
  

H1-A5 
Vol. 23  No. 33 

Replaces H1-A4 
Vol. 16  No. 13 

Tubes and Additives for Venous Blood 
Specimen Collection; Approved Standard 
—Fifth Edition 
 
 

This document contains requirements for venous blood collection tubes and additives, 
including technical descriptions of ethylenediaminetetraacetic acid (EDTA), sodium 
citrate, and heparin compounds used in blood collection devices. 
A standard for national application developed through the NCCLS consensus process. 
 

         



NCCLS... 
Serving the World’s Medical Science Community Through Voluntary Consensus 
 
NCCLS is an international, interdisciplinary, nonprofit, 
standards-developing, and educational organization that 
promotes the development and use of voluntary 
consensus standards and guidelines within the healthcare 
community. It is recognized worldwide for the 
application of its unique consensus process in the 
development of standards and guidelines for patient 
testing and related healthcare issues. NCCLS is based on 
the principle that consensus is an effective and cost-
effective way to improve patient testing and healthcare 
services. 

In addition to developing and promoting the use of 
voluntary consensus standards and guidelines, NCCLS 
provides an open and unbiased forum to address critical 
issues affecting the quality of patient testing and health 
care. 

PUBLICATIONS 

An NCCLS document is published as a standard, 
guideline, or committee report. 

Standard  A document developed through the consensus 
process that clearly identifies specific, essential 
requirements for materials, methods, or practices for use 
in an unmodified form. A standard may, in addition, 
contain discretionary elements, which are clearly 
identified. 

Guideline  A document developed through the 
consensus process describing criteria for a general 
operating practice, procedure, or material for voluntary 
use. A guideline may be used as written or modified by 
the user to fit specific needs. 

Report  A document that has not been subjected to 
consensus review and is released by the Board of 
Directors. 

CONSENSUS PROCESS 

The NCCLS voluntary consensus process is a protocol 
establishing formal criteria for: 

• the authorization of a project 

• the development and open review of documents 

• the revision of documents in response to comments 
by users 

• the acceptance of a document as a consensus 
standard or guideline. 

Most NCCLS documents are subject to two levels of 
consensus—“proposed” and “approved.”  Depending on  

 

the need for field evaluation or data collection, documents 
may also be made available for review at an intermediate 
(i.e., “tentative”) consensus level. 

Proposed  An NCCLS consensus document undergoes the 
first stage of review by the healthcare community as a 
proposed standard or guideline. The document should 
receive a wide and thorough technical review, including an 
overall review of its scope, approach, and utility, and a line-
by-line review of its technical and editorial content. 

Tentative A tentative standard or guideline is made 
available for review and comment only when a 
recommended method has a well-defined need for a field 
evaluation or when a recommended protocol requires that 
specific data be collected. It should be reviewed to ensure its 
utility. 

Approved  An approved standard or guideline has achieved 
consensus within the healthcare community. It should be 
reviewed to assess the utility of the final document, to 
ensure attainment of consensus (i.e., that comments on 
earlier versions have been satisfactorily addressed), and to 
identify the need for additional consensus documents. 

NCCLS standards and guidelines represent a consensus 
opinion on good practices and reflect the substantial 
agreement by materially affected, competent, and interested 
parties obtained by following NCCLS’s established 
consensus procedures. Provisions in NCCLS standards and 
guidelines may be more or less stringent than applicable 
regulations. Consequently, conformance to this voluntary 
consensus document does not relieve the user of 
responsibility for compliance with applicable regulations. 

COMMENTS 

The comments of users are essential to the consensus 
process. Anyone may submit a comment, and all comments 
are addressed, according to the consensus process, by the 
NCCLS committee that wrote the document. All comments, 
including those that result in a change to the document when 
published at the next consensus level and those that do not 
result in a change, are responded to by the committee in an 
appendix to the document. Readers are strongly encouraged 
to comment in any form and at any time on any NCCLS 
document. Address comments to the NCCLS Executive 
Offices, 940 West Valley Road, Suite 1400, Wayne, PA 
19087, USA. 

VOLUNTEER PARTICIPATION 

Healthcare professionals in all specialties are urged to 
volunteer for participation in NCCLS projects. Please 
contact the NCCLS Executive Offices for additional 
information on committee participation. 



 

H1-A5 
ISBN 1-56238-519-4 

Volume 23  Number 33                                                                          ISSN 0273-3099 

Tubes and Additives for Venous Blood Specimen Collection; Approved 
Standard—Fifth Edition 
 
Charles F. Arkin, M.D. 
Dennis J. Ernst, M.T.(ASCP) 
Audrey Marlar 
Gary T. Parish 
Diane I. Szamosi, M.A., M.T.(ASCP), SH 
Joan D. Wiseman, M.T.(ASCP), CT  
 
 
Abstract 
 
NCCLS document H1-A5—Tubes and Additives for Venous Blood Specimen Collection; Approved Standard—Fifth Edition is a 
performance standard for manufacturers of venous blood collection tubes and additives and users of venous blood collection 
tubes. H1 addresses requirements for the materials, construction, and labeling of venous blood collection tubes, and it provides 
methods for the evaluation of venous blood collection tube and closure assemblies. Specifications for the additives heparin, 
ethylenediaminetetraacetic acid (EDTA), and sodium citrate are also included. 
 
NCCLS. Tubes and Additives for Venous Blood Specimen Collection; Approved Standard—Fifth Edition. NCCLS document H1-
A5 (ISBN 1-56238-519-4). NCCLS, 940 West Valley Road, Suite 1400, Wayne, Pennsylvania 19087-1898 USA, 2003. 
 

 
 
 
 
 
 

 

         

 
THE NCCLS consensus process, which is the mechanism for moving a document through two or more levels of review by the 
healthcare community, is an ongoing process. Users should expect revised editions of any given document. Because rapid 
changes in technology may affect the procedures, methods, and protocols in a standard or guideline, users should replace 
outdated editions with the current editions of NCCLS documents. Current editions are listed in the NCCLS Catalog, which is 
distributed to member organizations, and to nonmembers on request. If your organization is not a member and would like to 
become one, and to request a copy of the NCCLS Catalog, contact the NCCLS Executive Offices. Telephone: 610.688.0100; 
Fax: 610.688.0700; E-Mail: exoffice@nccls.org; Website: www.nccls.org 



Number 33 NCCLS
 

 ii 

This publication is protected by copyright.  No part of it may be reproduced, stored in a retrieval system, 
transmitted, or made available in any form or by any means (electronic, mechanical, photocopying, 
recording, or otherwise) without prior written permission from NCCLS, except as stated below. 
 
NCCLS hereby grants permission to reproduce limited portions of this publication for use in laboratory 
procedure manuals at a single site, for interlibrary loan, or for use in educational programs provided that 
multiple copies of such reproduction shall include the following notice, be distributed without charge, 
and, in no event, contain more than 20% of the document’s text. 

 
Reproduced with permission, from NCCLS publication H1-A5—Tubes and Additives for 
Venous Blood Specimen Collection; Approved Standard—Fifth Edition (ISBN 1-56238-
519-4).  Copies of the current edition may be obtained from NCCLS, 940 West Valley 
Road, Suite 1400, Wayne, Pennsylvania 19087-1898, USA.        

 
Permission to reproduce or otherwise use the text of this document to an extent that exceeds the 
exemptions granted here or under the Copyright Law must be obtained from NCCLS by written request.  
To request such permission, address inquiries to the Executive Director, NCCLS, 940 West Valley Road, 
Suite 1400, Wayne, Pennsylvania 19087-1898, USA. 
 
Copyright ©2003. The National Committee for Clinical Laboratory Standards.  
 
Suggested Citation 
 
(NCCLS.  Tubes and Additives for Venous Blood Specimen Collection; Approved Standard—Fifth 
Edition. NCCLS document H1-A5 [ISBN 1-56238-519-4].  NCCLS, 940 West Valley Road, Suite 1400, 
Wayne, Pennsylvania 19087-1898 USA, 2003.) 
 
Proposed Standard 
August 1975 
 
Tentative Standard 
August 1976 
 
Approved Standard—First Edition 
August 1977 
 
 

Approved Standard—Second Edition 
January 1980 
 
Approved Standard—Third Edition 
July 1991 
 
Approved Standard—Fourth Edition 
December 1996 
 
Approved Standard—Fifth Edition 

       December 2003 
 
 
ISBN 1-56238-519-4 
ISSN 0273-3099 



Volume 23 H1-A5
 

 iii

Committee Membership 
 
Area Committee on Hematology 
 
Charles F. Arkin, M.D. 
Chairholder  
Lahey Clinic 
Burlington, Massachusetts 
  
Bruce H. Davis, M.D. 
Vice-Chairholder  
Maine Medical Center Research Institute 
Scarborough, Maine 
  
J. David Bessman, M.D.  
University of Texas Medical Branch 
Galveston, Texas 
  
Berend Houwen, M.D., Ph.D.  
Beckman Coulter, Inc. 
Brea, California  
  
Frank M. LaDuca, Ph.D.  
International Technidyne Corporation 
Edison, New Jersey 
  
Ginette Y. Michaud, M.D.  
Center for Devices and Radiologic Health  
Food and Drug Administration 
Rockville, Maryland 
  
Onno W. van Assendelft, M.D., Ph.D. 
Centers for Disease Control and Prevention 
Atlanta, Georgia 
 
 
 
 
 
 

Advisors  
 
Dorothy M. Adcock, M.D.  
Esoterix Coagulation 
Aurora, Colorado 
 
Sheila Clover, CPT(ASCP)(NCA) 
Phlebotomy West 
Brentwood, California 
  
Dennis J. Ernst, M.T.(ASCP) 
Center for Phlebotomy Education 
Ramsey, Indiana 
  
J. Heinrich Joist, M.D., Ph.D. 
St. Louis University Health Sciences 
Center 
St. Louis, Missouri 
  
John A. Koepke, M.D.  
Durham, North Carolina 
  
Francis Lacombe, M.D., Ph.D. 
Hôpital Haut-Lévêque 
Pessac, France 
  
Samuel J. Machin, MB, Ch.B, FRCPath 
The University College London 
Hospitals 
London, United Kingdom 
 
Richard A. Marlar, Ph.D.  
Oklahoma City VA Medical Center 
Oklahoma City, Oklahoma 
 
 

Albert Rabinovitch, M.D., Ph.D. 
Abbott Diagnostics Division-Santa Clara 
Santa Clara, California 
 
Diane I. Szamosi, M.A., M.T.(ASCP)SH 
Greiner Bio-One, VACUETTE  
North America, Inc. 
Monroe, North Carolina

Luc Van Hove, M.D., Ph.D.  
Abbott Laboratories 
Abbott Park, Illinois 
 
Staff 

Tracy A. Dooley, M.L.T.(ASCP) 
Staff Liaison  
NCCLS 
Wayne, Pennsylvania 

David E. Sterry, M.T.(ASCP) 
Project Manager  
NCCLS 
Wayne, Pennsylvania 

Donna M. Wilhelm 
Editor  
NCCLS 
Wayne, Pennsylvania 
 
Melissa A. Lewis 
Assistant Editor 
NCCLS 
Wayne, Pennsylvania 
 
 

 
Acknowledgement 
 
NCCLS gratefully acknowledges the working group for their help in preparing the approved-level, fifth 
edition of this standard. 
 
Dorothy M. Adcock, M.D. ESOTERIX, Inc. 
Charles F. Arkin, M.D. Lahey Clinic 
Dennis J. Ernst, M.T.(ASCP) Center for Phlebotomy Education 
Audrey Marlar Denver VA Medical Center 
Gary T. Parish Sarstedt, Inc. 
Diane I. Szamosi, M.A., M.T.(ASCP), SH Greiner Bio-One, VACUETTE North America, Inc. 
David J. Warunek, Ph.D., M.B.A. 
Joan D. Wiseman, M.T.(ASCP), CT 

BD VACUTAINER Systems 
Consultant 

 
 
 



Number 33 NCCLS
 

 iv 



Volume 23 H1-A5
 

 v

Contents 
 

Abstract ....................................................................................................................................................i 

Committee Membership........................................................................................................................ iii 

Foreword.............................................................................................................................................. vii 

1 Scope..........................................................................................................................................1 

2 Introduction................................................................................................................................1 

3 Definitions .................................................................................................................................2 

4 Materials ....................................................................................................................................3 
4.1 Tube...............................................................................................................................3 
4.2 Construction ..................................................................................................................3 
4.3 Closure Material ............................................................................................................3 
4.4 Specifications ................................................................................................................3 
4.5 Purified Ion Exchange Water ........................................................................................3 

5 System Specifications ................................................................................................................3 
5.1 Compatibility .................................................................................................................3 
5.2 Tube Size .......................................................................................................................3 
5.3 Compatibility with Centrifuge Carriers .........................................................................4 

6 Closure Design...........................................................................................................................4 

7 Construction...............................................................................................................................4 
7.1 Strength..........................................................................................................................4 
7.2 Exterior Texture.............................................................................................................4 

8 Limits of Interference ................................................................................................................4 
8.1 Warning on Package Label............................................................................................4 
8.2 Cleanliness of Interior ...................................................................................................4 

9 Additional Requirements ...........................................................................................................4 
9.1 Draw and Fill Accuracy.................................................................................................5 
9.2 Additive Tolerance ........................................................................................................5 
9.3 Solution Strength ...........................................................................................................5 
9.4 Collection Needles.........................................................................................................5 

10 Marking and Labeling................................................................................................................5 
10.1 Instructions ....................................................................................................................5 
10.2 Identification..................................................................................................................5 
10.3 Sterile Tubes ..................................................................................................................5 

11 Additives....................................................................................................................................5 

Bibliography ...........................................................................................................................................7 

Appendix A. Evaluation of Venous Blood Collection Tubes .................................................................8 



Number 33 NCCLS
 

 vi 

Contents (Continued) 

Appendix B. Evaluation of the Closure Assembly .................................................................................9 

Appendix C. Centrifuge Test ................................................................................................................10 

Appendix D. Additives to Blood Collection Devices:  EDTA .............................................................11 

Appendix E. Additives to Blood Collection Devices:  Heparin............................................................17 

Appendix F. Additives to Blood Collection Devices:  Sodium Citrate ................................................24 

Summary of Comments and Working Group Responses .....................................................................26 

Summary of Delegate Comments and Working Group Responses ......................................................27 

The Quality System Approach..............................................................................................................28 

Related NCCLS Publications................................................................................................................29 
 

 



Volume 23 H1-A5
 

 vii

Foreword 
 
This standard contains information on venous blood collection tubes and additives. It is written for 
manufacturers of venous blood collection tubes, additives, and related devices; for all clinical laboratory 
personnel; and those who are responsible for acquisition, handling, and using the equipment described in 
this document. 
 
H1 addresses requirements for the materials, construction, and labeling of venous blood collection tubes, 
and it provides methods for the evaluation of venous blood collection tube and closure assemblies. 
Specifications for the additives heparin, ethylenediaminetetraacetic acid (EDTA), and sodium citrate are 
also included. 
 
NCCLS consensus documents are developed through an open process that ensures wide review and broad 
application. This unique approach leads to standards and guidelines for medical testing and healthcare 
services that address identified needs of both its global and national constituents. Most NCCLS consensus 
documents are intended for global application. Under certain circumstances, however, an NCCLS 
standard or guideline may be intended for primary use in a specific country or region. 
 
NCCLS document H1-A5—Tubes and Additives for Venous Blood Specimen Collection; Approved 
Standard—Fifth Edition is one such consensus document. While H1-A5 is a useful resource for a wider 
audience, it is intended primarily to help the U.S. user navigate through stringent U.S. regulations. Since 
occupational exposure practices are heavily regulated and widely “country-specific,” the Area Committee 
on Hematology determined that it would not be feasible to develop a comparable guideline intended for 
global application at this time. We hope that development of such a guideline may be possible in the 
future, as part of a long-term effort to harmonize regulations and practices.  
 
The imprint of the flag and the unique tagline on the cover call attention to its national focus, and 
differentiate H1-A5 from our global consensus documents. 
 
Changes in This Document 
 
Location     Information Changed 
 
Section 10.3 Requirement for tube sterility. The following text has 

been added: “All blood collection tubes for clinical 
diagnostic testing must be sterile…” 

 
Section 12 This section has been reintroduced as Appendix A, 

Evaluation of Venous Blood Collection Tubes. 
 
Section 13 This section has been reintroduced as Appendix B, 

Evaluation of the Closure Assembly. 
 
Section 14 This section has been reintroduced as Appendix C. 
 
Table 1 Table 1 was substantively modified to accommodate the 

extensive use of plastic blood collection tubes. 
 
Materials previously presented in Sections 12, 13, and 14 have been reintroduced as appendixes. This 
supplemental information is intended to assist in use of the standard but has been positioned as 
appendixes to improve and facilitate the readability of the document. 
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Table 1 has been substantively modified to accommodate the extensive use of plastic blood collection 
tubes by laboratories.  Changes in materials, closure color, additives, and tube configurations are of a 
complex nature and so varied that an updated table including all this information would resemble a 
manufacturer’s catalog.  
 
Key Words 
 
Additive, anticoagulant, chelation, chelation values, chromogenic substrate method, ethylenediamine-
tetraacetic acid (EDTA), EDTA-containing devices, EDTA salts, heparin, heparin-containing devices, 
heparin quantitation, lithium heparin, plasma, sequestration, serum, thixotropic gel, trisodium citrate, tube 
closure, venous blood collection tubes 
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Tubes and Additives for Venous Blood Specimen Collection;              
Approved Standard—Fifth Edition 

 
1 Scope 
 
This standard discusses single-use, venous blood collection tubes. Normally, such tubes are used in 
conjunction with double-ended needles to provide a reliable, closed system for blood specimen collection 
and transportation for subsequent, general laboratory analysis. While the system inherently protects both 
the patient and the individual collector, care should be taken to protect the patient from microbial 
contamination. This precaution is met by the use of tubes with sterile interiors and the use of directions to 
prevent backflow from tube to patient. 
 
The standard also provides a description, mode of action, specifications, and assay methods for additives 
to blood collection devices, including ethylenediaminetetraacetic acid (EDTA), heparin, and sodium 
citrate. 
 
This standard is not intended to restrict the availability or use of venous blood collection tubes other than 
those specifically mentioned in this document. The standard does not address tubes used for highly 
specific tests (e.g., trace metal analysis). 
 

 Standard Precautions 
 
Because it is often impossible to know what might be infectious, all human blood specimens 
are to be treated as infectious and handled according to “standard precautions.” Standard 
precautions are guidelines that combine the major features of “universal precautions and body 
substance isolation” practices. Standard precautions cover the transmission of any pathogen 
and thus are more comprehensive than universal precautions, which are intended to apply only 
to transmission of blood-borne pathogens. Standard precaution and universal precaution 
guidelines are available from the U.S. Centers for Disease Control and Prevention (Guideline 
for Isolation Precautions in Hospitals. Infection Control and Hospital Epidemiology. CDC. 
1996;Vol 17;1:53-80), (MMWR 1987;36[suppl 2S]2S-18S), and (MMWR 1988;37:377-382, 
387-388). For specific precautions for preventing the laboratory transmission of blood-borne 
infection from laboratory instruments and materials and for recommendations for the 
management of blood-borne exposure, refer to the most current edition of NCCLS document 
M29—Protection of Laboratory Workers from Occupationally Acquired Infections. 
 

 

 
2 Introduction 
 
This standard contains information on venous blood collection tubes and additives. It is written for 
manufacturers of venous blood collection tubes, additives, and related devices; for all clinical laboratory 
personnel; and those who are responsible for acquisition, handling, and using the equipment described in 
this document. 
 
H1 addresses requirements for the materials, construction, and labeling of venous blood collection tubes, 
and it provides methods for the evaluation of venous blood collection tube and closure assemblies. 
Specifications for the additives heparin, ethylenediaminetetraacetic acid (EDTA), and sodium citrate are 
also included. 
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3 Definitions 
 
Additive – In a specimen collection, any ingredient that is placed in a collection container to facilitate an 
intended function (e.g., to prevent the blood from clotting or to prevent glycolysis); NOTE: While the 
container closure is not considered an additive, it may contain or be coated with additives, which, if they 
come into contact with the specimen, may be considered additives. 
  
Anticoagulant – An agent that prevents coagulation of blood or blood products. 
 
Assembly – The tube and the closure. 
 
Closure coating – A lubricant or other material applied to the container closure. 
 
Clot activator – A material used to initiate the clotting mechanism. 
 
Draw – The quantity of blood drawn into the venous blood collection tube from a venipuncture; NOTE:  
For testing purposes, the conditions are defined as follows:  101 kPa (760 mmHg) pressure and 20 oC 
ambient temperature. The temperature of the blood collected is assumed to be 37 oC.  
 
Expiration date – A date after which the product, when stored under recommended conditions, should no 
longer be used. 
 
Glycolytic inhibitor//antiglycolytic agent – An agent that inhibits the utilization of glucose by blood 
cells. 
 
Label – Any written, printed, or graphic information placed on a container. 
 
Lot number//control number – An alphanumeric and/or symbolic identification placed on the label by 
the manufacturer that enables the manufacturing history of the product to be traced. 
 
Nominal tube size – A description of the approximate external diameter and length of a tube in 
millimeters. 
 
Package insert – Instructions for use and other information supplied with the material that is not attached 
to any part of the package (modified from ISO/DIS 15197a). 
 
Thixotropic separator gel – An inert material that undergoes a temporary change in viscosity during 
centrifugation; NOTE:  It has a density intermediate to cells/clot and plasma/serum. 
 
Tube – The rigid part of the assembly that contains the specimen. 
 
Tube closure – That component that allows needle penetration into the container and that can be removed 
or pierced to obtain an aliquot of the specimen; NOTE: A tube closure is often referred to as a stopper. 
 
Tube coating – A material applied to the interior surface of the tube. 
 
Tube interior – Those inside surfaces of the tube and closure that come into contact with the blood 
specimen. 
 
 

                                                      
a  ISO. In vitro diagnostic test systems—Requirements for blood-glucose monitoring systems for self-testing in managing 

diabetes mellitus. ISO/FDIS 15197. Geneva: International Organization for Standardization; 2003. 
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4 Materials 
 
4.1 Tube   
 
The tube shall be made from material that allows a clear view of the contents, unless exposure to ultra-
violet or visible light would be deleterious to either the tube contents or the blood specimen after 
collection. It shall be capable of retaining a vacuum for the stated shelf life if the tube’s method of 
collection is by means of evacuation only. Tubes are currently available in glass and plastic; for safety 
reasons, the use of plastic blood specimen tubes is strongly recommended. (Facilities should consult their 
local, state, or federal safety regulatory agencies for current applicable regulations.) 
 
4.2 Construction 
 
All materials used in the construction of the tube must be able to withstand mechanical stress that occurs 
during the normal filling, storage, transportation, and processing of the tube. Further, the tube and any 
lubricants, coatings, or additives must not adversely affect results when the tube is used as intended. 
 
4.3 Closure Material 
 
The closure’s design must allow for repeated needle puncture and reseal, and it must permit easy removal 
of the closure as recommended by the tube manufacturer. It shall be capable of retaining a vacuum for the 
stated shelf life if the tube’s method of collection is by means of evacuation only. 
 
4.4 Specifications 
 
It is the manufacturer’s responsibility to validate both plain and additive tubes for their specific 
applications. If listed in United States Pharmacopeia (USP), American Chemical Society, or Analytical 
Reagent Grade specifications, chemical additives must either meet the specifications of those compendia, 
or package labeling shall state where they differ. Users must validate use of products for applications 
other than those claimed by the manufacturer. (Please refer to the most recent editions of NCCLS 
documents EP9—Method Comparison and Bias Estimation Using Patient Samples and EP10—
Preliminary Evaluation of Quantitative Clinical Laboratory Methods for additional information.)  
 
4.5 Purified Ion Exchange Water 
 
USP or equivalent “purified water” shall be used whenever a solution is present in the tube. 
 
5 System Specifications  
 
5.1 Compatibility 
 
It is the tube manufacturer’s responsibility to ensure that the components of their system for blood 
collection are compatible (i.e., tubes, holders, needles, needle protection devices). Mixing components 
from different manufacturers may cause problems (including hemolysis, needle/holder disengagement, 
short draws). If different manufacturers’ products are used in combination, the user must validate 
compatibility. 
 
5.2 Tube Size   
 
The nominal tube size shall be described both in terms of the external tube diameter and overall length, as 
well as the maximum quantity of specimen to be drawn into the tube. For tubes containing additives, 
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sufficient headspace shall be provided to allow for proper mixing. Users should refer to the 
manufacturer’s labeling for additional details. 
 
5.3 Compatibility with Centrifuge Carriers 
 
The complete container shall fit commonly used centrifuge carriers without breakage during proper 
placement, spinning, or removal from the centrifuge (see Section 7.1). 
 
6 Closure Design 
 
The closure shall be designed so that: 
 
• It does not become loose during mixing when tested in accordance with specified methods (see 

Appendix B). 
 

• When it is intended to be removed to gain access to the contents of the tube, it can be easily removed 
by gripping with gloved fingers and/or by mechanical means.  Also, it should be possible to remove 
the closure from the tube without contaminating either the fingers or the mechanical removal device 
with the specimen.  
 

• It will not be removed or loosened when used in accordance with the manufacturer’s instructions for 
blood specimen collection.  

 
The testing shall be conducted with a 20-gauge needle, as specified in Appendix B. 
 
7 Construction 
 
7.1 Strength 
 
Tubes intended for centrifugation must be centrifuged according to the manufacturer’s instructions.  
 
7.2 Exterior Texture 
 
No part of the container shall have a sharp edge, projection, or surface roughness capable of cutting, 
puncturing, or breaking the skin of the user. 
 
8 Limits of Interference 
 
8.1 Warning on Package Label 
 
Any known significant interference or deviations in test procedures or results caused by materials used in 
the tube or in chemical additives shall be stated on the package label, so that this information is clearly 
identified to the user as a warning. 
 
8.2 Cleanliness of Interior 
 
The tube interior shall be free of visible foreign matter. 
 
9 Additional Requirements 
 
The following requirements and tolerances shall apply unless otherwise stated elsewhere in this 
document: 
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9.1 Draw and Fill Accuracy 
 
When a container is tested for draw and fill accuracy at the time of manufacture, the draw shall be within 
10% of the stated draw. At the expiration date, the draw volume shall be no more than 10% below the 
stated draw volume of the manufacturer. 
 
9.2 Additive Tolerance 
 
The actual amount of additive in each container shall be within the range specified by the manufacturer. 
Users should consult the manufacturer’s package insert for additional information.   
 
9.3 Solution Strength 
 
The solution strength or activity shall be within 5% of that claimed on the label during the stated shelf 
life. 
 
9.4 Collection Needles 
 
Venous blood collection tubes are intended to be used with needles/devices that have engineered safety 
features. 
 
10 Marking and Labeling 
 
10.1 Instructions 
 
Complete instructions for intended use (including a description of the specimen collection method using 
needles/devices with engineered safety features) shall be provided with every shipping package of the 
product.  
 
10.2 Identification 
 
Each container shall be identified with markings that relate to the identification of the product as shown 
on the package label. In addition, tubes shall be provided with a blank surface for the addition of patient 
identification information. 
 
10.3 Sterile Tubes 
 
All blood collection tubes for clinical diagnostic testing must be sterile, and should be prominently 
marked as sterile.  
   
11 Additives 
 
The table below describes tubes and additives, as well as their recommended color codes. 
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Table 1. Blood Collection Tube Closure Colors  
 
For the most commonly used plastic tubes, the following color code is recommended: 
 

Specimen Type Additive Color 
Serum Clot activator Red 
Serum separation Gel/Clot activator See NOTE* 

Whole blood EDTA Lavender 
Plasma/whole blood Heparin Green 
Plasma separation Gel/heparin See NOTE* 
Plasma/whole blood Citrate (1:9) Blue 
Plasma/whole blood Glycolytic inhibitor Gray 
Whole blood Citrate (1:4) Black 
 
* NOTE: A variety of closure colors or color combinations are used for these separation tubes. Consult 
the tube manufacturer regarding closure color. 
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Appendix A. Evaluation of Venous Blood Collection Tubes  
 
Evaluation of blood specimen tubes determines the volume of draw into a tube, as well as whether the 
product meets the labeled draw requirements under standard test conditions.  Because the draw has been 
defined using conditions of 101 kPa (760 mmHg) and 20 oC, corrections are necessary if conditions are 
other than standard. 
 
Methods of blood specimen tube evaluation are appropriate for use by manufacturers and users.  
Manufacturers must sample and evaluate tubes before distribution to users.  Users are not required to 
evaluate blood specimen tubes before clinical use, but the methods can be used to evaluate problems that 
can arise during use. 
 
A1 Materials 
 
The following materials are necessary for the evaluation of venous blood collection tube tubes: 
 
• Fifty-milliliter, precision-bore, certified buret, Type I, Style I, Class A, MDS, 1-m length flexible 

vinyl or latex tubing connected to the buret tip; 20-gauge, 1.5-in. (38-mm) blood-collection needle 
attached to tubing. 
 

• Deionized water. 
 
A2 Sampling 
 
Sample tubes in accordance with a sampling plan appropriate to one’s workload. 
 
A3 Procedure 
 
The procedure for the evaluation of a venous blood collection tube, under the conditions described in A1, 
is as follows: 
 
(1) Fill the buret with deionized water. 
 
(2) Bleed the connecting tube and the needle to remove air. 
 
(3) Refill the buret and bring the meniscus to “0.” 
 
(4) Insert the needle into the closure of the venous blood collection tube. 
 
(5) Open the stopcock of the buret, push the needle through the closure, and allow the tube to draw 

completely. 
 
(6) Read the volume of water drawn to 0.1 mL after elevating the tube so that its meniscus is at the same 

height as the buret meniscus. 
 
(7) Close the stopcock; record the volume drawn. 
 
(8) Refill and “zero” the buret. Repeat the test for each tube in the sampling plan. 
 
A4 Acceptance 
 
Each tube not falling within 10.0% of the labeled draw shall be deemed defective. 
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Appendix B. Evaluation of the Closure Assembly  
 
Evaluation of the closure assembly determines whether the closure will function properly during 
collection and mixing. 
 
Evaluation methods for venous blood collection tubes are appropriate for use by both manufacturers and 
users. Manufacturers must sample and evaluate tubes before distribution to users.  Users are not required 
to evaluate venous blood collection tubes before clinical use, but the methods can be used to evaluate 
problems that can arise during use. 
 
B1 Materials 
 
The following materials are necessary for the evaluation of the closure assembly: 
 
• Standard, 20-gauge, blood-collection needle and holder. 

 
• Mechanical mixer (roller type or other). 
 
B2 Procedure 
 
To test the closure assembly, the procedure is as follows: 
 
(1) Fill the venous blood collection tube in the erect position with water using a 20-gauge blood-

collection needle and holder. Withdraw the tube slowly and observe the closure to ensure that it does 
not pull out of the tube. Clean the closure face of any residual water. 
 

(2) Without tightening the closure (if it has loosened partially), place the tube in the mechanical tube-
mixing device and operate the device for 20 minutes. 
 

(3) Remove the tube and examine the closure assembly for the following defects: 
 

• closure looseness; and 
 
• leakage of water at reseal in closure puncture point or around closure. 

 
B3 Acceptance 
 
• Any closure pull out, fall out, or obvious looseness shall be considered a defect. 

 
• Any leakage, as evidenced by droplet fall or similar accumulation on the exterior, shall be considered 

a defect. 
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Appendix C. Centrifuge Test  
 
The centrifuge test determines the suitability of the venous blood collection tube for separation of the 
cellular elements of the blood via centrifugal force. 
 
Methods of venous blood collection tube evaluation are appropriate for use by both manufacturers and 
users.  Manufacturers must sample and evaluate tubes before distribution.  Users are not required to 
evaluate venous blood collection tubes before clinical use, but the methods can be used to evaluate 
problems that can arise during use. 
 
C1 Materials 
 
The following materials are necessary for performance of the centrifuge test: 
 
• Centrifuge capable of generating a relative centrifugal field (RCF) in excess of 3,000 x g measured at 

the bottom of the tube.  The RCF is the outward-directed centrifugal velocity. 
 

• Tubes to be tested. 
 

• Collection needle/holder. 
 
C2 Procedure 
 
The procedure for testing the suitability of venous blood collection tubes is as follows: 
 
(1) Fill the tube to full draw with water and place it in centrifuge carriers in accordance with the 

instructions of the centrifuge manufacturer. 
 

(2) Spin the tube for 10 minutes with an RCF of 2,200 x g applied to the bottom of the tube with a free 
horizontal centrifuge head. The following formula for RCF is used: 

 
( )cmrrpm10118.1RCF 25 •• −=  

 
where: 
 
rpm = revolutions per minute 
r   = radius. 
 
NOTE: The radius is measured from the center of rotation to the bottom of the tube in its fully extended position. 
 
C3 Acceptance 
 
Any breakage of the tube is considered a failure. 
 
C4 Additive Assay  
 
Tubes shall be tested for additive identity and quantity using USP or other appropriate chemical methods. 
 
Methods of venous blood collection tube evaluation are appropriate for use by both manufacturers and 
users. Manufacturers must sample and evaluate tubes before distribution. Users are not required to 
evaluate venous blood collection tubes before clinical use, but the methods can be used to evaluate 
problems that can arise during use. 
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Appendix D. Additives to Blood Collection Devices:  EDTA 
 
Appendix D focuses on the mode of action and the selection criteria for using ethylenediaminetetraacetic 
acid (EDTA) as an anticoagulant.  Salts of EDTA are commonly used to anticoagulate blood specimens. 
The salts are desirable for use in the hematology laboratory, because cellular components of the blood are 
preserved.  Regardless of the particular EDTA salt used, chelation activity takes place.  This is especially 
true with calcium and other divalent ions, which can act as enzyme cofactors.  For the above reasons, 
EDTA salts are not suitable for calcium, magnesium, iron, alkaline phosphatase, creatinine kinase, and 
leucine aminopeptidase, or any enzyme that is metal ion dependent. 
 
D1 Definitions 
 
Chelation – Combination with a metal in complexes in which the metal is part of a ring;  NOTE: In the 
context of this document, this process refers to the removal of calcium ions from the specimen in order to 
inhibit clotting of the specimen. 
 
Packed cell volume – The measure of the ratio of the volume occupied by the red blood cells packed by 
centrifugation under specified conditions to the volume of whole blood, expressed as a fraction. 
 
Sequestration – The binding of a metal or metal ion in the form of a soluble complex or chelate by 
adding a suitable reagent for the purpose of suppressing undesired chemical or biological activity. 
 
D2 Description 
 
EDTA (MW 292) (and its alkaline salts) is one of a class of aminopolycarboxylic acids, which acts as a 
sequestering agent, (also referred to as a “chelating agent”).  They form soluble complexes with metal 
ions, removing these ions from further reactions.  They are negatively charged compounds.  
 
D2.1 Mode of Action 
 
EDTA and its various salts effectively chelate calcium in blood.  Calcium is necessary in the coagulation 
cascade, and its chelation or removal from the reaction site inhibits and stops the series of events (both 
intrinsic and extrinsic) which cause clotting.  The conversion of prothrombin to thrombin, and also the 
action of thrombin on fibrinogen to form fibrin, is inhibited.  
 
D2.2 Anticoagulant Properties 
 
EDTA is not generally considered an acceptable anticoagulant for coagulation tests, except for the 
isolation and examination of platelets.  Note that, in some patients, platelets can aggregate in the presence 
of EDTA because of the occurrence of platelet-specific antibodies.1  
 
D2.3 Qualitative Specifications 
 
D2.3.1   Identification of EDTA 
 
For identification of EDTA: 
 
(1) Add 2 drops of an 8% (w/v; 8 g/100 mL) ammonium thiocyanate solution and 2 drops of a 9% (w/v; 

9 g/100 mL) ferric chloride solution to 5 mL of distilled or deionized water in a test tube.  The 
resulting solution is red. 
 

(2) Add approximately 50 mg of the salt to be tested. 
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Appendix D. (Continued) 
 
If EDTA is present, the red color will change to yellow. 
 
D2.3.2   pH  
 
Value ranges for pH are as follows: 
 
(1) Disodium EDTA in a 1% (w/v) solution:  5.0 ± 1.0 
 
(2) Dipotassium EDTA in a 1% (w/v) solution: 4.8 ± 1.0 
 
(3) Tripotassium EDTA in a 1% (w/v) solution: 7.5 ± 1.0 
 
(4) EDTA (acid), saturated solution: 2.5 ± 1.0  

 
D2.3.3   Testing for Calcium 
 
The following procedure allows one to test for the presence of calcium in EDTA compounds, which are to 
be calcium-free: 
 
(1) Add 2 drops of a 1% (w/v; 1 g/100 mL) methyl red indicator solution in alcohol (neutralized with 6 

mol/L ammonium hydroxide) to a 1 in 20 aqueous solution (1 g in 2.0 L of water) of the EDTA salt to 
be tested. 
 

(2) Add 3 mol/L of hydrochloric acid dropwise until the solution is just acid. 
 

(3) Add 1 mL of a 3.5% (w/v; 3.5 g/100 mL) ammonium oxalate solution.  No precipitate should form. 
 
D2.3.4   Testing for Potassium 
 
The following procedure allows one to test for the presence of potassium: 
 
(1) Prepare a sodium cobaltinitrate solution by dissolving 10 g of sodium cobalt nitrate in 50 mL of 

water. 
 

(2) Add 5 mL of sodium cobaltinitrate solution to 2 mL of a 1 in 40 aqueous solution (1 g in 4.0 L of 
water) of the EDTA salt in question. 

 
With potassium-containing compounds, a yellow precipitate forms immediately. 
 
For identification purposes, potassium compounds impart a violet color to a nonluminous flame. 
 
D2.3.5   Testing for Sodium 
 
The following procedure allows one to test for the presence of sodium: 
 
(1) Prepare Scheibley’s reagent by dissolving 100 mg of potassium hydroxide and 50 mg 6,8 dichloro-2,4 

(1H,3H) quinazolinedione (6,8-dichloro benzoyleneurea) in 10 mL of water.  Warm the mixture to 
dissolve it, then cool. 

 
(2) Mix equal volumes of a 10% (w/v; 10 g/100 mL) EDTA test solution and Scheibley’s reagent. 
 
(3) Allow the mixture to stand until a white precipitate forms or until four hours have elapsed. 
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Appendix D. (Continued) 
 
A white crystalline precipitate forms if sodium is present. 
 
For identification purposes, sodium compounds impart a pronounced yellow color to a nonluminous 
flame. 
 
D2.4 Physical Properties and Chelation Values of Various EDTA Salts 
 
D2.4.1 EDTA, Free-Acid 
 
EDTA in free-acid form is described only for the purpose of technical reference.  It is not used in devices.  
It can be, and is, used to manufacture the EDTA salts. 
 
• MW 292.2 
 
• White powder, odorless 
 
• Solubility:  Saturated solution (20 ºC), 200 to 300 mg/L. 
 
The chelation value is as follows: 
 
• 1 g or 3.4 mmol EDTA  (acid) chelates 3.4 mmol or 136 mg of calcium ion. 
 
D2.4.2   EDTA Na2  • 2H2O 
 
• MW 372.2 

 
• White crystalline powder, odorless 

 
• Solubility:  Approximately 100 g/L at 20 ºC. 
 
The chelation value is as follows: 
 
• 1 g or 2.6 mmol EDTA (disodium salt) chelates 2.6 mmol or 105 mg of calcium ion. 
 
D2.4.3   EDTA K2  • 2H2O 
 
• MW 404.4 

 
• White crystalline powder, odorless 

 
• Solubility:  Approximately 1650 g/L at 22 ºC. 
 
The chelation value is as follows: 
 
• 1 g or 2.4 mmol EDTA  (dipotassium salt) chelates 2.4 mmol or 100 mg of calcium ion. 
 
D2.4.4   EDTA K3 
 

• MW 406 
 

• Clear, odorless liquid 
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Appendix D. (Continued) 
 

• Dried material is a white powder; odorless 
 
• Solubility: approximately 1650 g/L at 22 ºC 
 
The chelation value—dried basis—is as follows: 
 
• 1 g or 2.4 mmol EDTA  (tripotassium salt) chelates 2.4 mmol or 100 mg of calcium ion. 
 
D3  Required Quantity 
 
D3.1 Coagulation Prevention 
 
The ability of EDTA to prevent coagulation results from the stoichiometric chelation of calcium.  
Therefore, allowance for molecular weight and degree of hydration is required when comparing different 
salt forms.  Enough EDTA must be present to prevent coagulation, but excessive amounts cause 
morphological changes in blood cells.  The total amount of calcium in plasma is about 2.5 mmol/L; the 
normal amount of calcium in plasma that can be complexed to a sequestering agent is 1.15 mmol/L.  The 
remaining calcium is bound to protein and is not available for sequestration. 
 
D3.2 EDTA Salts 
 
The amount of EDTA salt added to blood should be 4.55 ± 0.85 µmol/mL of blood.2,3  Specific EDTA 
ratios for the different salts are as follows because of their different molecular weights: 
 

EDTA Salt mg/mL Blood 
Disodium EDTA dihydrate (EDTA Na2  • 2H2O) 1.4 - 2.0 
Dipotassium EDTA dihydrate (EDTA K2  • 2 H2O) 1.5 - 2.2 
Tripotassium EDTA anhydrous (EDTA K3) 1.5 - 2.2 
 
Some salts of EDTA may be commercially available in liquid form. The dilution effect with blood can 
give different results on tests when there is less than a complete blood draw.  Packed cell volume 
determinations can also be lower with the tripotassium salt for the same reason. 
 
D4 Selection of EDTA as an Anticoagulant:  Available Forms 
 
EDTA is available as free acid, as well as the disodium, dipotassium, and tripotassium salts.  The lack of 
solubility of the free acid in aqueous medium precludes its use.  The salts are preferable for use due to a 
high solubility. 
 
Aside from the different solubilities of the various salts, the ease of gaining thorough EDTA reactivity 
with blood can vary depending on the salt and how it is deposited in a device.  Reactivity rates vary 
depending on whether it is lyophilized, dried, or in solution.  Regardless of the form or type of EDTA salt 
used, all tubes should be inverted several times (8 to 10 times) to ensure thorough mixing and, therefore, 
proper anticoagulation (please refer to the current edition of NCCLS document H3—Procedure for the 
Collection of Diagnostic Blood Specimens by Venipuncture for additional information).  Disodium and 
dipotassium salts are commonly used in the dry form; tripotassium EDTA is normally used in the liquid 
form to further enhance the anticoagulant activity.  The tripotassium EDTA solutions commonly used 
cause a 1 to 2% dilution of the blood. 
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Appendix D. (Continued) 
 
Dipotassium EDTA is used with certain devices.  It is the anticoagulant of choice for blood cell counting 
and sizing in blood specimen collection.4 
 
D5 Stability of the Specimens 
 
Users should determine the stability of the specimens.  Stability of specimens can vary depending on the 
reagents, system, instrumentation, and storage conditions. 
 
A principal hazard to stability is a “short draw.”  It is strongly recommended that the proper amount of 
blood be drawn into tubes for appropriate and safe anticoagulation.  Having a great excess of EDTA in 
the blood can shrink red cells because of hypertonicity of the plasma with increased ionic concentration. 
 
Blood and EDTA must be in balance.  A ratio of 1.5 mg EDTA/mL of blood is considered optimal; larger 
quantities can affect red cell size. 
 
D6 Labeling Claims 
 
EDTA-containing devices must be labeled properly to provide users with sufficient data for correct use.  
It is recommended that manufacturers provide the following data: 
 
• salt of EDTA; 

 
• weight and/or volume of EDTA; 

 
• volume of blood required; 

 
• expiration date; and 
 
• storage conditions. 
 
D7 Assay 
 
The following assay may be used for assaying EDTA.  It is the assay used in the USP.  Other methods 
from chemical manufacturers are available. 
 
D7.1 Colorimetric Titration—Hydroxy Naphthol Blue 
 
D7.1.1 Reagents 
 
• Calcium Carbonate Solution 
 

(1) Weigh approximately 200 mg of “primary standard” calcium carbonate. 
 

(2) Add calcium carbonate to 10 mL distilled water in a 400-mL beaker. 
 

(3) Record the weight. 
 

(4) Swirl the solution in the beaker to form a slurry. 
 

(5) Cover with a watch glass 
 

(6) Add 2 mL of 3 mol/L hydrochloric acid to dissolve the calcium carbonate. 
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Appendix D. (Continued) 
 

(7) Dilute to 100 mL with distilled water. 
 
• Sodium hydroxide, 1 mol/L 
 
• Hydroxy naphthol blue, disodium salt 
      
D7.1.2 Procedure 
 
The procedure is as follows: 
 
(1) Weigh approximately 1.5 g of the EDTA salt. 
 
(2) Record the weight. 

 
(3) Dissolve the EDTA salt in 11 mL of 1-mol/L sodium hydroxide. 
 
(4) Transfer to a 100-mL volumetric flask.  (NOTE:  If the disodium or tripotassium salt is used, distilled 

water may be used in place of the sodium hydroxide.) 
 
(5) Dilute to 100 mL with distilled water. 
 
(6) Transfer the solution to a buret. 
 
(7) While stirring with a magnetic stirrer, add about 30 mL of the EDTA test solution from the buret to 

the beaker that contains calcium carbonate solution. 
 
(8) Add 10 mL of 1 mol/L sodium hydroxide and 300 mg of hydroxy naphthol blue. 
 
(9) Continue to titrate with the EDTA solution until a blue end point is reached. 
 
D7.1.3 Calculation 
 

( ) ( )
)UsedTitrantEDTAmL(x)CaCOMW(

mL100xSaltEDTAMWxWeighedCaCOmg
)mg(SaltEDTA

3

3=  

     
    
NOTE:  MW CaCO3 = 100.09 mg/mmol 
 
References for Appendix D 
 
1  Pierre RV, Payne BA.  Pseudothrombocytopenia: A laboratory artifact with potentially serious consequences. Mayo Clin 

Proc. 1984;59:123-125. 
 
2  Sacker LS. Specimen collection. In:  Lewis SM, Coster JF, eds. Quality Control in Haematology. London: Academic Press; 

1975:211. 
 
3  van Assendelft OW, Simmons A. Specimen collection, handling, storage, and variability.  In: Lewis SM, Koepke JA, eds.  

Hematology Laboratory Management and Practice. Oxford: Butterworth Heinemann; 1995. 
 
4  The International Council for Standardization in Haematology: Expert Panel for Cytometry. Recommendations of the 

International Council for Standardization in Haemotology for ethylenediaminetetraacetic acid anticoagulation of blood for 
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Appendix E. Additives to Blood Collection Devices:  Heparin 
 
Heparin is the recommended anticoagulant for many determinations with whole blood or plasma as the 
sample because of its minimal chelating properties, minimal effects on water shifts, and relatively low 
cation concentration. This appendix describes the heparin compounds used to collect and prepare blood 
specimens for analysis.  Many of the commercially used agents, as well as the methods of formulating 
and assaying them, are not covered by USP1 or other recognized compendia.  Sodium and ammonium 
salts of heparin are available; however, lithium heparin is recommended as an anticoagulant, because it is 
least likely to interfere when performing tests for other ions.   
 
Currently, heparin is the only anticoagulant that should be used in a device for the determination of pH, 
blood gases, electrolytes, and ionized calcium.  Generally, heparin should not be used when coagulation 
tests are to be performed.  For more information on the use of heparin for ionized calcium, blood gases, 
electrolytes, and selected, related analyte determinations, see the most current versions of NCCLS 
documents C31—Ionized Calcium Determinations: Precollection Variables, Specimen Choice, 
Collection, and Handling and C46—Blood Gas and pH Analysis and Related Measurements.  
 
This appendix describes heparin as it is used in common diagnostic devices and focuses on the technical 
description of heparin and its accepted use in blood-collection products (except for transfusion).   
 
E1 Description  
 
Lithium heparin is derived from a mixture of active principles.  It is a sulfated glycosaminoglycan that 
prolongs the clotting time of blood.  On complete hydrolysis, the residues are D-glucosamine, 
D-glucuronic acid, L-iduronic acid, acetic acid, and sulfuric acid.  Heparin is usually obtained from 
bovine and porcine lungs and intestines.  The potency of lithium heparin, calculated on a dried basis, 
should be not less than 140 USP heparin units/mg, and it should be within 10% of the potency stated on 
the label.  Lithium heparin is essentially free of extraneous ions.  It should not be used for collection of 
blood for lithium levels. 
 
NOTE:  The USP heparin unit is independent of the international unit and not equal to it. The 
international unit is 6.4% (1.064) greater than the USP unit. 
 
E2 Mode of Action 
 
Heparin acts primarily through a complex that it forms with antithrombin.  This complex accelerates the 
inhibition of thrombin and activated Factor X to prevent clotting or activation of thrombin.   
 
E3 Additive Specifications 
 
NOTE: Refer to the most current USP specifications where appropriate. 
 
• Physical description:  White, or creamy white, amorphous powder, odorless, hygroscopic. 

 
• Potency:  Not less than 140 USP units/mg calculated on the dried basis.  

 
• pH of a 1% (w/v; 1 g/100 mL) solution in purified water USP is 6.0 to 8.0. 
 
• Solubility:  A 5% (w/v; 5 g/100 mL) solution is clear.  If necessary, filtration through a fritted or 

sintered glass filter should yield a clear solution. 
 
• Loss of weight on drying:  Not more than 8%. 
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Appendix E. (Continued) 
 

• Residue on ignition:  Not more than 36%.  
 

• Protein:  None when determined by the trichloracetic acid test. 
 

• Nitrogen:  Not more than 3% on dried basis.  
 

• Sodium:  Not more than 0.2%. 
 

• Potassium:  Not more than 0.2%. 
 

• Calcium:  Not more than 0.2%.  
 

• Ammonia: Not more than 0.01% using sodium nitroferricyanide or glutamate dehydrogenase 
determination methods.  
 

• Lithium:  Between 3.5 and 4.5%. 
 

• Heavy metals: Less than 0.003%. 
 

• When tested as directed under the USP bacterial endotoxin test, it contains not more than 0.03 
endotoxin units per USP heparin unit. 

 
NOTE:  The most current USP specifications for heparin should be followed. 
 
CAUTION:  Avoid direct contact with, and inhalation of, dust.  Keep bulk containers tightly closed. 
 
Bulk heparin products should be labeled with the animal species and tissue of origin.   
 
E4 Methods of Analysis for Devices 
 
E4.1 The official USP method for determining the anticoagulant activity compares the inhibition in 
vitro of the clotting of recalcified (activated) citrated sheep’s plasma with that of an official heparin 
reference standard.  The USP heparin assay ordinarily requires a test solution concentration of not less 
than 3 USP heparin units/mL.  The substrate sheep plasma can contain platelet factor 4, thromboplastin, 
and other plasma proteins that neutralize heparin, which necessitates a greater amount of heparin to 
effectively perform the test. 
 
E4.2 The alternate test is primarily intended for device manufacturers as a quality control check on an 
individual device.  The USP assay is to be used on bulk material or when larger quantities of heparin are 
used in a device.  When the USP method is inappropriate because of low levels of heparin in a device, an 
alternative method is suggested.  This method can be used for the quantitation of the amount of heparin in 
a single device, such as a capillary tube.  
 
E4.2.1 Method 1: Anti-Factor IIa (Thrombin Inhibition) Chromogenic Substrates (see E8) 
                                    
The chromogenic substrate method is accurate, and it is widely accepted and used.  However, the assay 
for Factor IIa (thrombin inhibition) has not yet been officially accepted by the USP. 
 
This chromogenic synthetic substrate assay method uses pure reagents rather than plasma.  It is not 
affected by differences in batches of plasma.  
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Appendix E. (Continued) 
 
E4.2.2 Method 2:  Anti-Factor Xa chromogenic assay can also be used as an alternate test. 
 
E5 Quantity Required 
 
Manufactured devices usually contain an excess of heparin. For venous blood collection tubes, a 
recommended range of 10 to 30 USP units/mL of blood has been established.  Plastic microcollection 
devices may contain less than 15 USP units/mL of blood. 
 
E6 Labeling Claims 
 
Heparin in bulk, or heparin-containing devices, must be labeled properly to provide users with sufficient 
data for correct use.  It is recommended that manufacturers provide the following data: 
 
• salt of heparin; 
• USP strength of heparin  (anhydrous weight); 
• volume of blood required; 
• expiration date; 
• storage conditions; and 
• methods of blood collection and mixing. 
 
E7 Use in Other Procedures 
 
A collection container might interact with the sample in a number of ways.  The manufacturer of the 
collection container should have checked for suitability in common applications, but the needs of 
laboratories are constantly changing.  If a heparin-containing device is used in a procedure for which no 
data are available on heparin as an anticoagulant, use the method outlined in most current version of 
NCCLS document EP7—Interference Testing in Clinical Chemistry. 
 
E8 Anti-Factor IIa (Thrombin Inhibition) Chromogenic Substrate Assay 
 
E8.1 Principle 
 
As one of the final steps of the “coagulation cascade,” thrombin acts on fibrinogen (soluble) transforming 
it to an insoluble fibrin clot.  The synthetic (chromogenic) substrate mimics the active substrate that is to 
be split (fibrinogen to fibrin).  The synthetic peptide has a chromophore attached to the carboxyl terminal.  
Thrombin cleaves these compounds at the carboxyl terminal and releases the chromophore.  The amount 
of release can be measured directly using a spectrophotometer.  Heparin activity is determined indirectly, 
for the absorbance of the free chromophore decreases linearly with increasing amounts of heparin.  The 
sensitivity of the method is such that less than 0.05 units of heparin can be measured.  This system is 
independent of the variables usually found with plasma of any type. 
 
Heparin + Antithrombin III → Heparin Antithrombin III 
Heparin Antithrombin III + Thrombin → Heparin Antithrombin III Thrombin + Residual Thrombin 
Residual Thrombin + R-pNA (Chromophore) → R COOH + pNA 
 
NOTE:  Thrombin inhibition more closely resembles anticoagulant activity than does inhibition of 
activated Factor X. 
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Appendix E. (Continued) 
 
E8.2 Apparatus 
 
The following apparatus are necessary: 
 
•  spectrophotometer, 405 nm, spectral slit width 6 nm; 

 
• semimicro cuvettes, 1.4 to 1.5 mL; 

 
• water bath (37 °C); 
 
• ice bath (0 °C); and 

 
• stop watch. 
 
Plastic test tubes, accurate plastic pipets, and plastic pipet tips are also necessary.  Test tubes used for 
thrombin should be rinsed with a 0.1% polyethylene glycol (20,000) solution and then dried.  This will 
help to prevent adsorption of thrombin.  Whenever possible, use plasticware to minimize adsorption of 
reagents. 
 
E8.3 Reagents 
 
Thrombin, human or bovine:  The thrombin should be essentially free of other factors, especially Factor 
X.  The potency of the thrombin should not be less than 2,000 NIH units/mg protein. 
 
Antithrombin III, human:  This material should be free of heparin.  The potency of antithrombin III 
should not be less than 20 IU (international units)/mg protein. 
 
Heparin to be tested and heparin standards [USP, EP, World Health Organization (WHO)], or a heparin 
that has previously been tested, can be used as reference material. 
 
(1)  polyethylene glycol: 6,000 
(2)  polyethylene glycol: 20,000 
(3)  chromogenic substrate (chromogenix S-2366 or S-2238) 
(4)  glacial acetic acid (for end point method) 
 
E8.3.1 Preparation of Reagents 
 
The following procedure can be used to prepare reagents: 
 
(1) 1 Buffer: 250 mL of 0.2 mol/L Tris HCl 
 
(2) Antithrombin III:  Adjust to 1 IU/mL with buffer 
 
(3) Thrombin:  Solutions are made with buffer to a concentration of 10 units/mL.  Keep thrombin 

solutions cold (on ice) until ready for use. 
 
(4) Acetic acid (if used):  Dilute glacial acetic acid to a 50% concentration. 
 
(5) Synthetic substrate:  Dissolve the recommended substrate in distilled water (preferably sterile) to a 

concentration of 0.75 mmol/L.  Store the solution in the dark at 2 to 8 °C for maximum stability. 
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(6) Heparin standard and unknown:  Prepare working concentrations of the heparin standard and of the 

unknown heparin solution in tris buffer from a stock solution (which may be in saline or water) at 
concentrations ranging from 0.00 units/mL to 0.25 units/mL (e.g., 0.25; 0.188; 0.125; 0.0625; 
0.03125 units/mL).  If solutions are to be prepared from solid materials, the highest concentrations 
should be approximately 6 to 7 µg/mL and serial dilutions made from this primary working solution.  
A blank zero (0 concentration) determination should be made using tris buffer instead of heparin 
solution.  If necessary, the thrombin concentration should be adjusted to obtain a blank value of 0.650 
to 0.750 ∆ abs./min. at 405 nm. 

 
E8.4 Procedure: Kinetic Method 
 
(1) Add the following reagents to a cuvette:  
 

• 600 µL buffer; 
 

• 100 µL antithrombin III (1 IU/mL); and 
 

• 100 µL of a particular heparin concentration. 
 
(2) Mix and incubate at 37 °C for 60 seconds.  (If necessary, the incubation period may be extended.) 
 
(3) Add 100 µL of thrombin solution (10 NIH units/mL). 
 
(4) Mix and incubate at 37 °C for exactly 30 seconds. 
 
(5) Add 200 µL of the chromogenic substrate solution (0.75 mmol/L). 
 
(6) Mix and immediately read in the spectrophotometer at 405 nm, and record any change in absorbance 

for one minute.   
 

NOTE:  The change in absorption may be determined by reading absorbance at time zero and at time 
60 seconds OR by determining change in absorbance per minute from a chart recording (recording 
spectrophotometer). 

 
(7) Repeat procedures until all standards and unknowns are recorded. 
 
E8.5 Calculation of Potency 
 
Arrange the data in order from the most to the least concentrated dose of heparin for the standard and 
unknown.  The 0 (zero or subthreshold) concentration of unknown and standard should agree with the 
blank.  Transform the change in absorbance to logarithms, and construct a curve showing the change in 
absorbance in logarithms (Y axis) against heparin concentrations, linear (X axis).  (The regression lines for 
the unknown and standard should have a common intercept on the Y axis at zero (0) dose [see E8.3.1 
(6)]). 
 
Calculate the regression (slope) of sample and standard, and calculate the potency using the slope ratio 
method, where the potency is the ratio of slopes multiplied by the potency of the reference standard. 
 
Example: 

eparationPrTesttheofPotencyeparationPrStandardtheofPotency
eparationPrdardStanSlope

eparationPrTestSlope
=•

−
−
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Appendix E. (Continued) 
 
End point method:  After exactly 60 seconds, stop the reaction by adding (via mixing) 300 µL of the 
acetic acid solution.  Read the absorbance for unknown sample and standard at 405 nm.  Determine the 
potency of the unknown as outlined in the kinetic method. 
 
E9 Assay of Heparin for Ammonia Content 
 
E9.1 Method: Sodium Nitroferricyanide 
 
E9.1.1 Reagents 
 
Phenol color reagent:  Dissolve 50 g of analytic reagent (AR)-grade phenol and 0.25 g of sodium 
nitroferricyanide in water and adjust to 1,000 mL.  The solution is stable for least two months when 
stored in an amber bottle, protected from light, and refrigerated. 
 
Alkali-hypochlorite reagent:  Dissolve 25 g of sodium hypochlorite in water and adjust to 1,000 mL.  
Commercial bleach (e.g., bleach containing 52.5 mg NaOCl/mL) can be substituted for the sodium 
hypochlorite powder. Five hundred mL of bleach solution adjusted to 1,050 mL with water equals the 
concentration of dissolved powder.  The solution is stable for at least two months when stored in an 
amber bottle, protected from light, and refrigerated. 
 
E9.1.2 Assay 
 
Standard preparation:  Accurately weigh 390 mg of AR-grade ammonium sulfate. Dissolve in water and 
adjust to make 1,000 mL.  Transfer 4.0 mL to a 50-mL volumetric flask and dilute to the mark with water.  
Each milliliter of this solution contains 8.5 µg ammonia. Prepare the assay fresh on the day of the 
determination. 
 
Sample preparation:  Accurately weigh 500 mg of heparin.  Dissolve in 5 to 6 mL of distilled water and 
make up the volume to 10 mL in a volumetric flask.  Transfer 2.0 mL of solution to a 50-mL volumetric 
flask and close the flask with a closure. 
 
The procedure is as follows: 
 
(1) Add 1.0 mL of phenol color reagent and 1.0 mL of alkali-hypochlorite reagent to separate 50-mL 

volumetric flasks containing 2 mL of water, 2 mL of standard preparation, and 2 mL of the sample 
preparation. 

 
(2) Mix thoroughly; be careful to rinse the walls of the flasks.   
 
(3) Close flasks with plastic closures and place in a water bath at 55 oC for 20 ± 2 minutes. 
 
(4) Remove the flasks from the water bath, cool, and dilute to the mark with water.  Mix thoroughly.  
 
(5) When solutions are at room temperature, determine the absorbance of the standard and the sample 

preparation at absorbance maximum (approximately 630 nm) using 1-cm cells versus water blank in 
the reference cell. 
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Appendix E. (Continued) 
 
E9.1.3   Calculation   
 
  The calculation is as follows: 
 

  
sam

std

s

u

W
W

A
A

)ppm(heparing/ammoniag •=µ  

 
where: 
 
Au    =  Absorbance for ammonia in sample preparation corrected for blank. 
 
As    =  Absorbance for ammonia in standard preparation corrected for blank. 
 
Wstd  =  µg of ammonia in standard-preparation, color-reaction flask.  
 
Wsam = µg of heparin sample in sample-preparation, color-reaction flask. 
 
 
 
Reference for Appendix E 
 
1  The U.S. Pharmacopeial Convention. The U.S. Pharmacopeia USP26-NF21. 12601 Twinbrook Parkway, Rockville, MD 
20852;2003. 
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Appendix F. Additives to Blood Collection Devices:  Sodium Citrate 
 
The sodium salt of citric acid and/or the buffered sodium salt are commonly used to inhibit the 
coagulation of blood in specimens, as well as in large containers.  It is the anticoagulant of choice for 
coagulation tests. 
 
F1 Description 
 
Citric acid is a tricarboxylic acid.  It has a molecular weight of 192.  The usual form of use is as the 
trisodium salt, which has a molecular weight of 294 with 2 molecules of water (pH ca 8.0).  The sodium 
acid citrate (disodium citrate, disodium hydrogen citrate) is also used (pH 4.9 to 5.2).  The combination of 
sodium citrate and citric acid is called “buffered” sodium citrate. 
 
F2 Mode of Action 
 
Sodium citrate acts primarily to chelate, or bind, calcium.  Calcium is a necessary factor in the 
coagulation cascade.  The removal of calcium from the prothrombinase complex prevents the conversion 
of prothrombin to thrombin.  The conversion of fibrinogen to fibrin is thus inhibited and prevented.  The 
binding effect of citrate can be reversed by recalcifying the blood or derived plasma to its normal state.  
This simple reversible action makes it highly desirable for coagulation determinations.  The coagulation 
factors are not affected by citrate, and its effect on cells and platelets is minimal. 
 
F3 Specifications:  Qualitative 
 
Sodium and citrate can be identified by the following characteristics: 
 
Sodium:  It responds to a flame test.  It adds an intense yellow color to a nonluminous flame. 
 
Citrate:  To 15 mL of pyridine, add a few milligrams of a citrate salt, dissolved or suspended in 1 mL of 
acetic anhydride, and shake.  A light red color is produced. 
 
Upon ignition, it yields an alkaline residue, which effervesces when treated with 3 mol/L hydrochloric 
acid. 
 
F4 Specifications:  Quantitative 
 
The assay can be performed as follows: 
 
(1)  About 350 mg of sodium citrate previously dried at 180 °C for 18 hours and accurately weighed, or 

10 mL of a solution (which may have been produced from material that had two waters of 
crystallization) is transferred to a 250-mL beaker.   

 
(2)  The citrate solution is evaporated to dryness.   
 
(3) One hundred mL of glacial acetic acid is added with stirring until all material is dissolved.   
 
(4) Titration is performed with 0.1 mol/L perchloric acid, and the end point is determined 

potentiometrically using a calomel-glass electrode system.   
 
(5) Perform a blank determination, and make necessary corrections. Each milliliter of 0.1 mol/L 

perchloric acid is equivalent to 9.803 mg of trisodium citrate with 2 waters of crystallization or 8.602 
mg of anhydrous sodium citrate. 
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Appendix F.  (Continued) 
 
F5 Use 
 
Sodium citrate can be used as follows: 
 
The anticoagulant used for coagulation assays should be 105 to 109 mmol/L, 3.13% to 3.2% (commonly 
described as 3.2%)1 of the dihydrate form of trisodium citrate (Na3C6H5O7 • 2H2O), buffered or 
nonbuffered.  Citrate tubes containing 3.5% (0.129 mol/L) of the dihydrate form of trisodium citrate are 
also available. 
 
The reagent manufacturer’s product circular should be consulted when determining the concentration of 
citrate to use for testing.  It is important for the laboratory using the international normalized ratio (INR) 
to ensure that the citrate concentration is the same as that used for determination of the International 
Sensitivity Index. 
 
Reference for Appendix F 
 
1  Adcock DM, Kressin DC, Marlar RA.  Effect of 3.2% vs 3.8% sodium citrate concentration on routine coagulation testing.  

Am J Clin Pathol. 1997;107:105-110. 
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Summary of Comments and Working Group Responses 
 
H1-A4: Evacuated Tubes and Additives for Blood Specimen Collection—Fourth Edition; Approved 
Standard 
 
Section 2, Universal Precautions 
 
1. In California, consent is required from both the source patient and the worker, even in a laboratory setting. 
 
• Section 2 on “Universal Precautions” has been replaced with the following “Standard Precautions” statement: 
 

“Because it is often impossible to know what might be infectious, all human blood specimens are to be treated as 
infectious and handled according to “standard precautions.” Standard precautions are guidelines that combine the 
major features of “universal precautions and body substance isolation” practices. Standard precautions cover the 
transmission of any pathogen and thus are more comprehensive than universal precautions, which are intended to 
apply only to transmission of blood-borne pathogens. Standard precaution and universal precaution guidelines are 
available from the U.S. Centers for Disease Control and Prevention (Guideline for Isolation Precautions in Hospitals. 
Infection Control and Hospital Epidemiology. CDC. 1996;Vol 17;1:53-80), (MMWR 1987;36[suppl 2S]2S-18S), and 
(MMWR 1988;37:377-382, 387-388). For specific precautions for preventing the laboratory transmission of blood-
borne infection from laboratory instruments and materials and for recommendations for the management of blood-
borne exposure, refer to the most current edition of NCCLS document M29—Protection of Laboratory Workers from 
Occupationally Acquired Infections.” 
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Summary of Delegate Comments and Working Group Responses 
 
H1-A5: Tubes and Additives for Venous Blood Specimen Collection; Approved Standard—Fifth Edition 
 
General 
 
1. The knowledge of closure material is useful. Are there any differences between pediatric tubes and adult tubes?   
 
• Closure materials are the same for both pediatric and adult tubes.  
 
2. It would be beneficial if tube closure colors for gel-containing tubes can be standardized to avoid confusion, especially 

specimens from another lab or private clinic (Table 1).  
 
• Manufacturers have their own color codes for distinction and to avoid confusion within their own product lines.  
 
3. A ratio of EDTA/mL of blood given is a good guideline.  It would be helpful if the guideline were given in percentage, i.e., 

% EDTA/mL of blood as well. 
 
• Most manufacturers label products with the quantity of EDTA in mg per volume of draw. The % EDTA/mL of 

blood can be easily calculated from this information. 
 
4. K3EDTA is available in liquid and spray-dried forms.  In a liquid form, the dilution effect with blood can give different 

results on tests when there is less than a complete blood draw.  Packed cell volume determinations can also be lower with 
this tripotassium salt for this same reason. 

 
• The working group agrees with the comment and the information is included in Appendix D. 
 
5. Disodium, dipotassium, and tripotassium salts are available in the dry form; tripotassium EDTA can be used in the liquid 

form to further enhance the anticoagulant activity.  This tripotassium EDTA solution commonly used causes a 1 to 2 % 
dilution of the blood. 

 
• The working group agrees with the comment and the information is included in Appendix D. 
 
Section 9.1, Draw and Fill Accuracy 
 
6. The second line needs to be rewritten for clarity: “At the time of expiration date, the draw shall be not less than the 10% 

below stated/optimum volume of manufacturer.”  
 

• The second sentence has been revised for clarity. The second sentence now states: “At the expiration date, the draw 
volume shall be no more than 10% below the stated draw volume of the manufacturer.” 

 
Appendix D, Additives to Blood Collection Devices: EDTA 

 
7. In general, the document is okay. The last sentence of the first paragraph in Appendix D should be modified to include the 

disclaimer: “For the reasons above, EDTA salts are not suitable for calcium, MAGNESIUM, alkaline phosphatase...leucine 
aminopeptidase, OR ANY ENZYME THAT IS METAL ION DEPENDENT.” 

 
• The text has been revised as suggested.  
 
8. Is the information presented in Sections D2.3 and D2.4 really needed in light of manufacturing QC? If we question the 

performance of a lot number, that lot number is reported to the manufacturer to investigate. 
 

• This document is a performance standard for manufacturers of venous blood collection tubes and additives, as well 
as for users of venous blood collection tubes. The information provided in Sections D2.3 and D2.4 is included 
primarily for the manufacturers of the blood collection tubes.  
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The Quality System Approach 
 
NCCLS subscribes to a quality system approach in the development of standards and guidelines, which facilitates 
project management; defines a document structure via a template; and provides a process to identify needed 
documents through a gap analysis. The approach is based on the model presented in the most current edition of 
NCCLS HS1—A Quality System Model for Health Care. The quality system approach applies a core set of “quality 
system essentials (QSEs),” basic to any organization, to all operations in any healthcare service’s path of workflow. 
The QSEs provide the framework for delivery of any type of product or service, serving as a manager’s guide. The 
quality system essentials (QSEs) are:  
 
Documents & Records Equipment  Information Management Process Improvement 
Organization Purchasing & Inventory Occurrence Management Service & Satisfaction 
Personnel Process Control Assessment Facilities & Safety 
 
H1-A5 addresses the quality system essentials (QSEs) indicated by an “X.” For a description of the other NCCLS 
documents listed in the grid, please refer to the Related NCCLS Publications section on the following page. 
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Adapted from NCCLS document HS1— A Quality System Model for Health Care. 
 
Path of Workflow 
 
A path of workflow is the description of the necessary steps to deliver the particular product or service that the 
organization or entity provides. For example, GP26-A2 defines a clinical laboratory path of workflow which 
consists of three sequential processes: preanalytical, analytical, and postanalytical. All clinical laboratories follow 
these processes to deliver the laboratory’s services, namely quality laboratory information.  
 
H1-A5 addresses the clinical laboratory path of workflow steps indicated by an “X.” For a description of the other 
NCCLS documents listed in the grid, please refer to the Related NCCLS Publications section on the following page.  
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Related NCCLS Publications* 
 
C31-A2 Ionized Calcium Determinations: Precollection Variables, Specimen Choice, Collection, and Handling; 

Approved Guideline—Second Edition (2001).  This document addresses preanalytical considerations – such 
as patient condition, specimen choice, collection, and handling – that can influence accuracy and clinical 
utility of ionized calcium measurements. 

  
C38-A Control of Preanalytical Variation in Trace Element Determinations; Approved Guideline—Second 

Edition (1997). This document provides guidelines for patient preparation, specimen collection, transport, and 
processing for the measurement of trace elements in a variety of biological matrices. 

  
C46-A Blood Gas and pH Analysis and Related Measurements; Approved Guideline (2001). American National 

Standard. This document provides clear definitions of the quantities in current use, and provides a single 
source of information on appropriate specimen collection, preanalytical variables, calibration, and quality 
control for blood pH and gas analysis and related measurements. 

  
EP7-A Interference Testing in Clinical Chemistry; Approved Guideline (2002).  This document provides 

background information, guidance, and experimental procedures for investigating, identifying, and 
characterizing the effects of interfering substances on clinical chemistry test results. 

  
GP9-A Selecting and Evaluating a Referral Laboratory; Approved Guideline (1998). This guideline provides an 

outline of reasons and criteria for choosing a referral laboratory. A checklist for evaluating potential referral 
laboratories is included to assist in the decision process. 

  
H3-A5 Procedures for the Collection of Diagnostic Blood Specimens by Venipuncture; Approved Standard—

Fifth Edition (2003). This document provides procedures for the collection of diagnostic specimens by 
venipuncture, including line draws, blood culture collection, and venipuncture in children.  

  
H7-A3 Procedure for Determining Packed Cell Volume by the Microhematocrit Method; Approved Standard—

Third Edition (2000). This document describes a standard microhematocrit method for determining packed cell 
volume; specifications for recommended materials and information on potential sources of error are also 
included. 

  
H11-A3 Procedures for the Collection of Arterial Blood Specimens; Approved Standard—Third Edition (1999). 

This standard describes principles for collecting, handling, and transporting arterial blood specimens. The 
document is aimed at reducing collection hazards and ensuring the integrity of the arterial specimen. 

  
H18-A2 Procedures for the Handling and Processing of Blood Specimens; Approved Guideline—Second Edition 

(1999). This guideline addresses multiple factors associated with handling and processing specimens, as well 
as factors that can introduce imprecision or systematic bias into results. 

  
H21-A4 Collection, Transport, and Processing of Blood Specimens for Testing Plasma-Based Coagulation 

Assays; Approved Guideline—Fourth Edition (2003).  This guideline contains procedures for collecting, 
transporting, and storing blood; processing blood specimens; storing plasma for coagulation testing; and 
provides general recommendations for performing the tests.   

  
M29-A2 Protection of Laboratory Workers from Occupationally Acquired Infections; Approved Guideline—

Second Edition (2002). Based on U.S. regulations, this document provides guidance on the risk of 
transmission of hepatitis viruses and human immunodeficiency viruses in any laboratory setting; specific 
precautions by preventing the laboratory transmission of blood-borne infection from laboratory instruments 
and materials; and recommendations for the management of blood-borne exposure. 

  
  
 

                                                      
* Proposed- and tentative-level documents are being advanced through the NCCLS consensus process; therefore, readers should 
refer to the most recent editions. 
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Boulder Community Hospital (CO) 
Brooks Air Force Base (TX) 
Broward General Medical Center 
  (FL) 
Cadham Provincial Laboratory 
Calgary Laboratory Services 
Cape Breton Healthcare Complex 
 (Nova Scotia, Canada) 
Carilion Consolidated Laboratory  
  (VA) 
Carolinas Medical Center (NC) 
Cathay General Hospital (Taiwan) 
Cavan General Hospital (Ireland) 
Central Peninsula General Hospital 
 (AK) 
Central Texas Veterans Health Care  
  System 
Centro Diagnostico Italiano (Milano, 
 Italy) 
Champlain Valley Physicians  
  Hospital (NY) 
Chang Gung Memorial Hospital 
 (Taiwan) 
Changi General Hospital  
 (Singapore) 
Children’s Hospital (NE) 
Children’s Hospital & Clinics (MN) 
Children’s Hospital Medical Center  
  (Akron, OH) 
Children’s Hospital of Philadelphia 
 (PA) 
Children’s Hospital of Wisconsin 
Children’s Medical Center of Dallas 
 (TX) 
CHR St. Joseph Warquignies 
 (Belgium) 
Christus St. John Hospital (TX) 
Clarian Health - Methodist Hospital  
   (IN) 
CLSI Laboratories (PA) 
Community Hospital of Lancaster 
 (PA) 
Community Hospital of the 
 Monterey Peninsula (CA) 
CompuNet Clinical Laboratories 
  (OH)  
Cook Children’s Medical Center 
 (TX) 
Cook County Hospital (IL) 
Covance Central Laboratory  
  Services (IN) 
Creighton University Medical Center 
 (NE) 
Danish Veterinary Laboratory 
 (Denmark) 
Danville Regional Medical Center  
  (VA) 
Dean Medical Center (WI) 
Department of Health & Community  
 Services (New Brunswick,  Canada) 
DesPeres Hospital (MO) 
Detroit Health Department (MI) 
Diagnósticos da América S/A   
 (Brazil) 
Diagnósticos da América S/Z (Brazil) 
Dr. Everett Chalmers Hospital (New 
 Brunswick, Canada) 
Doctors Hospital (Bahamas) 
Duke University Medical Center  
 (NC) 
Dwight David Eisenhower Army 
 Med. Ctr. (GA) 
E.A. Conway Medical Center (LA) 
EMH Regional Medical Center (OH) 
Emory University Hospital (GA) 
Fairview-University Medical Center 
 (MN) 
Federal Medical Center (MN) 
Florida Hospital East Orlando 
Focus Technologies (CA) 
Focus Technologies (VA) 
Foothills Hospital (Calgary, AB,  
  Canada) 
Franciscan Shared Laboratory (WI) 
Fresno Community Hospital and  
  Medical Center 
Frye Regional Medical Center (NC) 
Gambro BCT (CO) 



 

 

Gamma Dynacare Medical 
 Laboratories (ON, Canada) 
Geisinger Medical Center (PA) 
General Health System (LA) 
Grady Memorial Hospital (GA) 
Guthrie Clinic Laboratories (PA) 
Hagerstown Medical Laboratory 
 (MD) 
Hahnemann University Hospital  
  (PA) 
Harris Methodist Fort Worth (TX) 
Hartford Hospital (CT) 
Health Network Lab (PA) 
Health Partners Laboratories (VA) 
Highlands Regional Medical Center  
  (FL) 
Hinsdale Hospital (IL) 
Hoag Memorial Hospital  
  Presbyterian (CA) 
Holmes Regional Medical Center  
  (FL) 
Holy Cross Hospital (MD) 
Holzer Medical Center (OH)  
Hôpital du Sacré-Coeur de 
 Montreal (Montreal, Quebec, 
 Canada) 
Hôpital Maisonneuve - Rosemont 
 (Montreal, Canada) 
Hôpital Saint-Luc (Montreal,  Quebec, 
 Canada) 
Hospital for Sick Children (Toronto, 
 ON, Canada) 
Hospital Sousa Martins (Portugal) 
Hotel Dieu Grace Hospital (Windsor,  
 ON, Canada) 
Huddinge University Hospital  
  (Sweden) 
Hunter Area Pathology Service 
 (Australia) 
Hurley Medical Center (MI) 
Indiana University 
Innova Fairfax Hospital (VA) 
Institute of Medical and Veterinary 
 Science (Australia) 
International Health Management  
  Associates, Inc. (IL) 
Jackson Memorial Hospital (FL) 
John C. Lincoln Hospital (AZ) 
John F. Kennedy Medical Center  
  (NJ) 
Kadlec Medical Center (WA) 
Kaiser Permanente (MD) 
Kangnam St. Mary's Hospital 
 (Korea) 
Kantonsspital (Switzerland) 
Kenora-Rainy River Regional  
  Laboratory Program (Ontario,  
  Canada) 
Kimball Medical Center (NJ) 
King Faisal Specialist Hospital 
 (Saudi Arabia) 
LabCorp (NC) 
Laboratoire de Santé Publique du 
 Quebec (Canada) 
Laboratorio Dr. Echevarne (Spain) 
Laboratório Fleury S/C Ltda.  
  (Brazil)  
Laboratory Corporation of America 
 (NJ) 
LAC and USC Healthcare  
   Network (CA) 
Lakeland Regional Medical Center      
  (FL) 
Lancaster General Hospital (PA) 
LeBonheur Children’s Medical 
 Center (TN) 
Lewis-Gale Medical Center (VA) 
L’Hotel-Dieu de Quebec (Canada) 

Libero Instituto Univ. Campus  
   BioMedico (Italy) 
Loma Linda Mercantile (CA) 
Louisiana State University  
   Medical Center 
Lourdes Health System (NJ) 
Maccabi Medical Care and Health  
   Fund (Israel) 
Magnolia Regional Health Center 
 (MS) 
Maimonides Medical Center (NY) 
Malcolm Grow USAF Medical 
 Center (MD) 
Marion County Health Department 
 (IN) 
Martin Luther King/Drew Medical   
 Center (CA) 
Massachusetts General Hospital 
 (Microbiology Laboratory) 
MDS Metro Laboratory Services  
  (Burnaby, BC, Canada) 
Medical College of Virginia  
  Hospital 
Medicare/Medicaid Certification, 
  State of North Carolina 
Memorial Medical Center (IL) 
Memorial Medical Center (LA) 
 Jefferson Davis Hwy 
Memorial Medical Center (LA) 
 Napoleon Avenue 
Mercy Hospital (ME) 
Methodist Hospital (TX) 
Michigan Department of 
 Community Health 
Middlesex Hospital (CT) 
Mississippi Baptist Medical Center 
Montreal Children’s Hospital 
  (Canada) 
Montreal General Hospital (Canada) 
National University Hospital   
 (Singapore) 
The Nebraska Medical Center 
New Britain General Hospital (CT) 
New England Fertility Institute (CT) 
New England Medical Center (MA) 
New Mexico VA Health Care 
 System 
New York University Medical 
 Center 
NorDx (ME) 
North Carolina State Laboratory of 
  Public Health 
North Central Medical Center (TX) 
North Shore - Long Island Jewish  
  Health System Laboratories (NY) 
North Shore University Hospital 
 (NY) 
Northwestern Memorial Hospital  
  (IL) 
Ochsner Clinic Foundation (LA) 
O.L. Vrouwziekenhuis (Belgium) 
Ordre professionnel des  
   technologists médicaux du  
  Québec 
Ospedali Riuniti (Italy) 
The Ottawa Hospital 
   (Ottawa, ON, Canada) 
OU Medical Center (OK) 
Our Lady of the Resurrection 
 Medical Center (IL) 
Pathology Associates Medical 
 Laboratories (WA) 
The Permanente Medical Group  
  (CA) 
Piedmont Hospital (GA) 
Pocono Medical Center (PA) 
Presbyterian Hospital of Dallas  
  (TX) 

Providence Health Care 
Provincial Laboratory for Public 
 Health (Edmonton, AB, Canada) 
Queen Elizabeth Hospital (Prince  
  Edward Island, Canada) 
Queensland Health Pathology 
 Services (Australia) 
Quest Diagnostics Incorporated  
  (CA) 
Quintiles Laboratories, Ltd. (GA) 
Regions Hospital 
Research Medical Center (MO) 
Rex Healthcare (NC) 
Rhode Island Department of Health  
  Laboratories 
Riverside Medical Center (IL) 
Riyadh Armed Forces Hospital 
  (Saudi Arabia) 
Robert Wood Johnson University 
 Hospital (NJ) 
Royal Columbian Hospital (New    
  Westminster, BC, Canada) 
Saad Specialist Hospital (Saudi 
 Arabia) 
Sahlgrenska Universitetssjukhuset 
 (Sweden) 
Saint Mary’s Regional Medical  
  Center (NV) 
St. Alexius Medical Center (ND) 
St. Anthony Hospital (CO) 
St. Anthony’s Hospital (FL) 
St. Barnabas Medical Center (NJ) 
St-Eustache Hospital (Quebec,  
  Canada) 
St. Francis Medical Ctr. (CA) 
St. John Hospital and Medical 
  Center (MI) 
St. John’s Hospital & Health Center 
 (CA) 
St. Joseph’s Hospital - Marshfield  
  Clinic (WI) 
St. Joseph’s Hospital & Medical 
 Center (AZ) 
St. Jude Children’s Research 
 Hospital (TN) 
St. Luke’s Regional Medical  
  Center (IA) 
St. Mary of the Plains Hospital    
  (TX) 
St. Michael’s Hospital (Toronto, 
 ON, Canada) 
Ste. Justine Hospital (Montreal, PQ, 
  Canada) 
San Francisco General Hospital  
   (CA) 
Santa Clara Valley Medical Center    
   (CA) 
Sentara Williamsburg Community 
  Hospital (VA) 
Seoul Nat’l University Hospital   
  (Korea) 
Shands at the University of Florida 
So. California Permanente Medical 
 Group 
South Bend Medical Foundation  
   (IN) 
South Western Area Pathology       
  Service (Australia) 
Southern Maine Medical Center  
Southwest Texas Methodist Hospital 
 (TX) 
Spartanburg Regional Medical 
 Center (SC) 
Specialty Laboratories, Inc. (CA) 
State of Washington Department of  
  Health 
Stony Brook University Hospital 
 (NY) 

Stormont-Vail Regional Medical  
  Center (KS) 
Sun Health-Boswell Hospital (AZ) 
Sunnybrook Health Science Center 
 (ON, Canada) 
Swedish Medical Center - 
 Providence Campus (WA) 
Temple University Hospital (PA) 
Tenet Odessa Regional Hospital 
 (TX) 
The Toledo Hospital (OH) 
Touro Infirmary (LA) 
Tripler Army Medical Center (HI) 
Truman Medical Center (MO) 
Tuenmun Hospital (Hong Kong) 
UCLA Medical Center (CA) 
UCSF Medical Center (CA) 
UNC Hospitals (NC) 
Unidad de Patologia Clinica 
 (Mexico) 
Union Clinical Laboratory (Taiwan) 
University Hospitals of Cleveland 
 (OH) 
University of Alabama-Birmingham  
  Hospital  
University of Chicago Hospitals 
 (IL) 
University of Colorado Hospital 
University of Debrecen Medical 
 Health and Science Center 
 (Hungary) 
University of Illinois Medical Center 
University of the Ryukyus (Japan) 
The University of the West Indies 
University of Virginia Medical 
  Center 
University of Washington 
UroCor, A Divison of Dianon 
 Systems, Inc. (OK) 
UZ-KUL Medical Center (Belgium) 
VA (Hines) Medical Center (IL) 
VA (Kansas City) Medical Center  
  (MO)  
VA (San Diego) Medical Center  
  (CA) 
VA (Tuskegee) Medical Center  
  (AL)  
Valley Children's Hospital (CA) 
Vejle Hospital (Denmark) 
Virginia Department of Health 
ViroMed Laboratories (MN) 
Warren Hospital (NJ) 
Washington Adventist Hospital 
 (MD) 
Washoe Medical Center  
  Laboratory (NV) 
Waterford Regional Hospital  
 (Ireland) 
Wellstar Health Systems (GA) 
West Jefferson Medical Center (LA) 
West Shore Medical Center (MI) 
Wilford Hall Medical Center (TX) 
William Beaumont Army Medical 
 Center (TX) 
William Beaumont Hospital (MI) 
William Osler Health Centre 
 (Brampton, ON, Canada) 
Winn Army Community Hospital  
  (GA) 
Winnipeg Regional Health 
 Authority (Winnipeg, Canada) 
Wishard Memorial Hospital (IN) 
Yonsei University College of  
  Medicine (Korea) 
York Hospital (PA) 
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