) Protection of  patients and staff (during and after 
movement)  against the threatening environment  must be 
provided.  

(e) P lanning  must  cons ider  t r anspor t a t ion  a r r ange -  
ments and patient tracking. 

C-11.3.4 High  Profile Person Admiss ion.  Admission of  a 
high profile person to a health care facility in an emer-  
gency creates two sets of  problems, which might require 
partial activation of the Health Care Disaster Plan. These 
problems are: 

C-11.3.4.1 Security.  Provision of security forces in this 
situation will normally be a responsibility of the U.S. Secret 
Service or  other  governmental  agency. However, activation 
of facility security forces might  be required to prevent  
hordes of  curious onlookers from enter ing facility work 
areas and interfering with routine facility functioning. Rou- 
tine visiting privileges and routine visiting hours might 
need to be suspended in parts of the facility. 

C-11.3.4.2 Reception o f  News Media. The news media 
reception plans will need to be activated. In this instance, 
additional communications to the news reception center 
will be required.  Additional telephones and telephone lines 
can be installed on an emergency basis on request to the 
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local telephone company. Such requests for additional tele- 
phone  connections in the facility should, however, first be 
coordinated with the senior Secret Service officer or gov- 
ernmental  representat ive accompanying the dignitary. 

C-11.3.5 Other Protocols  as Deemed Desirable. In addi- 
tion to the above, there should follow a number  of addi- 
tional protocols for internal disasters, to be de termined by 
the geographical  location of  the individual  health care 
facility, e.g., natural  disasters, civil disturbance protocol, 
bomb threat  protocol, hazardous material protocol, loss of  
central services (power, water, and gas). 

C-11.3.6 Activation of  Emergency Util ity Resources.  In 
the planning phase, backup utility resources will have been 
stockpiled and ar rangements  made for mutual  aid when 
required.  Such utilities include electrical power, water, and 
fuel. Through prior  coordinat ion with the local office of 
emergency preparedness  or fire depar tment ,  mobile gen- 
erators and auxiliary pumps can be obtained in the inter- 
nal d i sas te r  s i tua t ion ,  T h r o u g h  these  same sources  
arrangements  could be made to supply water tank trucks. 
Obviously, such planning is in addit ion to routine plan- 
ning, in which all health care facilities maintain emergency 
electrical power plants and, in those areas requir ing central 
heating in winter, backup supplies of oil, coal, or gas. Pri- 
orities for use of available power (e.g., air circulation but  
not  air  condi t ioning)  must  be de t e rmined .  Sani ta t ion 
requirements can become overr iding in prolonged disas- 
ters, and even an ordinary  strike by garbage collectors can 
cause difficulties. 

C-11.3.7 Civi l  D i s tu rbance .  Large-scale  civil d is tur -  
bances in recent years have shown that health care facilities 
and their personnel  are not immune to the direct effects of 
human violence in such disturbances. Hospitals in large 
urban areas must make special provisions in their disaster 
plans to ensure the physical safety of  their employees in 
transit  from the hospital exit to and from a secure means 
of  t ransportat ion to their  homes. In extreme cases it might 
be necessary to house employees within the health care 
facility itself dur ing  such civil disturbances. Examples of 
direct attacks or sniping are extremely rare. 

Another  aspect of  civil disturbances not to be overlooked 
in facility security planning is the possibility that a given 
health care facility might have to admit  and treat large 
numbers  of prisoners dur ing  such emergencies; however, 
security guards for such patients will normally be provided 
by the local police depar tment .  

C-11.3.8 Bomb Threats. The disaster potential inherent  
in the te lephoned bomb threat warrants inclusion of this 
disaster contingency in the Health Care Disaster Plan. 
Experience has shown that facility personnel  must accom- 
pany police or military bomb demoli t ion personnel  in 
searching for the suspected bomb, since speed is of  the 
essence and only individuals familiar with a given area can 
rapidly spot unfamiliar or suspicious objects or condition 
in the area. This is particularly true in health care facilities. 
The  facility switchboard opera tor  must be provided with a 
checklist to be kept available at all times, in o rder  to obtain 
as much information as possible from the caller concerning 
location of the supposed bomb, time of  detonation,  and 
other  essential data, which must be considered in deciding 
whether  or not to evacuate all or part  of the facility. 

C-11.3.9 Radioactive Contamination. Disaster planning 
must consider the possibility of radioactive materials being 
released from nuclear reactors or t ransportat ion accidents, 
as well as from in terna l  spills. These  incidents  could  
require that health care staff and patients be sheltered. 
Shelter areas can be selected in existing structures and 
should be planned for dur ing  the design of new facilities or  
additions.  Similarly, plans must also consider radiat ion 
dose control and decontamination of victims or staff per-  
sonnel and public safety in connection with nuclear acci- 
dents or incidents such as reactor excursions. 

C-11.3.10 Hazardous Materials. There  are at least three 
major sources of  concern with regard to non-radioactive 
hazardous materials. The  first is the possibility of  a large 
spill or venting of hazardous materials near the facility; this 
is especially likely near  major rail or truck shipping routes, 
near  pipelines, or near heavy manufacturing plants. Sec- 
ond, every facility contains within its boundaries  varying 
amounts of such materials, especially in the laboratory and 
custodial areas. A spill of a highly volatile chemical can 
quickly contaminate an entire structure by way of the air 
ducts. Finally, contaminated patients can pose a risk to 
staff, though on a more localized basis. Usually removal of 
their clothing will reduce the risk materially. In any case, 
staff must be p repared  to seek advice on unknown hazards. 
This type of advice is not usually available from poison 
centers ,  bu t  r a t h e r  f rom a cen t ra l  r e fe r ra l ,  such as 
CHEMTREC, and its toll-free emergency information ser- 
vice number  (800-424-9300). 

C-11.3.I1 Volcanic Eruptions, While most of the direct 
effects of a volcanic erupt ion are covered in other  protocols 
for disasters (fire, explosion, etc.), it is necessary to make 
special provisions for functioning in areas of heavy to mod- 
erate ash fall. This hazard can exist hundreds  of miles 
downwind from the eruption.  

Volcanic "ash" is actually finely pulverized rock blown 
out of the volcano. Outside the area of direct damage,  the 
ash varies from a fine powder  to a coarse sand. General  
housekeeping measures can exclude much ash. It should 
be noted, however, that people move about freely dur ing  
and after ash fall. 

Ash fall presents four problems for health care facilities: 

1. People require cleanup (brushing, vacuuming) before 
enter ing the building. 

2. Electromechanical and automotive equipment  and 
air-filtering systems require  special care because of  the 
highly abrasive and fine penetrat ion nature of the ash. 

3. Increased flow of patients with respiratory complaints 
can be expected. 

4. Eye protection is required for people who must be 
out in the dust. (No contact lenses should be worn; goggles 
a re  sugges ted . )  Dust  masks are  avai lable .  They  are  
approved by the National Institute for Occupational Safety 
and Health (NIOSH), and are marked TC-21 plus other  
digits. 

C-12 Additional Information on Chapter 12. 

Appendix  C-12 consists of the following: 

C-12.1 Nature of Hazards, Anesthetizing Locations; 

C-12.2 Related Hazards and Safeguards, Anesthetizing 
Locations; 

1996 Edition 



99-164 HEALTH CARE FACILITIES 

C-12.3 Text of Suggested Signs and Posters for Inhala- 
tion Anesthetizing Locations; 

C-12.4 Suggested Procedures in Event of a Fire or 
Explosion, Anesthetizing Locations; 

C-12.5 Cylinder Table. 

C-12.1 Nature of Hazards, Anesthetizing Locations. 

C - I 2 . I . I  Genera l .  The  e n v i r o n m e n t  of the m o d e r n  
operating room poses numerous hazards, even in those 
rooms in which flammable agents are prohibited. 

C-12.1.2 Hazards Present in All Anesthetizing Locations. 

C-12.1.2.1 Electric Shock and Spark Hazards -- High- 
Frequency Burn. 

C-12.1.2.1.1 When a human  body becomes the connect- 
ing link between two points of an electric system that are at 
different electric potentials, the person is likely to suffer an 
electric shock or high-frequency burns. When there is a 
highly conductive pathway from outside the body to the 
heart or great vessels, small electric currents could cause 
ventricular fibrillation. I f a  conductive material bridges two 
points of an electric system that are different electric poten- 
tials, the contact is likely to create a spark or an arc and 
intense heating of one or more of the conductors involved. 

C°12.1.2.1.2 Electric equipment  that is defective or faulty 
grounded produces a definite shock hazard if connected to 
conventional grounded electric circuits and employed in 
the presence of purposely conductive flooring, as installed 
in corridors adjacent to operating rooms, or wet flooring as 
might be encountered in sterilizing or scrub rooms dur ing 
use. 

C-12.1.2.1.3 Improper use of the high-frequency electro- 
surgical unit, alone or in combination with certain items of 
medical monitoring equipment,  can cause serious high- 
frequency burns to the patient or to personnel. (See Annex 1, 
Safe Use of High-Frequency Electricity in Health Care Facilities.) 

C-12.1.2.2 Toxicologic Hazards. 

C-12-1.2.2.1 The use of some modern nonflammable inha- 
lation anesthetic agents with high-flow techniques and in the 
absence of venting of the exhaled gases to the atmosphere 
can create low-grade toxicity in personnel who work regu- 
larly in the operating room (see Appendix A-5-4.1). 

C-12.1.2.3 Mechanical Hazards. 

C-12.1.2.3.1 A large amount  of energy is stored in a cyl- 
inder 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 can be discharged with 
sufficient force to impart dangerous reactive movement to 
the cylinder. 

C-12.1.2.3.2 A hazard exists when hospital personnel  
attempt to transfer the contents of one compressed gas cyl- 
inder into another. 

C-12.1.3 Hazards Related to the Use of Flammable 
Substances. 

C-12.I.3.1 Flammable Anesthetic Agents. 

C-12.1.3.1.1 The use of flammable anesthetic agents is 
attended by considerable fire and explosion risk because 
these agents form flammable mixtures with air, oxygen, or 
nitrous oxide. In many cases, these mixtures are violently 

explosive. Fatal accidents have resulted from explosions of 
such mixtures dur ing anesthesia. 

C-12.1.3.1.2 The following inhalation agents are consid- 
ered flammable during conditions of clinical use in anesthe- 
sia: cyclopropane, diethyl ether, ethyl chloride, and ethylene. 

The flammability of a compound can be reduced by sub- 
stitution of a halogen (fluorine, chlorine, or bromine) for 
hydrogen at one or more positions in the molecular struc- 
ture. Several inhalational anesthetics are thus halogenated. 
Halogenated agents are not necessarily nonf lammable  
under  all conditions. 

Conflicting reports in the literature as to flammability 
limits probably represent differences in experimental tech- 
niques. Both the nature of the source of ignition and the 
configuration of the test chamber are critical. Some agents 
can be ignited only under  optimal conditions never dupli- 
cated in clinical anesthesia. In one study, ignition of chlo- 
roform in oxygen could be obtained only in a closed steel 
bomb with a fuse producing an ignition temperature of 
2000°C to 3000°C (1093°F to 1649°F) and with a chloro- 
form concentration of 20 percent to 25 percent. ~ 

Trichloroethylene, used in concentrations higher than 
recommended,  is flammable in oxygen and nitrous oxide. 
Methoxyflurane is nonflammable in concentrations obtain- 
able at room temperature; however, a heated vaporizer 
can produce flammable mixtures. 

Halothane, enflurane, and isoflurane are nonflammable 
under  almost all conditions encountered in clinical anes- 
thesia. High concentrations of nitrous oxide increase the 
range of flammability. Given laboratory conditions employ- 
ing a closed tube, zero humidity, and sufficient ignition 
energy (far greater than that obtainable from incidental 
static electricity) it is possible to ignite a mixture of 4.75 
percent halothane in 30 percent oxygen provided the bal- 
ance of the atmosphere is nitrous oxide. If the oxygen con- 
centration in a mixture with nitrous oxide is allowed to fall 
to 20 percent, 3.25 percent halothane is flammable. In 
these same nitrous oxide-oxygen atmospheres, the corre- 
sponding minimal flammable concentrations of enflurane 
are 5.75 percent and 4.25 percent, respectively, and of iso- 
fluorane, 7.0 percent and 5.25 percent. 2 

The  fact that ha lothane has for years been widely 
employed without significant problems relating to flamma- 
bility suggests that the data in the preceding paragraph are 
of more theoretical than practical concern. 

C-12.1.3.1.3 The use of closed rebreathing systems for 
the administration of flammable anesthetic agents normally 
tends to restrict the region likely to be hazardous. To 
secure a reasonable measure of protection, however, it has 
been found necessary to apply certain basic safeguards in 
any room in which these agents are used. 

C-12.1.3.2 Flammable Medicaments, Including Aerosol 
Products. 

C-12.1.3.2.1 Medicaments, including those dispersed as 
aerosols, frequently are used in anesthetizing locations for 

i Brown, T. A. and Morris, G. The ignition risk with mixtures of 
oxygen and nitrous oxide with halothane. Brit. J. Anaesth. 38:164- 
173, 1966. 

.2 Cruice, M. S. Lower explosion limits of three anesthetics in mix- 
tures of oxygen and nitrous oxide. Hazards Research Corp. Report 
3296 to Ohio Medical Products, Madison, Wisconsin, 5 March 1974. 
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germicidal purposes, for affixing plastic surgical drape 
materials, for preparation of  wound dressings, or for other 
purposes. 

C-12.1.3.2.2 A particular hazard is created if cautery or 
high-frequency electrosurgical equipment is employed fol- 
lowing use of a flammable medicament for preparation of 
the skin (see Appendix C-12.1.3.2.1), since the liquid remain- 
ing on the skin or vapors pocketed within the surgical 
drapes can be ignited. 

C-12.1.3.3 Sources of  Ignition. 

C-12.1.3.3.1 Potential sources of ignition of  flammable 
anesthetics in anesthetizing.locations include the following: 
(a) fixed electric equipment, (b) portable electric equip- 
ment, (c) accumulation of static electricity, (d) electrosurgi- 
cal equipment, and (e) open flames and heated objects 
above the ignition temperature of the flammable gases in 
use. Other  potential sources of ignition are percussion 
sparks, ignition of oxidizing and flammable gases from 
accidental mixing under  pressure (8-3.1.8), and ignition 
from improper handling of oxygen cylinders [4-3.5.2.1 (b)]. 

The Technical Committee on Anesthesia Services is cog- 
nizant of  suggestions that the detonation of ether perox- 
ides formed by the oxidation of  ether over a period of time 
can be a cause of explosions in anesthesia machines. Fre- 
quent emptying of  the ether bottle and cleaning of  the 
ether evaporator inside anesthetizing locations is a simple 
and desirable precaution. 

Many types of hospital construction afford reasonable 
protection against lightning hazards. However, because of  
the storage and use of combustible anesthetic agents, the 
increased protection offered by the installation of lightning 
rods might be desirable for some types of  buildings, partic- 
ularly those of wood (frame) construction in outlying areas. 
Lightning protection,if installed, should conform to the 
requirements of  NFPA 780, Standard for the Installation of 
Lightning Protection Systems. 

C-12.1.3.3,2 Experience indicates that the ignition of  
flammable mixtures by electrostatic spark is a great hazard. 
Electrostatic charges can accumulate on personnel and 
metallic equipment. Electrostatic charges can set up dan- 
gerous potential differences only when separated by mate- 
rials that are electrically nonconducting. Such insulators 
act as barriers to the free movement of  such charges, pre- 
venting the equalization of potential differences. A spark 
discharge can take place only when there is no other avail- 
able path of  greater conductivity by which this equalization 
can be affected. Such a spark can ignite a flammable mix- 
ture of  gases. 

C-12.1.3.3.3 In many cases, the hazards of electric shock 
and electrostatic discharge coexist. Measures to mitigate 
one hazard might enhance the other, however. It is neces- 
sary, therefore, to weigh both hazards in recommending 
precautionary measures for either. 

C-12.1.3.3.4 An obvious and, hence, less frequent cause 
of the ignition of flammable anesthetic agents is by open 
flame or hot materials at or above the ignition temperature 
of the agents. The lowest ignition temperature in air of any 
of  the  anes the t i c  agen t s  m e n t i o n e d  in A p p e n d i x  
C-12.1.3.1.2 is that of diethyl ether: 180°C (365°F). The 
most effective safeguard against this source of ignition is a 
constant vigilance on the part of the operating room per- 

sonnel to prevent the introduction of sources of flames and 
hot objects into the anesthetizing locations (see 12-4.1.2.3). 

C-12,1,4 Hazards that Can Be Present in Nonflammable 
Anesthetizing Locations. 

C-12.1,4.1 Electrostatic Hazard. 

C-12.1.4.1.1 Conductive flooring is not a requirement for 
nonflammable anesthetizing locations. The uncontrolled 
use of static-producing materials in such locations, how- 
ever, can lead to: 

(a) Electrostatic discharge through sensitive components 
of electronic equipment, causing equipment failure; 

(b) Inadvertent  use of  these materials in flammable 
anesthetizing locations where mixed facilities exist (see defi- 
nition of mixed facility in Chapter 2); 

(c) Impaired efficiency because of electrostatic clinging; 
or 

(d) The involuntary movement of personnel subject to 
electrostatic discharges. 

C-12,I,4.2 Hazard of  Flammable Substances. 

C-12.1.4.2.1 Nonflammable anesthetizing locations are 
neither designed nor equipped for the use of any flamma- 
ble substances, be they inhalation anesthetic agents or 
medicaments containing benzene, acetone, or the like. A 
hazardous situation is created any time any such flammable 
substance is inadvertently or intentionally introduced into 
a nonflammable anesthetizing location (see also Appendix 
C-12.1.3.2). 

C-12.1.5 Hazards that Can Be Present in Mixed Facilities. 

C-12.1.5.1 Mixed facilities contain both flammable and 
nonflammable anesthetizing locations. Movable furniture, 
portable equipment, and conductive accessories intended 
for sole use in nonflammable anesthetizing locations might 
be introduced inadvertently into a flammable anesthetizing 
location, with the attendant dangers of ignition of flamma- 
ble gas mixtures from electrical or electrostatic sparks. 

C-12.1.5.2 Personnel working in mixed facilities might 
not take the proper precautions in reference to wearing 
apparel and the use of conductive grounding devices when 
entering flammable anesthetizing locations. 

C-12.1.5.3 A particular hazard exists if regulations [see 
Appendix C-12.3, Set (3)] are not adopted, posted, and com- 
plied with or if the anesthetizing locations are not identi- 
fied as noted in 12-4.1.4.2, 12-4.1.4.3, and 12-4.1.5.5(a) 
and (b). 

C-12.2 Related Hazards and Safeguards, Anesthetizing 
Locations. 

C-12.2.1 General. 

C-12.2.1.1 The gas anesthesia apparatus and anesthetic 
ventilators constitute essential items (in most cases) for the 
administration of  inhalation anesthesia. The safe use of 
these devices is predicated upon their cleanliness and 
proper  function, as well as an unders tanding of  their 
proper operation, maintenance, and repair. 

C-12.2.2 Selection of  a Gas Anesthesia Apparatus. 

C-12.2.2.1 The individual selecting a gas anesthesia appa- 
ratus, either for initial purchase or for application in a 
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given case, should be certain that the apparatus is the 
proper one for the given application or applications and 
that it is in good repair. See C-12.2.3, Suggested Method 
for Ensur ing  Proper Delivery of Oxygen and Nitrous 
Oxide; C-12.2.4, Disposable Masks, Bags, Tubing,  and Bel- 
lows; and,C-12.2.5, Decontamination and Routine Clean- 
ing of Reusable Items. 

C-12.2.3 Suggested Method for Ensuring Proper Delivery 
of Oxygen and Nitrous Oxide. 

C-12.2.3.1 This method is r ecommended  to prevent  
delivery of a gas different from that indicated by the flow- 
meters and to detect mixing of gases inside the machine 
that can result in delivery of dangerous gas mixtures to the 
patient. The following materials are needed: 

(a) 3 ft (91.5 cm) of anesthesia delivery hose, and 
(b) An accurate oxygen meter, analyzer, or detector [see 

8-5.1.2.1(c)]; this device can be of the paramagnetic, plati- 
num electrode, gas chromatographic, or mass spectrome- 
ter type. 

C-12.2.3.2 Detailed steps of a method of testing anesthe- 
sia machines to assure the absence of hazard due to crossed 
connections between oxygen and nitrous oxide follow. 

C-12.2.3.2.1 Premises. 

(a) It is reasonable to conclude that no hazardous cross- 
connections or cross-leakages are present if gas from the 
only source available is delivered by only those valves 
intended for that gas, and that no gas is delivered by those 
valves when their intended source is unavailable, but other 
sources are available. 

(b) It is not necessary to know the composition of a gas 
in order to determine the extent of the circuit it supplies. 

(c) The operation of the oxygen circuit is independent ,  
but the operation of some or all of the other circuits might 
be at least partially dependent  on the operability of the 
oxygen circuit, e.g., fail-safe valves. 

C-12.2.3.2.2 Method. 

All anesthesia machines have at least one source of oxy- 
gen. This can be a large cylinder, one or two small cylin- 
ders, or a pipeline supply. Some machines have two such 
sources, and a very few have all three. Each should be 
tested separately. Proceed as follows: 

(a) Disconnect all gas sources and open all needle valves 
and flush valves until all gas has stopped flowing from the 
machine outlet. Then  close all needle valves and flush 
valves. Be certain that all cylinder pressure gauges read 
zero. Connect an oxygen cylinder to an oxygen hanger 
yokeand open the cylinder valve. Pressure must rise in the 
corresponding oxygen pressure gauge only. Close the cyl- 
inder valve. 

(b) Repeat step (a) exactly for each oxygen hanger yoke, 
including any fed by high-pressure lines from large cylin- 
ders. Leave the cylinder in the last hanger yoke tested, 
with the cylinder valve open. 

(c) Open in succession and leave open all the needle valves 
for gases other than oxygen. Briefly open any flush valve for 
a gas other than oxygen. No flow should occur at the 
machine outlet. An easy way to test for gas flow is to simply 
place the machine outlet tube in a glass of water and observe 
bubbling. Stand clear when flush valves are operated. 

(d) Open and close in succession each of the oxygen 
needle valves, including any that provide an independent  
source of oxygen for vaporizers, and the oxygen flush 
valve. Flow should occur at the associated flowmeter or the 
machine outlet each time a valve is opened. 

(e) If the machine is equipped for a pipeline oxygen 
supply, close the oxygen clydinder valve and open the oxy- 
gen flush valve. When gas stops flowing at the machine 
outlet, close the flush valve and all needle valves and con- 
nect the oxygen pipeline inlet to an oxygen pipeline outlet 
with the oxygen supply hose. Then  repeat steps (c) and (d). 

(f) Since it is now established that oxygen is delivered to 
the oxygen needle and flush valves, and is not delivered to 
any other needle or flush valve, it remains to be deter- 
mined that oxygen and oxygen alone is also available to 
perform any other function for which it is essential. A valve 
that shuts off the supply of any other gas to the appropri- 
ate needle valve in the event of oxygen supply pressure 
failure, commonly called a "fail-safe" valve, performs such 
a function. It should be tested as follows: 

1. Disconnect the pipeline supply and open the oxy- 
gen flush valve until flow stops at the machine outlet, then 
close the flush valve. Install a cylinder of nitrous oxide in 
one hanger yoke, open the cylinder valve, and note the 
pressure on all cylinder pressure gauges. Only the nitrous 
oxide gauge should show any pressure. 

2. Open in succession and leave open all the needle 
valves for gas other than nitrous oxide. Briefly open any 
flush valve for a gas other than nitrous oxide. No flow 
should occur at the machine outlet, nor at any flowmeter. 

NOTE: An easy way to test for gas flow is to simply place 
the machine outlet tube in a glass of water and observe 
bubbling. Stand clear when flush valves are operated. 

3. Open and close in succession each of the nitrous 
oxide needle valves and nitrous oxide flush valves. If any 
delivers flow, all should do so. 

4. If neither the nitrous oxide needle valves nor  the 
nitrous oxide flush valve deliver flow, open the oxygen cyl- 
inder valve and repeat Steps 2 and 3. Each nitrous oxide 
needle valve and flush valve should deliver flow to the 
machine outlet. 

5. Close the nitrous oxide cylinder valve and open a 
nitrous oxide needle valve until all gas stops flowing, then 
remove the nitrous oxide cylinder and close the needle 
valve. Repeat Steps 1 through 4 using any other nitrous 
oxide yoke. 

6. If the machine is equipped for a pipeline nitrous 
oxide supply, close the nitrous oxide cylinder valve and 
open a nitrous oxide needle valve until all gas stops flow- 
ing, then close all needle valves and flush valves. Connect 
the nitrous oxide pipeline inlet to a nitrous oxide pipeline 
outlet with the nitrous oxide supply hose. Then  repeat 
Steps 2 through 4. 

C-12.2.4 Disposable Masks, Bags, Tubing, and Bellows. 

C-12.2.4.1 It is well recognized that newer technologies 
often lead to the introduction of new equipment  and tech- 
niques, which in turn might lead to new hazards, or the 
potentiation of old ones. For example, the use of dispos- 
able and nondistensible conductive accessories potentiate 
the hazards of excessive airway pressures. These compo- 
nents should be employed only when it is assured that sys- 
tem pressure cannot become excessive. 
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C-12.2.4.1.1 Many plastic items are combustible. Most of  
these materials will emit toxic compounds  when subjected 
to thermal decomposition. Special care must be exercised 
dur ing  storage, use, and disposal of these items in o rder  to 
preclude accidental-ignit ion.  Due consideration must be 
given to on-site storage of trash prior  to removal from the 
operat ing suite. The  presence of these items on the hospi- 
tal premises contributes significantly to the solid waste dis- 
posal problem facing the modern  hospital. 

C-12.2.4.1.2 The Technical Committee on Gas Delivery 
Equipment  recommends  that purchas ing policies of an 
institution, as well as the practices of individual physicians 
and nurses, take into consideration the multiple problems 
posed by plastic items, and limit purchases and use of them 
to those items deemed essential for the p rope r  function of 
the institution. 

C-12.2.5 Decontamination and Routine Cleaning of Reus- 
able Items. 

C-12.2.5.1 Under  certain circumstances, infectious organ- 
isms can be cultured from the breathing passages of  venti- 
lators, anesthesia valves, absorbers, tubing, bags, masks, 
and connectors. Some of these organisms can remain via- 
ble for many days. Although evidence that cross-infection 
from such sources can and does occur is very scanty, it is 
suggested that the user of such equipment  consider imple- 
mentat ion of one of the following methods.  Mechanical 
cleansing with soap and water should precede sterilization. 
Alternative approaches  to routine cleansing include: 

(a) Mechanical cleansing with soap and water, followed 
by air drying in a stream of compressed air; 

(b) Mechanical cleansing with soap and water, followed 
by exposure  to a prepara t ion  such as dialdehyde solution; 

(c) Mechanical cleansing with soap and water, followed 
by ethylene oxide, steam, or dry heat sterilization. 

C-12.2.5.2 Following gross contamination, the step out- 
lined in C-12.2.5.1(b) or C-12.2.5.1(c) should be employed.  

NOTE 1: Whenever ethylene oxide or dialdehyde is used, 
care must be taken to ensure complete removal of residuals. 

NOTE 2: Recommendations for cleansing and sterilization 
supplied by the manufacturer of the item of equipment 
should be followed. 

C-12.2.5.2.1 External contamination of the gas anesthesia 
apparatus,  ventilator, and other equipment  employed on 
and a round  the patient at least at weekly intervals, as well 
as immediately after use in an infectious case, is likewise 
recommended.  

C-12.3 Text of Suggested Signs and Posters for Inhala- 
tion Anesthetizing Locations. 

SET (1) 
REGULATIONS FOR SAFE PRACTICE IN 

NONFLAMMABLE ANESTHETIZING LOCATIONS 

The following rules and regulations have been adopted 
by the medical staff and administration. NFPA 99-1996, 
Subsection 12-4.1, Anesthetizing Locations, shall apply in 
all inhalation anesthetizing locations. 

(Insert Date) (Insert  Name of Hospital Authority) 

The  use or storage of any of the following flammable 
agents or germicides shall be prohibi ted from all operat ing 
rooms, delivery rooms, and other anesthetizing locations in 
this hospital. 

By reason of their chemical composition, these agents 
present  a hazard of fire or explosion: 

cyclopropane ethyl chloride 
diethyl e ther  ethylene 

1. Nonflammable Anesthetizing Location. 

(a) Definition. The term nonflammable anesthetizing 
location shall mean any anesthetizing location designated 
for the exclusive use of nonflammable anesthetizing agents. 

2. Equipment. 

(a) No electrical equipment  except that j udged  by the 
Eng inee r ing  D e p a r t m e n t  of  Hospi ta l  as 
be ing  in compl iance  with NFPA 99-1996, Subsect ion 
12-4.1, Anesthetizing Locations, shall be used in any anes- 
thetizing location. 

(b) When a physician wishes to use his or her  per- 
sonal electrical equipment,  it shall first be inspected by the 
Engineering Depar tment  and, if j udged  to comply with 
NFPA 99-1996, Subsection 12-4.1, Anesthetizing Locations, 
it shall be so labeled. 

(c) Photographic lighting equipment  shall be of the 
totally enclosed type or  so constructed as to prevent  the 
escape of sparks or hot metal particles. 

3. Personnel. 

Smoking shall be limited to dressing rooms and lounges 
with doors leading to the corr idor  closed. 

4. Practice. 

(a) The use or storage of flammable anesthetic agents 
shall be expressly prohibi ted in a nonflammable anesthetiz- 
ing location. 

(b) I f  cautery,  e lec t rosurgery ,  or  a hot  or  arc ing 
device is to be used dur ing an operation,  flammable germi- 
cides or flammable fat solvents shall not be applied for 
preoperat ive preparat ion of the skin. 

(c) A visual (lighted red lamp) or audible warning sig- 
nal from the line isolation monitor  serving an anesthetizing 
loca t ion  indica tes  tha t  the total  h a z a r d  c u r r e n t  has 
exceeded allowable limits. This suggests that one or more 
electrical devices is contributing an excessively low imped-  
ance to ground,  which might constitute a fault that would 
expose the patient or hospital personnel  to an unsafe con- 
dition should an additional fault occur. Briefly and sequen- 
tially unplugging the power cord of each electrical device 
in the location will usually cause the green lamp to light, 
showing that the system has been adequately isolated from 
ground,  when the potentially defective device has been 
unplugged.  The continuing use of such a device, so identi- 
fied, should be questioned, but  not necessarily abandoned.  
At the earliest oppor tuni ty  the device should be inspected 
by the hospital engineer  or other  qualified personnel  and, 
if necessary, repaired or replaced. 

(d) Transpor ta t ion  of patients while an inhalat ion 
anesthetic is being adminis tered  by means of  a mobile 
anesthesia machine shall be prohibi ted,  unless deemed 
essential for the benefit of the patient in the combined 
judgmen t  of the surgeon and anesthesiologist. 
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(e) If, in the combined judgmen t  of the anesthesiolo- 
gist responsible for the administering of the anesthetic and 
the surgeon performing the operation,  the life of the 
patient would be jeopardized by not administering a flam- 
mable anesthetic agent, the following steps shall be taken: 

1. Both surgeon and anesthesiologist involved in the 
case shall attest to the reason for administering a flamma- 
ble anesthetic in a nonflammable anesthetizing location on 
the patient's record and in the operating room register. 

2. The hazard of static sparks shall be reduced by elec- 
trically interconnecting the patient, operating room table, 
anesthesia gas machine, and anesthesiologist by wet sheets 
or other conductive materials. Conductive accessories shall 
be used for the electrically conductive pathways from the 
anesthesia gas machine to the patient. 

3. If cautery, electrosurgery, or electrical equipment  
employing an open spark is to be used dur ing an opera- 
tion, flammable anesthetics shall not be used. Flammable 
germicides or flammable fat solvents shall not be applied 
for the preoperative preparation of the field. 

5. Enforcement.  

It shall be the responsibility of 
(name) 

(an anesthesiologist or other qualified person appointed by 
the hospital authority to act in that capacity) to enforce the 
above regulations. 

C-12.4 Suggested Procedures  in the Event of  a Fire or 
Explosion,  Anesthetizing Locations. 

C-12.4.1 General.  Fires in hospitals pose unique prob- 
lems for hospital personnel, patients, and fire service per- 
sonnel. Hospitals store and use relatively large quantities of 
flammable and combustible substances. Oxygen-enriched 
atmospheres are often employed in medical therapy and 
are utilized routinely dur ing administration of anesthesia. 
The presence of flammable and combustible substances 
and oxygen-enriched atmospheres under  the same roof 
with nonambulatory patients presents an extra-hazardous 
situation. All hospital personnel should unders tand the 
steps to take to save life, preserve limb, and contain smoke 
and/or limit fire until the fire depar tment  arrives. It is rec- 
ommended  that the procedures delineated herein, or sim- 
ilar ones, become a part of the fire safety regulations of 
every hospital. 

C-12.4.2 Steps to Take in the Event of a Fire or Explosion. 

C-12.4.2.1 The following steps, listed in the approximate 
order of their importance, should be taken by all personnel, 
should fire occur. If an explosion occurs, and it is not fol- 
lowed by fire, follow the p rocedu re  ou t l ined  u n d e r  
C-12.4.2.2. If a fire follows an explosion, proceed as follows: 

(a) Remove the immediately exposed patient or patients 
from the site of the fire, if their hair or clothing are not 
burning.  If they are burning,  extinguish the flames (see 
C-12.4.4 and C-12.4.5). 

(b) Sound the fire alarm by whatever mode the hospital 
fire plan provides. 

NOTE: It is assumed that each hospital has a fire plan, 
prepared in consultation with representatives of the local 
fire department. In such a plan, immediate notification of 
the local fire department is essential. 

(c) Close offthe supply of oxygen, nitrous oxide, and air 
to any equipment  involved, if this step can be accomplished 
without injury to personnel (see C-12.4.3). 

(d) Close doors to contain smoke and isolate fire. 
(e) Remove patients threatened by the fire. 
(t) Attempt to extinguish or contain the fire (see 

C-12.4.4). 
(g) Direct the fire fighters to the site of the fire. 
(h) Take whatever steps are necessary to protect or 

evacuate patients in adjacent areas. 

NOTE 1: In the event of a fire in an operating room while 
an operative procedure on an anesthetized patient is in 
progress, it might be necessary to extinguish the fire prior 
to removing the patient from the room. 

NOTE 2: During an operation, it may be more hazardous 
to move patients than to attempt to extinguish or contain 
the fire. The attending physician must determine which 
step would present the lesser hazard -- hurriedly terminat- 
ing an operative procedure or continuing the procedure 
and exposing the members of the operating team and the 
patient to the hazards stemming from the fire. 

C-12.4.2.2 The following steps are recommended in the event 
of an explosion involving inhalation anesthesia apparatus: 

(a) Disconnect the patient from the apparatus; 
(b) Procure a new gas anesthesia apparatus and make 

every effort to save the life of the patient and prevent 
injury to the patient. 

C-12.4.2.3 It is essential that all equipment  involved in a 
fire or explosion by preserved for examinat ion by an 
authority attempting to determine the cause. Additionally, 
pe r t inen t  administrat ive data, inc luding  photographs,  
should be recorded. The report should state: 

(a) Whether wearing apparel of all persons in the room 
at the time of the fire or explosion had to meet the require- 
ments listed in Annex 2; 

(b) Whether  portable equipment ,  low-voltage instru- 
ments, accessories, and furniture had to meet the require- 
ments listed in Annex 2. 

(c) Whether the ventilating system was being operated 
in accordance with 5-4.2 of Chapter 5. 

C-12,4.2.3.1 The area involved, with all involved items in 
place, should be closed off and secured for later examina- 
tion by a responsible authority. 

C-12.4.3 Closing Off Oxygen,  Nitrous Oxide,  and Air 
Supply. 

C-12,4.3.1 In the event of a fire involving equipment  con- 
nected to an oxygen, nitrous oxide, and air station outlet, 
the zone valve supplying that station is to be closed [see 
C-12.4.6.1(a)]. 

C-12.4.3.1.1 Immediately, all patients receiving oxygen 
through the same zone valve must be supplied with indi- 
vidual oxygen cylinders. 

NOTE: Each gas line to an operating room should have 
an individual zone valve (see Section 4-3 in Chapter 4, Gas and 
Vacuum Systems). Thus, closing of all valves to one room 
would not endarjger patients in other rooms. 

C-12.4.3.2 If fire involves apparatus supplied by a cylin- 
der of oxygen, it is desirable to close the cylinder valve, if 
this can be done without injuring personnel. 
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NOTE: Metal components of regulators and valves can 
become excessively hot if exposed to flame. Personnel are 
cautioned not to use their bare hands to effect closure. 

C-12.4.4 Extinguishment or Containment of Fire. 

C-12.4.4.1 Fire or ig inat ing  in or  involving inhalat ion 
anesthesia apparatus  generally involves combustibles such 
as rubber.  Water  or  water-based extinguishing agents are 
most effective in such fires. 

(a) Precautions should be taken if l ine:powered electri- 
cal equipment  is adjacent  to or involved in fire, because of 
the danger  of  electrocution of personnel if streams of water 
contact live circuits. 

(b) Before a t tempting to fight fire with water or a water- 
based extinguishing agent,  electrical apparatus  should be 
disconnected from the supply outlet, or the supply circuit 
deenergized at the circuit panel. 

(c) I f  such deene rg iza t ion  cannot  be accompl ished,  
water should not be employed (see C-12.4.4.3). 

C-12.4.4.2 Fires involving,  or  ad jacen t  to, e lectr ical  
equipment  with live circuits must be fought with extin- 
guishers suitable for "Class C" fires in accordance with 
N FPA 10, Standard for Portable Fire Extinguishers. 

C-12.4.4.3 Fire extinguishers are classified according to 
the type of fire for which each is suited. 

(a) Fires involving ordinary  combustibles such as rub- 
ber, plastic, linen, wool, paper ,  and the like are called 
"Class A" fires. These can be fought with water or  water- 
based extinguishing agents. Hose lines are suitable for this 
purpose.  Portable extinguishers suitable for "Class A" fires 
are identified with the letter A contained in a (if colored) 
green triangle. 

(b) "Class B" fires involve flammable liquids and should 
be fought only with an extinguisher identified by the letter 
B contained in a (if colored) red square. 

(c) "Class C" fires involve electrical equ ipmen t  and 
should be fought only with an extinguisher identified by 
the letter C contained in a (if colored) blue circle. 

(d) Carbon dioxide and some dry chemical extinguish- 
ers are labeled for "Class B" and "Class C" fires. Some dry 
chemical units can be used for all three types (see NFPA I0, 
Standard for Portable Fire Extinguishers, Appendix B). 

C-12.4.5 Protection of Patients and Personnel. 

C-12.4.5.1 Serious and even fatal burns of the skin or 
lungs, from inhaling heated gases, are possible. Thus, it is 
essential that patients be removed from the scene of the 
fire whenever practical. Where an anesthetized patient is 
connected to a burning  piece of equipment,  it might be 
more practical as the initial step to remove the equipment  
and/or  extinguish the fire than to remove the patient. 

C-12.4.5.2 Noxious gases produced by fire constitute a 
threat  to life from asphyxia,  beyond the thermal  burn  
problem. 

Personnel are cautioned not to remain in the fire area 
after  pat ients  are  evacuated,  unless they are  wear ing  
proper  emergency apparatus.  

C-12.4.6 Indoctrination of Personnel. 

C-12.4.6.1 It is highly desirable that personnel  involved 
in the care of patients, including nurses, aides, ward secre- 
taries, and physicians, irrespective of whether  they are 

involved in anesthesia practices, be thoroughly indoctri- 
nated in all aspects of fire safety, including: 

(a) The  location of zone valves of nonflammable medical 
gas systems and the station outlets controlled by each valve; 

(b) The location of electrical service boxes and the areas 
served thereby; 

(c) The  location and p roper  use of  fire extinguishers (see 
C-12.4.4); 

(d) The  recommended  methods and routes for evacuat- 
ing patients (see Chapter  11, Health Care Emergency Pre- 
paredness); 

(e) The  steps involved in carrying out the fire plan of 
the hospital; 

(0 The  location of fire alarm boxes, or knowledge of 
other  methods for summoning the fire depar tment .  

C-12.4.6.2 To ensure that personnel are familiar with the 
procedures  outlined above, regular  instructive sessions and 
fire drills should be held. 

C-12.5 Cyl inder  Table. See Table C-12.5. 

C-13 Additional Information on Chapter 13. 

Appendix  C-13 consists of the following: 
C-13.1 Typical Gas Cylinders, Anesthetizing Locations; 
C-13.2 Text  of Suggested Regulations, Anesthetizing 

Locations. 

C-13.1 Typical Gas Cylinder Table, Anesthetizing Loca- 
tions. (See Table C-12.5.) 

C-13.2 Text of Suggested Regulations for Nonflammable 
Inhalation Anesthetizing Locations and Gas Storage 
Areas in Nonhospital-Based Ambulatory Care Facilities. 

The following rules and regulations have been adopted.  
The  r equ i r emen t s  of  subsect ion 13-4.1, Anesthet iz ing 
Locations, of NFPA 99-1996 shall apply to all anesthetizing 
locations and gas storage areas in this facility. 

The  use of any of the following flammable agents shall 
be prohibi ted from the premises. By reason of their chem- 
ical composition, these agents present  a hazard of  fire or 
explosion: 

cyclopropane fluroxene 
divinyl e ther  ethyl chloride 
ethyl e ther  ethylene 

Smoking shall be limited to those areas of the premises 
not directly connected with the anesthetizing location or 
the location for storage of compressed gas cylinders. 

Compressed  gas cylinders shall be connected to the 
manifold, and otherwise handled and stored, as provided 
in Chapter  13 of NFPA 99-1996. 

Defective electrical equipment  shall not be used on the 
premises. 

Gas pipel ine alarm systems shall be moni tored ,  and 
responsible personnel  notified of any fall in pressure or 
alarm condition. 

C-19 Additional Information on Chapter 19. 

Appendix  C-19 consists of the following: 

C-19.1 Nature of  Hazards; 

C-19.2 Suggested Procedures to Follow in Event of  
Fire in Class A Chambers;  
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T a b l e  C - 1 2 . 5  T y p i c a l  M e d i c a l  G a s  C y l i n d e r s  V o l u m e  a n d  W e i g h t  o f  A v a i l a b l e  C o n t e n t s . *  A l l  V o l u m e s  a t  7 0 ° F  ( 2 1 . 1 ° C ) .  

N a m e  o f  G a s  

N o m i n a l  
V o l u m e  
C u  I n . /  

L i t e r  
C y l i n d e r  S t y l e  
& D i m e n s i o n s  C o n t e n t s  

B 87/ 1.43 psig 
31/2" od x 13" Liters 
8.89 x 33 cm Lbs.-Oz. 

Kilograms 

D 176/ 2.88 psig 
41/2 " od x 17" Liters 
10.8 x 43 cm Lbs.-Oz. 

Kilograms 

E 293/ 4.80 psig 
4114 " od x 26" Liters 
10.8 x 66 cm Lbs-Oz. 

Kilograms 

M 1337/21.9 psig 
7" od x 43" Liters 

17.8 x 109 cm Lbs-Oz. 
Kilograms 

G 2370/38.8 psig 
81/2" od x 51" Liters 

21.6 x 130 cm Lbs-Oz. 
Kilograms 

H or K 2660/43.6 psig 
91/4" od × 51" Liters 
23.5 x 130 cm Lbs-Oz. 

Kilograms 

C a r b o n  C y c l o -  N i t r o u s  
A i r  D i o x i d e  P r o p a n e  H e l i u m  N i t r o g e n  O x i d e  O x y g e n  

838 75 1900 
370 375 200 
1-8 1-71/4 
.68 .66 

1900 838 75 1600 1900 745 1900 
375 940 870 300 370 940 400 
-- 3-13 3-51/2 -- -- 3-13 - -  
- -  1.73 1.51 - -  - -  1 . 7 3  - -  

1 9 0 0  838 1600 1900 745 1900 
625 1590 500 610 1590 660 
- -  6 - 7  - -  - -  6 - 7  - -  
- -  2.92 -- --  2.92 --  

1900 838 1600 2200 7.45 2200 
2850 7570 2260 3200 7570 3450 

- -  3 0 - 1 0  - -  - -  30-10 122 cu ft 
- -  1 3 . 9  - -  - -  1 3 . 9  - -  

1 9 0 0  838 1600 745 
5050 12,300 4000 13,800 

-- 50-0 -- 56-0 
-- 22.7 -- 25.4 

2200 2200 2200 745 2200t 
6550 6000 6400 15,800 6900 

-- --  --  64 244 cu f t  
- -  - -  - -  2 9 . 1  - -  

NOTES: (*) These are computed contents based on nominal cylinder volumes and rounded to no greater variance than 
(**) The pressure and weight of mixed gases will vary according to the composition of the mixture. 
(1") 275 cu ft/7800 liter cylinders at 2490 psig are available upon request. 

C-19.3 S u g g e s t e d  P r o c e d u r e s  to Follow in E v e n t  o f  
Fire in Class B C h a m b e r s ;  

C-19.4 P ressu re  Table .  

C - 1 9 . 1  N a t u r e  o f  H a z a r d s .  

C - 1 9 . 1 . 1  F i r e  a n d  E x p l o s i o n .  

C-19.1.1.1 T h e  o c c u r r e n c e  of  a fire r equ i r e s  the  p r e s e n c e  
o f  combus t ib l e  or  f l a m m a b l e  mater ia ls ,  an  a t m o s p h e r e  con-  
t a i n ing  oxygen  or  o t h e r  ox id iz ing  agent(s) ,  a n d  hea t  o r  
e n e r g y  source  o f  igni t ion .  

NOTE: Certain substances such as acetylenic hydrocar- 
bons can propagate flame in the absence of oxygen. 

C-19.1 .1 .2  U n d e r  h y p e r b a r i c  c o n d i t i o n s  u t i l iz ing  com-  
p r e s sed  air,  t he  par t ia l  p r e s s u r e  of  oxygen  is increased .  
Leakage  o f  oxygen  in to  the  a t m o s p h e r e  of  the  c h a m b e r  
(for e x a m p l e  f r o m  i m p r o p e r  a p p l i c a t i o n  o f  r e s p i r a t o r y  
t h e r a p y  a p p a r a t u s )  can  f u r t h e r  increase  m a r k e d l y  the  oxy- 
gen  par t ia l  p re s su re .  

C-19.1.1.2.1 T h e  f lammabi l i ty  or  combus t ib i l i ty  of  ma te r i -  
als genera l ly  increases  as the  par t ia l  p r e s s u r e  of  oxygen  
increases ,  even  w h e n  the  p e r c e n t a g e  o f  oxygen  in the  gas 
m i x t u r e  r e m a i n s  cons tan t .  Mater ia ls  tha t  a re  n o n f l a m m a -  
ble o r  n o n c o m b u s t i b l e  u n d e r  n o r m a l  a t m o s p h e r i c  condi -  
t ions  can  b e c o m e  f l a m m a b l e  or  com bus t i b l e  u n d e r  such  
c i rcumstances .  

C-19.1.1.3 S o u r c e s  o f  Fuel .  

C-19 .1 .1 .3 .1  Mate r i a l s  t h a t  m i g h t  n o t  ign i t e  in a i r  a t  
a t m o s p h e r i c  p r e s s u r e  or  r equ i r e  relat ively h igh  t e m p e r a -  

-+ 1%. 

M i x t u r e s  o f  
O x y g e n  

H e l i u m  C O  2 

300 400 

500 660 

2260 3000 

4000 5330 

This table reprinted with permission from the Compressed Cas Association, Inc. 

tu res  for  t he i r  ign i t ion  b u t  tha t  b u r n  v igorous ly  in 100 
p e r c e n t  o x y g e n  inc lude ,  bu t  a re  no t  necessar i ly  l imi ted  to: 
t r ic resy l  p h o s p h a t e  ( l ub r i can t ) ;  c e r t a i n  types  o f  f l ame-  
r e s i s t a n t  f ab r i c s ;  s i l i c o n e  r u b b e r ;  p o l y v i n y l  c h l o r i d e ;  
a s b e s t o s - c o n t a i n i n g  p a i n t ;  glass f i b e r - s h e a t h e d  s i l i cone  
r u b b e r - i n s u l a t e d  w i r e ;  p o l y v i n y l  c h l o r i d e - i n s u l a t e d  
asbes tos -covered  wire  a n d  sheet ;  po lyamides ;  epoxy  com-  
p o u n d s ;  a n d  ce r ta in  asbestos  b lankets .  

NOTE: Flammable lubricants are used widely in equip- 
ment designed for conventional use, including shafts, gear 
boxes, pulleys and casters, and threaded joints, which are 
coupled and uncoupled. 

C-19.1.1.3.2 T h e  f lammabi l i ty  o f  ce r t a in  volatile l iquids  
a n d  gases c o n t a i n i n g  c a r b o n  a n d  h y d r o g e n  is well known .  
Haza rds  a n d  sa fegua rds  for t he i r  use  in o x y g e n - e n r i c h e d  
a t m o s p h e r e s  at  a m b i e n t  p r e s s u r e  a re  well d o c u m e n t e d  in 
12-4.1, A n e s t h e t i z i n g  Loca t ions ,  o f  N F P A  99. See also 
NFPA 325, Guide to Fire Hazard Properties of Flammable Liq- 
uids, Cases, and Volatile Solids. 

NOTE: Repeated reference to 12-4.1 is made throughout  
Chapter 19. These references do not imply, and should not 
be construed to mean, that flammable anesthetics can or 
should be employed in or around hyperbaric facilities. 

C-19.1.1.3.3 H u m a n  tissues will b u r n  in an  a t m o s p h e r e  
of  100 p e r c e n t  oxygen .  Body  oils a n d  fats, as well as ha i r ,  
will b u r n  readi ly  u n d e r  such  c i rcumstances .  

C-19.1.1 .3 .4  W h e n  a c o n v e n t i o n a l  loose co t ton  o u t e r g a r -  
m e n t ,  such  as sc rub  suits, dresses ,  a n d  gowns  e m p l o y e d  in 
hospi ta l  o p e r a t i n g  suites, is ign i t ed  in an  a t m o s p h e r e  of  
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pure  oxygen, the garment  will become engulfed in flame 
rapidly and will be totally destroyed within 20 seconds or 
less. 

C-19.1.1.3.4.1 If  such a ga rment  is ignited in a com- 
pressed air a tmosphere ,  the flame spread is increased. 
When oxygen concentration exceeds 23.5 percent  at ele- 
vated total pressure,  flame spread is much more rapid,  and 
at 6 ATA, is comparable  to 95 -+ 5 percent  at 1 ATA. Flame 
spread in air (21 percent  oxygen) is somewhat increased at 
6 ATA, but not to the level of 95 -+ 5 percent  at 1 ATA. 

C-19.1.1.3.4.2 Combustible fabrics have tiny air spaces 
that become filled with oxygen when exposed to oxygen- 
enriched environments.  Once removed to atmospheric air 
(e.g., room air outside the chamber),  the fabric will burn,  if 
ignited, almost as rapidly as if it were still in the oxygen 
environment.  This hazard will remain until the oxygen 
t rapped in the air spaces in the fabric has had time to dif- 
fuse out  and be replaced by air. 

C-19.1.1.3.5 Oil-based or volatile cosmetics (facial creams, 
body oils, hair sprays, and the like) constitute a source of fuel 
that is highly flammable in an oxygen-enriched atmosphere. 

C-19.1.1.4 Sources of Ignition. 

C-19.1.1.4.1 Sources of  ignition that might be encoun- 
tered in a hyperbaric chamber  include, but  are not neces- 
sarily limited to: defective electrical equipment,  including 
failure of high-voltage components  of  radiological or mon- 
i tor ing equipment ;  hea ted  surfaces in b roken  vacuum 
tubes or broken lamps used for general  illumination, spot 
illumination, or i l lumination of diagnostic instruments; the 
hot-wire cautery or high-frequency electrocautery; open or 
arcing switches, including motor  switches; bare defibrilla- 
tor paddles; overheated motors; and electrical thermostats. 

C-19.1.1.4.2 Sources  of  igni t ion that  should  not  be 
encountered  in a hyperbar ic  facility, but  that might be 
introduced by inept  practice, include: lighted matches or 
tobacco, static sparks from improper  use of  personal attire, 
electrical wiring not complying with 19-2.7 of Chapter  19, 
cigarette lighters, and any oil-contaminated materials that 
present  a spontaneous heating hazard. 

C-19.1.1.4.3 In oxygen-enriched atmospheres,  the mini- 
mum energy necessary to ignite flammable or combustible 
materials is reduced in most instances below the energy 
required in atmospheres  of ambient  air. 

C-19.1.2 Mechanical Hazards. 

C-19.1.2.1 General. 

C-19.1.2.1.1 A large amount  of potential energy is stored 
in even a small volume of compressed gas. In hyperbaric 
chambers of moderate  or large size, the potential energy of 
the chamber 's  compressed atmosphere ,  if released sud- 
denly, can produce  devastat ing destruct ion to adjacent  
structures and personnel,  as well as to structures and per- 
sonnel remote from the site of the chamber.  Such sudden 
release could restdt from failure of the vessel structure, its 
parts, or its piping. 

C-19.1.2.1.2 A part icular  hazard can be created if individ- 
uals at tempt to drill, cut, or weld the vessel in a manner  
contrary to ASME Boiler and Pressure Vessel Code. 

C-19.1.2.2 The  restriction on escape and the impedance 
to rescue and fire-fighting efforts posed by the chamber 

create a significant hazard to life in case of fire or other  
emergency. 

C-19.I.2.2.1 A part icular  hazard exists to chamber per- 
sonnel in the event of a fire within the structure housing 
the chamber.  Inability to escape from the chamber  and loss 
of services of the chamber  opera tor  would pose serious 
threats to the lives of all occupants of the chamber.  

C-19.1.2.2.2 All personnel  involved in hyperbaric cham- 
ber operat ion and therapy, including patients and family, 
must be made aware of the risks and hazards involved. Fire 
prevention is essential. Extinguishment of a fire within a 
Class B chamber is impossible. Extinguishment of a fire 
within a Class A chamber  is only possible utilizing equip- 
ment  already installed in such a chamber,  and then often 
only by the efforts of  the occupants of such a chamber  or 
the chamber  operator .  

C-19.1.2.3 The necessity for restricting viewing ports to 
small size limits the vision of chamber operators  and other  
observers, reducing their effectiveness as safety monitors. 

C-19.1.2.4 Containers and enclosures can be subjected to 
collapse or rupture  as a consequence of the changing pres- 
sures  of  the  h y p e r b a r i c  c h a m b e r .  I t ems  c o n t a i n i n g  
entrained gas include, but  are not necessarily limited to: 
ampuls, partially filled syringes, s toppered or capped bot- 
tles, cuffed endotrachael  tubes, and pneumatic  cushions 
employed  for b rea th ing  masks or  aids in pos i t ion ing  
patients. The  rupture  of such containers having combusti- 
ble or flammable liquids would also constitute a severe fire 
or explosion hazard. 

C-19.1.2.4.1 The  sudden collapse of containers from high 
external pressures will result in adiabatic heating of the 
contents. Therefore  the collapse of a container of flamma- 
ble liquid would constitute a severe fire or explosion haz- 
ard both from heating and from a spill of  the liquid. (See 
19-3.1.5.2 and C-19.1.I.3.2.) 

C-19.1.2.5 Other  mechanical hazards relate to the mal- 
function, disruption, or inoperativeness of many s tandard 
items when placed in service under  pressur ized atmo- 
spheres. Hazards that might be encountered in this regard  
are: implosion of il luminating lamps and vacuum tubes; 
overloading of fans driving gas at higher density; and inac- 
curate operat ion of s tandard flowmeters, pressure gauges, 
and pressure-reducing regulators. 

I NOTE: Illuminating lamps or vacuum tubes, which 
implode, or overloaded fans, are sources of ignition. 

C-19.1.3 Pathophysiological, Medical, and Other Related 
Hazards. 

C-19-1.3.1 Exposure of pregnant  chamber  occupants to 
hyperbaric atmospheres might result in fetal risk. 

C-19.I.3.2 Medical hazards that can be encountered rou- 
tinely include compression problems,  ni trogen narcosis, 
oxygen toxicity, and the direct effects of sudden pressure 
changes. 

C-19.1.3.2.1 Inability to equalize pressure differentials 
between nasopharynx (nose) and nasal sinuses or the mid- 
dle ear can result in excruciating pain and might cause 
rupture  of the ea rdrum or hemorrhage  into the ear cavity 
or nasal sinus. 

1996 Edition 


