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Standard Practice for
Competency Requirements of Reference Material Producers
for Water Analysis !

This standard is issued under the fixed designation D 6808; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilonef indicates an editorial change since the last revision or reapproval.

1. Scope ISO Guide 31:2000 Contents of Certificates and Labels of

1.1 This practice establishes the general requirements with _Reference Materials o _ _
which a reference materials (RM) producer has to demonstrate ISO/IEC Guide 32:1997 Calibration in Analytical Chemis-
that it operates, if it is to be recognized as competent to _try and Use of Certified Reference Materials
produce RMs used for water analysis. ISO Guide 34:2000 General Requirements for the Compe-

1.2 This practice establishes the quality system require- _te€ncy of Reference Material Producers _
ments in accordance with which waters RMs shall be pro- SO Guide 35:1989 Certification of Reference Materials—
duced. It is intended to be used as part of a RM producer's _General and Statistical Principles
general QA procedures. RM producers shall define their scope /SO 3534 Series: 1993 Statistics—Vocabulary and Symbols
in terms of the application, the measurement methods used in VIM: 1993 International Vocabulary of Basic and General
the homogeneity, stability and characterization studies. Terms in Metrology (issued by ISO, IEC, BIPM, IFCC,

1.3 This standard does not purport to address all of the IUPAC, IUPAP and OIML) o
safety concerns, if any, associated with its use. It is the SO Guide to the Expression of Uncertainty in Measure-
responsibility of the user of this standard to establish appro- ~ ment: 1995 (issued by ISO, IEC, BIPM, IFCC, IUPAC,
priate safety and health practices and determine the applica- UPAP and OIML)

bility of regulatory limitations prior to use. 3. Terminology

2. Referenced Documents 3.1 For the purposes of this practice, the definitions given in
2.1 ASTM Standards: Terminology D 1129, ISO/IEC Guide 2, ISO/IEC 17025, ISO
D 1129 Terminology Relating to Water Gui_dg_ 30, ISO 8402, ISO 3534, VIM and the following
D 6362 Practice for Certificates of RMs for Waters Analy- definitions apply. _ _

si 3.1.1 collaborator—technically competent body (organiza-
2.2 ISO Documents: tion or firm, public or private) that undertakes aspects of the
ISO/IEC 17025:1999 General Requirements for the ComMmanufacture, or characterizatiqn, of the (certified) RM on

petence of Calibration and Testing Laboratories behalf of the RM producer, eqher on a contractual (as a
ISO 8402:1994 Quality Management and Quality Sub-contractor) or voluntary basis. .

Assurance—\Vocabulary 3.1.2 reference material producertechnically competent

ISO 10012-1:1992 Quality Assurance Requirements foPody (organization or firm, public or private) that is fully
Measuring Equipment—Part 1: Metrological Confirma- Feésponsible for assigning the certified or other property values

tion Systems for Measuring Equipment of the RMs it produces and supplies, which have been
ISO/IEC Guide 2:1996 Standardization and RelatedProduced in accordance with ISO Guide 35, Practice D 6362,
Activities—General Vocabulary and ISO Guide 31.

ISO Guide 30:1992 Terms and Definitions used in Connec,,

; ) . 4. Significance and Use
tion with Reference Materials ) o )
4.1 This practice is for the use by RM producers in the

development and implementation of their quality system and
* This practice is under the jurisdiction of ASTM Committee D19 on Water and by those concerned with assessing the competence of RM
is the direct responsibility of Subcommittee D19.02 on General SpecificationSproducerS_ It should be recognized that a RM needs to be

Technical Resources, and Statistical Methods. . . . .
Current edition approved June 10, 2002. Published July 2002. characterized mainly to the level of accuracy required for its

2 Annual Book of ASTM Standardgol 11.01.
3 Available from American National Standards Institute, 25 W. 43rd St., 4th
Floor, New York, NY 10036.

Copyright © ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959, United States.
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intended purpose (that is, appropriate measurement uncesy all personnel concerned. In particular, the producer shall
tainty). The RM producer shall describe the procedure fohave a quality system that covers the following:

establishing the quality of materials as a component of the (a) Arrangements for ensuring the suitable choice (for

quality system. example, particle size range, concentration range, etc.) of the

4.2 This practice is for the use of RM users in the estabecandidate RMs;
lishment if a RM producer has a quality system adequate to (p) Preparation procedures;
produce high quality RMs. It can be used by users to determine (c) Achievement of the required degree of homogeneity of
if the scientific and technical competence of a RMs producer ig,o RM:
adequate to ensure the quality of RMs. This practice is . . .
congistent with the requiren?entsyll‘or RM producers%stablished (d). Assessment of the §t_ab|llty of the RM; .|nclud|ng
in 1ISO Guide 34. on-going assessment of stablllty where nece:'ssa.\ry,

4.3 This practice does not specify specific protocols for the €) Procgdures fpr qndertakmg ch'a}ractenzgnon, )
contents of RMs certificates of analysis, for calibration in _(T) Practical realization of traceability to national or inter-
analytical chemistry and use of certified RMs and for certifi-national standards of measurement;
cation of RMs. For this information, users are referred to  (9) Assignment of property values, including preparation

Practice D 6362, 1ISO Guide 32, and I1SO Guide 35. of certificates or statements in accordance with Practice
D 6362 when appropriate;
5. Organization and Management Requirements (h) Arrangements for ensuring adequate storage facilities;
5.1 Quality System Requirements (i) Arrangements for suitable identification, labeling and

5.1.1 The RM producer shall establish, implement andPackaging facjlities, packing and delivery procedures and
maintain a quality system appropriate to the scope of jtEustomer service; and
activities including the type, range and magnitude of the RM  (j) Compliance with ISO Guides 30, 34 and 35 and Practice
production it undertakes. D 6362.
5.1.2 Quality Policy. It is encouraged that the documented quality system specify
5.1.2.1 The RM producer shall define and document itgvhich activities are undertaken by the RM producer and, where
policy, objectives and commitment to ensuring and maintainfelevant, which activities are undertaken by collaborators and
ing the quality of all aspects of RM production, including shall include policies and procedures used by the producer to
material quality (that is, homogeneity and stability), characterensure that all activities conducted by collaborators comply
ization (that is, equipment calibration and measuremenith the relevant clauses of this practice.
method validation), assignment of property values (that is, use 5.1.3.2 The documented quality system shall define the
of appropriate statistical procedures) and material handlingpoles and responsibilities of the technical manager (however
storage and transport procedures. named) and quality manager including their responsibilities for
5.1.2.2 The quality policy shall, when appropriate, includeensuring compliance with this practice.
use of interlaboratory characterization studies employing labo- 5.2 Organization and Management
ratories that are active and competent in the respective field of 5.2 1 The RM producer, or the organization of which it is
measurement in this context. The policy shall include apart, shall be legally identifiable.

commitment o interact_ Wit.h the appropriate sectors _Of the 5.2.2 The RM producer shall be organized and shall operate
measurement community in order to prevent working N, q,0h 5 way that it meets all the applicable requirements of
isolation. The po_I|cy shall also mclud_e_z_;\ commitment 10 ;¢ practice whether carrying out work in its permanent

produce RMs which conform to the definitions given in 1SO ¢ qjjities or at sites (including associated temporary or mobile
. .%cilities) away from its permanent facilities (including work

Guide 35 and whose property values are assessed using dertaken by collaborators).
accepted statistical techniques. The policy shall, where appro- 523 The RM producer shall:
priate, include a commitment to comply with Practice D 6362 ~ " P ) ' )
for the contents of RM certificates and supply of associated (&) Have managerial personnel supported by technical

information for users. It is important that the policy also personnel with the authority and resources needed to discharge

specifies the intended use of the RMs in order to ensure that tBeir duties and to identify the occurrence of departures from
RM producer fully advises the user which types of applicationt"€ quality system or the procedures for the production of RMs
the materials may be used. and to initiate actions to prevent or minimize such departures.

5.1.3 Quality System (b) Have arrangements to ensure that its management and

5.1.3.1 The RM producer shall establish, implement and)ersonnel are free from any commercial, financial and other
maintain a documented quality system appropriate to the typépter_nal and _external pressures that may adversely affect the
range and volume of RM production it undertakes. The Rmduality of their work;
producer shall document all of its policies, systems, programs, (c) Have policies and procedures to ensure the protection of
procedures, instructions, findings, etc., to the extent necessaig client’s confidential information and proprietary rights;
to enable the producer to assure the quality of the RMs (d) Have policies and procedures to avoid involvement in
produced. Documentation used in this quality system shall bactivities that might diminish confidence in its competence,
communicated to, understood by, available to and implementeidnpartiality, judgement or operational integrity;
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(e) Define, with the aid of organizational charts, the 5.3.3.1 Changes to documents (including documented pro-
organization and management structure of the RM producer, itsedures) shall be reviewed and approved by designated per-
place in any parent organization, and the relations betweesonnel performing the same function as that conducted for the
management, technical operations, support services, collaborariginal review and approval unless specifically decided oth-
tors and the quality management system; erwise. The designated personnel shall have access to pertinent

(f) Specify the responsibility, authority and inter- background information to base their review and approval.
relationships of all personnel who manage, perform or verify 5.3.3.2 Where practicable, the nature of the change shall be
work affecting the quality of production of RMs; identified in the document with appropriate attachments.

(g) Have technical management, which has overall respon- 5.3.3.3 If the RM producer’s documentation control system
sibility for the technical operations and the provision of theallows for the amendment of documents by hand, pending the
resources needed to ensure the required quality of eadg-issue of the documents, the procedures and authorities for
operation which forms part of the RM production; such amendments shall be defined and shall ensure that

(h) Appoint a member of staff as quality manager (however@Mmendments are initialed and dated. Documents amended by
named) who, irrespective of other duties and responsibilities}and shall be marked, signed and dated and shall be formally
shall have defined responsibility and authority for ensuring thafe-issued as soon as practicable. _ _
the requirements of this practice are implemented and followed 5-3.3-4 Procedures shall be established to describe how

at all times. The quality manager shall have direct access to tHfé'anges in documents maintained in computerized systems are

highest level of management at which decisions are taken omade. _

(i) Where appropriate, appoint deputies for key managerial 5.4.1 When rglevant, each request, tender or contract (see
personnel such as the technical and quality managers. Note 2) concerning the production of a RM shall be reviewed

5.3 Document and Information Control by the RM prodl_Jcer to ensure that: ,
531 General (a) The requirements are adequately defined, documented

and understood;

5.3.1.1 The RM producer shall estaplish and maintain pro- (b) The RM producer has the capability (see Note 3) and
cedures to control all documents (both internally generated anﬂesources to meet the requirements;

from external sources) and other information that forms part o (©) In the case of external contracts (see Note 4) any

its quality documentation. These may include documents o&ifferences between the contract or order requirements and

external origin such as standards, guides, test and/or calibrati Rose in a tender are resolved to the satisfaction of the RM
methods as well as specifications, instructions and manuai;r

related to the RM under production (see Note 1). oducer and the customer or client.
) ) ) ) Note 2—The request, tender or contract review should be conducted in
Note 1—In this context “document” means any information or instruc-  practical and efficient manner and the financial, legal and time schedule
tion including policy statements, text books, procedures, specificationsgspects be taken into account.
calibration tables, charts, software, etc. These may be on various mediaNOTE 3—Capability means that the RM producer possesses the neces-

Wheth_er hard' or electronic and they may be digital, analogue, phOtOéary equipment, intellectual and information resources and that its
graphic or written.

personnel have the skills and expertise necessary for the production of
5.3.2 Document Approval and Issue those RMs in question. The review of the capability may include an

- . ssessment of previous RM production and/or the organization of inter-
. 5.3.2.1 All documents (including dOCumented prOCGduregil'slboratory characterization programs using samples of similar composi-
issued to personnel as part of the quality system shall bg,, o the RMSs to be produced.
suitably controlled. This shall include review and approval for . 4—Aa contract may be any written or verbal agreement to provide

use by authorized personnel prior to issue. A master list Ok customer or client with RMs from stock or custom-produced respec-
equivalent identifying the current revision status of documentsively.

in the quality system shall be established and be readily
available to preclude the use of invalid and/or obsoleteD

documents. ) . . . . .
discussions with a customer relating to the customer’s require-

°.3.2.2 The.procedqr.es adopted shall. also ensure that: ments or the results of the work during the period of execution
(@) Authorized editions of appropriate documents ar€qs the contract or request.

available at all locations where operations essential to the 5 4 3 The review shall include any work that has to be
effective production of RMs are performed, sub-contracted by the RM producer.
(b) Documents are periodically reviewed and, where nec- 5 5 Jse of Collaborators
essary, revised to ensure continuing suitability and compliance 5 5 1 The RM producer shall establish and maintain proce-
with applicable requirements; dures to ensure that all tasks performed by collaborators
(c) Invalid or obsolete documents are promptly removedcomply with specifications set by the RM producer for such
from all points of issue or use, or otherwise assured againghsks. The RM producer shall ensure also that collaborators

5.4.2 Records of such reviews including any changes shall
e maintained. Records shall also be maintained of pertinent

unintended use; and comply with any clauses of this practice relevant to the tasks
(d) Obsolete documents retained for legal or informationalperformed by them for the RM producer.

purposes are suitably marked. 5.5.2 The RM producer shall select collaborators based on

5.3.3 Document Changes their ability to meet sub-contracted requirements in terms of
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both their technical competence and any specific quality (e) Remedial actions are taken within a defined timeframe;

assurance requirements relevant to their tasks. The technical (f) Where necessary, the results of non-conforming RMs

requirements to be satisfied by collaborators shall be equivaleaiready distributed to customers are recalled; and

to the technical requirements specified in Section 5 of this (g) The responsibility for authorization of the resumption

practice. of work is defined.

5.5.3 The RM producer shall maintain a register of all

collaborators used in the production process, and include Re ; ; o - ;

quallty system or with certification activities can occur at various

record of any assessments made of their abll_'t'es to carry O'ﬂiaces within the Quality System such as: customer complaints, quality
sub-contracted tasks according to the requirements of thigntrol, checking of consumable materials, staff observations or supervi-

practice (see Note 5). sion, certificate checking, management reviews, and internal or external

. . . audits.
Note 5—The RM producer is always responsible for ensuring that a

collaborator is competent. The collaborator should be able to demonstrate 5.8.2 Where the evaluation indicates that the supply of
compliance with the requirements of this practice for all sub-contractechon_conforming RMs could recur or that there is doubt about
work. the RM producer’'s compliance with its own policies and
5.6 Procurement of Services and Supplies procedures, the corrective action procedures in 5.9 shall be
5.6.1 The RM producer shall have policies and procedurepromptly followed to identify the causes of the problem and to
for the selection of services and supplies that affect the qualitgliminate them.
of its RMs. 5.9 Corrective Action
5.6.2 The RM producer shall use only those services and 5.9.1 General
supplies that are of adequate specification to ensure the quality5.9.1.1 The RM producer shall establish a policy and
of its RMs. procedures and shall designate appropriate authorities for
5.6.3 When no formal approval of the quality of servicesimplementing corrective action when non-conforming RMs or
and supplies is available, the RM producer shall have procedepartures from the policies and procedures in the quality
dures to ensure that purchased materials and services com@ystem have been identified (see Note 7).
with specified requirements and records of actions taken shall , . . .
be maintained. _ Note 7—A problg_m with the quallty_ system or _v_\nth t(_ecr_\nlcal opera-
. tions may be identified through a variety of activities within the quality
5.6.4 The RM producer shall ensure that purchased equiRystem such as control of non-conforming RMs, internal or external
ment and consumable materials are not used until they havgidits, management reviews, feedback from clients, or staff observations.
been inspected, calibrated or otherwise verified as complyin . . -
with stan%ard specifications or requirements defined in Fs)pyecﬁ 5.9.1.2 Any corrective action taken to eliminate the causes

fications for production, characterization and certification of itsOf non-conformances or other departures shall be to a degree

RMs appropriate to the magnitude of the problems and commensu-

5.6.5 The RM producer shall maintain records of the mainra?gvitg ﬂ_}i nsé:/lencodunteredr.] I d 4 impl
suppliers and collaborators from whom it obtains supplies ~7 =% € producer shall document and implement
required for the production of RMs. These records should"Y reduired changes to the operational procedures resulting
include any quality assurance approval the suppliers and/ fom corrective action investigations as described in this
collaborators hold. section. _

5.7 Client Feedback 5.9.2 Cause AnaIySIs

5.7.1 The RM producer shall have a policy and procedures 5.9.2.1 Corrective action procedures shall include an inves-
for the resolution of complaints or other feedback receivedigation process to determine the causes of the problem (see
from its customers or other parties. Records shall be mainote 8).
tair]ed of all complaints and of the investigations and corrective nore 8—This is sometimes the most difficult, but the key part in the
actions taken by the RM producer. corrective action procedure. Often the root cause is not obvious and thus

5.8 Control of Nonconforming (Poor Quality) RMs a careful analysis of all potential causes of the problem is required.

5.8.1 The RM producer shall have a policy and proceduregotential causes could include, inter alia, the nature of the RM and its
that shall be implemented when it establishes that any aspect 6?ecification, methods and procedures used for characterization, staff
its production activities do not conform with its own specified skills and training, and the materials and equipment (and/or its calibration)

. . used in the production processes.
production procedures (see Note 6). The policy and procedures P P

Note 6—The identification of non-conforming RMs or problems with

shall ensure that: 5.9.3 Corrective Actions
(a) Responsibilities and authorities for the management of 5.9.3.1 The RM producer shall identify possible causes and
non-conforming work are designated; potential corrective actions. It shall select the actions most

(b) The actions which must be taken when any non-likely to eliminate the problem and to prevent it recurring.
conforming RMs are identified are defined, together with a 5.9.4 Monitoring of Corrective Actions
system which ensures they are implemented; 5.9.4.1 After having implemented the action plans, the RM
(c) An evaluation of the significance of the non-conforming producer shall monitor the results to ensure that the actions
work is made; taken have been effective in overcoming the problems origi-
(d) Work is halted and, if appropriate, certificates withheld nally identified.
as necessary; 5.9.5 Management Review
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5.9.5.1 The results of corrective action shall be submittedvhich it is no longer probable that they will be referred to,
for management review. taking into account the period for which the RM remains valid.

5.10 Preventative Action 5.11.2.2 The results of each calibration or measurement (or

5.10.1 All operational procedures shall be systematicallyseries of either) carried out by the RM producer and, where
reviewed at regular intervals to identify any potential sourcesppropriate, its collaborators, shall be reported unambiguously
of non-conformances and any opportunities for improvementand objectively, in accordance with any instructions in the
either technical or with the quality system. Action plans shallcalibration or measurement methods. The results shall nor-
be developed, implemented and monitored, to reduce thmally be reported in a calibration or measurement report and
likelihood of occurrence of such non-conformances and to takshall include all information necessary for interpretation of the
advantage of the improvement opportunities (see Note 9). calibration or measurement results and a summary of the

Note 9—Preventative action is a pro-active process to identify im- method employed (see Note 13).
provement opportunities, rather than a reaction to the identification of Nore 13—This is for internal reports of the RM producer and should
problems or complaints. TQM tools such as brainstorming, flowchartingnot be confused with a certificate of analysis or certification report which
mind-mapping and parieto charts will assist this process. is supplied with a RM to the customer or client.

5.10.2 After the implementation of the preventative actions, 5.12 Internal Audits
the RM producer shall monitor the results to establish any 5.12.1 The RM producer shall, periodically and in accor-
reduction in deficiencies or other improvements in this operadance with a predetermined schedule and procedure (see Note
tional area, thereby establishing the effectiveness of the prel4), conduct internal audits of its activities to verify that its

ventative action. operations continue to comply with the requirements of the
5.10.3 The results of preventative actions shall be submitteguality system and the requirements of this practice. The

for management review. internal audit program shall address all elements of the quality
5.11 Records system, including the technical and production activities lead-
5.11.1 General ing to the finished product (RM). It is the responsibility of the

5.11.1.1 The RM producer shall establish and maintairfluality manager to plan and organize audits as required by the
procedures for identification, collection, indexing, access, storschedule and requested by management. Such audits shall be
age, maintenance and disposal of quality (see Note 10) arfrried out by trained and qualified personnel who are, wher-
technical records (see Note 11). ever resources permit, independent of the activity to be audited.
Personnel shall not audit their own activities except where it is
the extent of the fulfilment of the requirements for quality or the necessary and it can be demonstrated that an effective audit has

effectiveness of the operation of the quality system. For example, theg’een carried out.
include reports from internal audits and management reviews and correc- Note 14—The schedule for internal auditing should normally be
tive and preventative action records. completed in one year.

Note 11—Technical records are accumulations of data and information 5.12.2 When audit findings cast doubt on the effectiveness

which result from carrying out testing and calibration procedures and f the operations or on the correctness or validity of its RMs

which indicate whether specified quality or process parameters agh . . :
achieved. They include forms, contracts, work sheets, work books, checdf’€ RM producer shall take timely corrective action and shall

sheets, control charts/graphs, calibration reports/certificates and papeR®tify, in writing, its customers whose activities may have been
reports and certificates to customers and clients. adversely affected.
5.12.3 All audit findings and corrective actions that arise
om them shall be recorded. The RM producer’'s management
shall ensure that these actions are discharged within an
ppropriate and agreed timescale.
5.13 Management Reviews
5.13.1 The RM producer’s senior management shall peri-
Note 12—Records may be in the form of any type of media, such aspdically (see Note 15) conduct a review of it's quality system

Note 10—Quality records are records providing objective evidence of

5.11.1.2 All records shall be legible and shall be stored an
retained in such a way that they are readily retrievable, and i
facilities that provide a suitable environment to prevent dam
age, deterioration or loss (see Note 12). Retention times dt
records shall be established and recorded.

hard copy or electronic media. and production processes to ensure their continuing suitability
5.11.1.3 All records shall be held secure and, where apprcand effectiveness and to introduce any necessary changes or
priate, in confidence to the client. improvements. The review shall take account of reports from

5.11.1.4 The RM producer shall have procedures to protednanagerial and supervisory personnel, the outcome of recent
electronically-held data at all times and to prevent unauthointernal audits, assessments by external bodies, feedback from
rized access to, or amendment of, such data. customers, including complaints and other relevant factors.

5.11.2 Records and Reports Note 15—A typical period for conducting a management review is

5.11.2.1 The RM producer shall establish and maintain @nce every year. Results should feed into the corporate planning program
record system to suit its particular circumstances and to complgnd should include the goals, objectives and action plans for the coming
with any applicable regulations. The RM producer shallyear.
arrange for all individual measurement observations, appropri- 5.13.2 Findings from management reviews and the actions
ate calculations and derived data (for example, statisticahat arise from them shall be recorded. The management shall
treatments and uncertainty budgets), calibration records arehsure that these actions are discharged within an appropriate
preparation reports to be retained for a defined period beyonand agreed timescale.
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6. Technical and Production Requirements acceptable results on well-characterized materials of similar or
6.1 Management, Staffing and Training equivalent nature to that of the RM would also be considered

6.1.1 The production of RMs should, where possible, only2PPropriate. In the limit, the RM producer may have no
be undertaken by organizations having experience in théboratories facilities, but shall ensure that all scientific work
production of the particular type of RM (or related material), ascarried out by collaborators which may contribute to the
well as having experience in the measurement of the propertic$signment of the property values of interest is fit for that
being determined. The RM producer and any associateBUrPose and in compliance with the above requirements.
collaborators shall have managerial staff with the necessary 6-2.2 The RM producer shall ensure that all details of the
authority, resources and technical competence required t®€thodology, results and all the performance procedures of
discharge their duties. Measurement of the property of intere@ny collaborators are available, if required, and that a register/
shall be completed by, or under the supervision of a technicallfiatabase of all collaborators and their accreditation/quality
competent manager qualified either in terms of suitable acasystem/other forms of competence status is maintained.
demic qualifications or relevant work experience. The RM 6.3 Production Planning
producer's management shall define the minimum levels of 6.3.1 The RM producer shall identify and plan those pro-
qualification and experience necessary for the key posts withinesses which directly affect the quality of RM production and
its body. shall ensure that they are carried out in accordance with

6.1.2 The RM producer shall have sufficient personnelprescribed procedures.
having the necessary education, training, technical knowledge 6.3.2 Organizational and technical input of the different
and experience for their assigned functions (see Note 16). collaborators involved shall be identified and the necessary
information documented and regularly reviewed (see Note 18).
measurements should have a degree or appropriate level qualificatiolk‘, mechanism (for exa_mple, a managemenﬂteChm?al advisory
together with adequate experience in the field working with a more senio8foup) shall be established to make recommendations on how
scientist making measurements at an equivalent level of accuracy. to plan the production processes.

Note 16—For example, a staff member undertaking thermal expansio

6.1.3 The RM producer shall also ensure that staff receive Nore 18—These could include recommendations for production, set-
additional training, when necessary, to ensure competent peting up a monitoring system (to ensure timeliness and quality for each
formance of measurements, operation of equipment and arpyoduction phase) and having an evaluation procedure to assess the
other activities which affect quality (see Note 17). WhereProduction processes retrospectively.

pOSSibIe, ObjeCtive measures should be used to assess th%gs In p|anning the production processes, the RM pro-
attainment of competence during training. ducer will need to have procedures and service facilities, where
Note 17—The need to retrain staff periodically should be considered®PPropriate, for:

(for example, the RM producer should have in place a policy for retraining (&) Material selection (including, where appropriate, sam-
staff when a method or measurement technique is not in regular use). Stagiling);
training and r_etraining _policies s_hould ta!<e account of technological (b) Maintaining suitable environments for all aspects of
change and aim at continuous skill upgrading. production;

6.1.4 The RM producer shall maintain an up-to-date record (c) Material preparation:;
of the training that each staff member has received. These (d) Measuring/testing;
records shall provide evidence that individual staff members (e) Calibration/validation of equipment/measurement
have been adequately trained and that their competence fQethods:
complete particular types of material preparation and measure- (f) Assessing material homogeneity:

ment has been assessed. (g) Assessing material stability;

6.2 Collaborators LY . L
6.2.1 Where a RM producer undertakes any part of th?ors(-h) Organizing interlaboratory studies with its collabora-

procedure for the production or characterization of a RM on an (i) Assigning property values based on the results of

interlaboratory basis, the producer shall be able to demonstrate .
reasurements;

that the experience of any collaborators is sufficient, and that . Produci tainty budaet d tainty int |
the results produced are of the required quality. In assessing the 0) roducing uncertainty budgets and uncertainty intervais
the assigned property values;

competence of a collaborator, the RM producer shall requiréO . - "
information on the collaborator's knowledge of the subjectand ~ (K) Ensuring adequate storage facilities and conditions;
details of past experience in the field (for example, valid results (1) Ensuring adequate packaging facilities;

for comparable measurements). In the latter context, the (M) Ensuring appropriate transport arrangements; and
producer may consider distributing materials of a comparable () Ensuring an adequate post-distribution service;

matrix whose property values are well established and at 6.4 Production Contral

appropriate concentration levels, ranges, etc., prior to distrib- 6.4.1 The RM producer shall identify the verification pro-
uting any candidate RM samples. Evidence of collaboratorsedures necessary to ensure the quality of each stage of RM
being accredited to ISO/IEC 17025 when testing is carried outproduction, and shall assign adequate resources and personnel
or registered to the 1ISO 9000 series for other activities, willfor such activities. These activities should include inspection,
generally be appropriate. Evidence of collaborators participattesting and monitoring of all stages of production.

ing in a relevant proficiency testing scheme and producing 6.5 Environment
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6.5.1 The RM producer shall ensure that all laboratory 6.6.5 The RM label shall be securely attached to the product
accommodation, calibration and measurement arm, materiglackaging of an individual RM unit, and shall be designed to
preparation and packaging areas, energy sources, lightinggmain legible and intact within the period of validity of the
temperature, pressure and ventilation are such as to facilitateaterial (that is, the expiration date). The label shall identify
proper material preparation and packaging as well as prope¢he material, the producer, its batch and catalogue numbers,
performance of calibration and measurements (see Note 19)and any other information necessary to enable the material to

. . ) _ . be uniquely distinguished and referenced, where appropriate,
Note 19—Itis imperative that all possible precautions are taken agalnsfo its statement or certificate

possible contamination of the RM during its production and certification.
All RM production and testing areas, in addition to satisfying require- 6.6.6 The RM producer shall make arrangements to ensure

ments for humidity and temperature, should be protected from vibrationth€ integrity of each RM throughout the entire production
airborne dust and microbiological contamination, magnetic fields angorocess. Where contractually specified, this protection shall be
electromagnetic radiation (as appropriate). For example, the packaging eéixtended to include delivery to destination.

a cement material will require conditions of low humidity, and the g 7 Post-Distribution Service

preparation and characterization of a material in which the content of 5 7 1 The RM producer shall establish, document and main-

traces of lead is to be measured will require clean-room conditions t?ain rocedures for ensuring that corrective action is under-
prevent contamination from airborne lead particulates due to car emis- P 9

sions. Clean-room conditions may also be required for other types of tractKen whenever a product is found not to conform to the
analysis. specified requirements. Any resultant changes (for example, in

6.5.2 The RM producer shall also ensure that all enViron_::jﬁrocedures or data) should be recorded, and all purchasers of

al . ; | b laborator invol the RM notified if there is a change to its assigned property
mental requirements are also met by any coliaborator INVolveg, eg (for example, as a result of additional measurement

in any production process. studies) within the period of the validity of the material.

6.5.3 Where appropriate to do so, the environment in which g 7 2" The RM producer should also provide an advisory
thgse activi_ties are und_ertaken shall be monitored with appraservice to offer guidance (including a complaints procedure)
priately calibrated equipment, controlled and recorded, suchnq technical services to users. Where the goods are subject to
that results and processes are not adversely affected. resale through a distributor, the RM producer should make

6.5.4 Appropriate health, safety and environmental protecarrangements with the distributor to keep records of purchasers
tion precautions shall also be implemented where necessapf the RMs.

(for example, when handling pesticides or serum). 6.8 Material Preparation

6.6 Material Handling and Storage 6.8.1 The RM producer shall establish whether the item or
6.6.1 In order to avoid any contamination, the RM producermaterial has received adequate preparation for its intended use.
shall identify, preserve and segregate (that is, from otheProcedgres for material preparation should include, where
chemicals and samples) all candidate materials and RMs fro@ppropriate:
the time of preparation through to their distribution to users. (&) Qualitative analysis for verification of material type;
6.6.2 The RM producer shall ensure adequate packaging of (0) Machining, grinding, blending, sieving and riffling (that
all RMs (for example, where appropriate, use air-free,iS; dividing into representative samples);
moisture-free or inert gas packaging) and provide secure (C) Determination of particle size distribution;
storage areas/stock rooms which prevent damage or deteriora- (d) Cleaning of sample containers; o
tion of any item or material between characterization and (€) Drying (including lyophilisation) and sterilization;
distribution. Appropriate methods for authorizing dispatch to, (f) Packaging (for example, bottling, etc.) representative
and receipt from, such areas should be stipulated. samples from the batch;

6.6.3 The condition of all stored/stocked items and materi- (9) Homogeneity testing; and y ,
als shall be assessed at appropriate intervals throughout thei (h) Stability testing over a range of gondmons ‘_N_h'Ch may
storage life in order to detect possible deterioration. affect the property values and/or matrix composition of the

6.6.4 The RM producer shall control packing and markingRMS being produced (for example, different levels of humidity,

rocesses to the extent necessary to ensure conformity with trt]ee:mperature, light. magnetic fields, etc.).
P y Y 6.8.2 The RM producer shall be able to demonstrate that the

safety and transport requirements (see Notes 20 and 21). candidate RM is sufficiently homogeneous, that is, the differ-
Note 20—The proper distribution of samples, for example, can presen€nce, if any, between units must be smaller than the uncertainty

a severe problem for some types of material which require uninterruptefimits stated in the certificate (see Note 22).

storage in a freezer, or which should not be exposed to X-rays, shocks or ) ) )

vibrations. Most types of chemical materials would benefit from air-tight NOTE 22—A relatively inhomogeneous material may be the best

packaging to avoid contamination by atmospheric contaminants (fofvailable, and may therefore still be useful as a RM provided the

example, fuel vapors or engine exhaust gases) which may be encounterdgcertainties of the assigned property values take due account of this.

during transport. 6.9 Assessment of Homogeneity and Stability

Note Zlf_hThe RM producerdhas Ia r:esporl‘shibi”%’ to ‘;”sll("e that the g g 1 Where appropriate, the RM producer shall carry out an
integrity of the RM is maintained until the seal has been broken, or up tg ! . .
the point when presented for analysis. The producer cannot be heﬁssessmem of the homogeneity of any candidate RM by

responsible for the material once its seal has been broken. This me@/nalyzmg a representative numb?r of rand0m|y= systemgtically
require, in some cases, that the RM be packaged in unit quantitie@r Stratified randomly chosen units appropriate to the size of
sufficient for a single use. the lot being produced (see Note 23). This should be done by
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means of a measurement method, the repeatability of which is 6.9.4 The RM producer shall provide details of the homo-
fit for the purpose required (that is, good enough to nofgeneity and stability studies carried out in accordance with the
contribute significantly to the combined uncertainty). Therequirements of ISO Guide 35 and Practice D 6362.
assessment procedure shall be documented and conducted i5.10 Measurement Methods
accordance with acceptable statistical procedures. 6.10.1 The RM producer and its collaborators shall use
_ appropriate documented methods or procedures, which include
Note 23—For RMs that are expected to be homogeneous on physmz&rotocms defining approaches to be adopted for different

grounds, the main purpose of homogeneity testing is to detect unforese annal ses. calibrations. measurements and related activities
problems, for example differential contamination during packaging into Y ’ ’

individual units, or incomplete dissolution or equilibration of an analyte inW'thm_ their respon5|b|llty ('n_C|Ud'ng preparatlon. of items,

a solvent (which could lead to steadily changing concentrations). For these@mpling, handling, preservation, storage, packaging, transport
types of examples, systematic sampling (for example, 1 from every 500 collaborators, estimation of measurement uncertainty and

samples produced in a continuous process, sampling at regular intervaggalysis of measurement data). It is encouraged that these
for each sub-batch in those cases where the sub-batch can be defined) mgtivities be consistent with the required accuracy, where

often be a better way to de_tect |nhomoger_1e|ty t_han random samphn_g _(f ppropriate, of the RM, and with any standard specifications

example, segregation of fine/coarse particles in a powder). A statistic elevant to the measurement concerned.

trend analysis may also be helpful in detecting inhomogeneity. If the .
material is produced in several batches, it will be necessary to test the 0-10-2 Measurement methods developed in-house by the

equivalence of the batches (or to assign property values to each batéhM producer, or by any collaborators, shall be validated and
separately). The assessment should be performed after the material hagthorized (for example, by a management/technical advisory
been packaged in its final form unless stability studies indicate that storaggroup or appropriately defined person) before use. Such
should be maintained in bulk form. In some cases, an intermediatgnethods shall be thoroughly investigated, and shall clearly and
homogeneity check may be necessary (for example, prior to ampoulinghyactly describe the necessary conditions and procedures for

Where appropriate, the property values to be assessed showipich the measurement of the property values of interest are
be measured periodically, ideally over a range of conditionyalid at the level of accuracy commensurate with the intended
under which the material is to be stored prior to distribution touse of RM (see Note 27).
the user. The effects of light moisture, heat and time shall be o 27—in some cases, RMs will be characterized for method
quantified in order to provide advice on storage location andiependent properties (for example, leachable metals, pH or flash point).
lifespan (and hence a suitable shelf-life/expiry date) (see Notes

24 and 25). 6.10.3 Where sampling is carried out as part of the mea-

surement method (for example, sub-sampling a representative
Note 24—Stability testing can only be performed after sufiicient quantity from a batch of material), the RM producer shall use

homogeneity has been demonstrated. Then any sample (assuming that idecumented procedures and appropriate statistical techniques
not smaller than the samples used to test homogeneity can be considergfltake test portions.
representative; there is no constraint on the number of samples required, 6.11 Measuring Equipment

nor any requirement to choose them randomly. However, there will be 6.11.1 Measuring equipment used in RM production shall

variation in results depending on the repeatability and intermediatgeee | lib d ified d intained with all
precision measure of the technique and so replicate tests should properly calibrated or verified and maintained with a

performed. procedures being documented and the results recorded. Where
Note 25—When the intended use of a RM is for the calibration of a @PPropriate, periodic performance checks should be carried out
method requiring a small quantity of test sample, (for example, graphitéfor example, to check the response, stability, linearity, reso-
furnace AAS or ICP-OES), it will be necessary to assess the homogeneitytion, alignment, repeatability and separating efficiency) to
on sample sizes of only several 100 g to a few mg. ensure that the measuring equipment is performing adequately.

6.9.2 The sample size at which the homogeneity of the rM he frequency of such performance checks shall be determined

has been established shall be specified on the documentati8)f €xPerience and based on the type and previous performance

supplied by the RM producer. It is encouraged that thiof the equipment. Intervals between checks shall be shorter

documentation also state the minimum sample size for use. thgn the 'time within Whi‘?h .the. equipment has.been found_ to
. . rift outside acceptable limits in accordance with the require-
6.9.3 Where appropriate, an assessment of the stability

. .7 Tnhents of ISO 10012-1.
the assigned property values of the RM performed at periodic 6.11.2 Any item of equipment that has been subjected to
intervals after characterization to confirm that all values are o

L . o . verloading or mishandling, shown to provide suspect results,
maintained from production until its expiry date (see Nolte 26)'or shown by verification or otherwise to be defective, shall be

Wherever appropriate, the RM producer shall provide ano .. igentified, withdrawn from service, and wherever

?’fp'rly de:jte for the usabkﬁ_ life ofdt_he RMS prolc_iuced, p?]s?ggrbossible, stored at a specified location until repaired and shown
initial and on-going stability studies in compliance wit by calibration, verification or test to perform satisfactorily. The

Gwc_ig 35 Itis en'couraged thgt It be maqle clear. on theyy producer shall review the implications for results obtained
certificate of analysis on what criteria the expiry date is basegjsing such equipment, with particular regard to the extent of

(I]Or gxamp:cle, the dat(; of cerkt|f|c_at|on, the date of shipment of, cajibration deviation, the results involved and the allowable
the date of opening the packaging). tolerance on the results. Where results have been significantly
Note 26—Some certificates may have more than one expiry date. Foll €fror, the RM producer shall have the results checked and

example, a date from certification, or a date from opening the container b§hall take appropriate remedial action. Records of the review
the user. and any checks/remedial action shall be maintained.
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6.11.3 Each item of equipment, including any measuremertion of unauthorized access to, and amendment of, computer
standard, that is used in the calibration/validation ofrecords. Hard copies of all computer records and computer disk
equipment/measurement methods used for RM productionopies of programs should, where possible, be retained in order
shall, when appropriate, be labeled, marked or otherwiséo overcome potential difficulties in comparing new data with
identified to indicate its calibration status and expiry date. Thiglata obtained using outdated/replaced software.
shall include reagents used in chemical analysis, microbiologi- 6.13.3 All technical data relating to the RM production shall
cal testing, etc. be retained in accordance with the requirements of 6.11.2.

6.11.4 All measuring and testing equipment having an effect 6.14 Characterization
on the accuracy or validity of calibrations or measurements ¢ 14.1 The RM producer shall use and document technically
shall be calibrated and/or verified before being commissionegajid procedures to characterize its RMs. Where possible, the

into service. The RM producer and its collaborator shall haveharacterization should comply with the requirements of 1ISO
an established program for the calibration and verification oGyide 35 (see Note 29).

measuring and test equipment.
6.11.5 The overall program of calibration and/or verification Note 29—There are several technically valid approaches to character-
of equipment shall be designed and operated so as to ensd’ﬂgg a RM as described in ISO Guide 35. These include carrying out

. easurements usingt)(a single primary (definitive) method, preferably
that, wherever applicable, measurements made by the RI duplicate, by a single organization (which may consist of a number of

producer are traceable to nation and/or international standardgparate laboratoriesg)(two or more independent reference methods by
of measurement through an unbroken chain of comparisonsne organization; the methods should have small measurement uncertain-
with stated uncertainties. Calibration certificates of measureties relative to the intended use by of the RM; the characterization should
ment instruments shall, wherever appropriate, indicate th&e corroborated by additional methods or laboratorigsa(network of
traceability to national standards of measurement and Sh#b%allfled organizations using methods of demonstrable accuracy and

. . . ving an assessment of known and acceptable measurement uncertainty;
provide the measurement results and associated uncertainty ot @) a method-specific approach (interlaboratory study) giving only

measurement. . o method-specific assessed property value(s). Depending on the type of RM,
6.12 Traceability and Validation its intended use, the competence of the laboratories involved and the
6.12.1 Where traceability can be related to stated referenaguality of methods employed, one approach may be chosen as appropriate.
(usually national or international standards of measuremenf)he single primary (definitive) approach should only be carried out when
through an unbroken chain of comparisons, all having statefe equipment and expertise enable it to ensure traceability to the $I
uncertainties, the RM producer and its collaborators shaI?yStem' More usually, a property value can be reliably assessed when its

value is confirmed by several collaborators working independently and

provide documentary evidence of the traceability of measurel]sing more than one method, for each of which the accuracy, repeatability

ments (see Note 28). and reproducibility have been well established. Generally, the RM
producer will need to select collaborators in such a manner as to ensure
meeting the objective of the production program, including ensuring an
adequate level of quality for the RMs being produced, as defined by the

6.12.2 Where this cannot be achieved, the RM produceproducer and, where appropriate, the user.
shall provide satisfactory evidence of the correlation of results
with other stated values, either by exhaustive evaluation of th
measurement process or by correlation with known and ac-
cepted national and/or international certified RMs.

6.13 Data Evaluation

6.13.1 The RM producer shall ensure that calculations an
data transfers are subject to appropriate checks, including those™
from its own sources or, where appropriate those from it%echni ues used:
collaborators. d '

6.13.2 Where computers/computers-controlled systems are (b) Policies on treatment and investigation of statistical

used for the capture, processing, evaluation, recording, repor?—u“'ers and/or the use of robust statistics (see Note 30);

ing, storage or retrieval of calibration or test data, the RM  (€) Whether separate, method-dependent property values

producer shall ensure that, for itself and collaborators: are assigned when significant differences are established using
(a) Computer software is validated wherever possible different methods (see Note 31); _

especially when developed in-house, and is adequate for use; (d) Whether weighting techniques are used for contribu-
(b) Procedures are established and implemented for prdions to assigned property values derived from different meth-

tecting the integrity of data; it is encouraged that suchPds with different measurement uncertainties;

procedures include, but are not limited to, integrity of data  (€) The methods used to assign measurement uncertainties

entry and capture, data storage, data transmission and ddtathe property values (see Note 32); and

processing; (f) Other significant factors which may affect the assign-
(c) Equipment is maintained to ensure proper functioningment of property values (see Note 33).

E.md is provided with the e_nVIronmentaI_ and operating condi- Note 30—The RM producer should never rely entirely on a statistical

tions necessary to maintain data integrity; analysis of the characterization data when assessing the property values of

(d) Appropriate procedures are established and implemterest. Outliers should not be excluded on purely statistical evidence
mented for the maintenance of data security, including prevenuntil they have been thoroughly investigated and, where possible, the

Note 28—A more complete discussion on the concept and require
ments of traceability is given in Appendix A.

6.15 Assignment of Property Values and Their Uncertain-
es

6.15.1 The RM producer shall use documented procedures
based on accepted statistical principles for the assignment of
aroperty values. These procedures should include, as appropri-
te:

(a) Details of the experimental designs and statistical
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reasons for the discrepancies identified. Alternatively, the use of robust Note 34—This should always be based on a combination of the
statistics may be appropriate in some cases. uncertainties arising from the corrections for recognized systematic errors,

Note 31—When several methods have been used to characterize a RNhe uncertainties arising from possible systematic errors and the uncer-
difficulty may arise when the results show significant differences, in whichtainty due to random variations of repeated observations. Ideally, the latter
case a property value based on the mean is inappropriate. It is essentialghould constitute the smaller proportion of the uncertainty of a particular
such cases that the RM producer and its collaborators have consideraljjeoperty value. In some cases, it may be necessary to make uncertainty
experience of the different methods and be able to give more or lesgstimates based on experience with the measurement methods and their
weight to the results from the use of a particular measurement method. Fegliability. In such cases, the justification should be described.

example, the means from two (or more) measurement methods may differ \.- 35__The most important aspect of establishing the property

statistically, but the results from both methods may agree within th 5,65 of the RM being produced is an assessment of their measurement

Eeasgrirtne(:jnt unc%r_talntty ?t: eaCh meth??H In some casfes, tkrze resﬂt:ltz Tlﬂ'Ycertainties. Every measurement has an uncertainty associated with it.
€ weighted according 1o the Inverse ot the variance of éach method. Broper assessment and correction of all recognized and correctable

some cases, measurement mEthOds will produce irreconcilable fe_s”'ts iﬁ\g‘stematic errors should be carried out and the uncertainties associated
it may be necessary to assign separate property values according to (¢ h these corrections assessed. An educated assessment of measurement

mﬁhodz;s?} gz;t Ir?i’na Tﬁggﬁg};ﬁ:g'{f t%zprcr’gCQZ' values of interestuncer'[ainty arising from possible systematic errors should also be made
OTE S gning property based on, for example, the results of intercomparisons.

any uncertainties resulting from between-unit variations and/or from
possible instabilities (both during storage and during transportation) must 6,16 Certificates and Information for Users

be included. . o
Note 33—In assigning the property values of interest, the RM producer 6.16.1 The RM producer shall issue a statement or certifi-

should consider establishing a group of independent experts whosate, "?‘S appr_oprlate,l Comml%”'ca“”g information about the
responsibility is to check that all work, data and documents are fit for theiRM; this shall include information on the property values, their
purpose. It is also necessary for the RM producer to demonstrate th@eaning, their uncertainties at a defined confidence level and,
traceability of the property values in accordance with the requirements ofvhere appropriate, the expiry date of the material. The state-
ISO Guide 35. ment or certificate shall also contain information for the user on

6.15.2 The RM producer shall carry out an assessment dhe proper application of the RM and on potential problems in
the uncertainties of the assigned property values (see Notes 88 use. The contents of the certificates shall comply with the
and 35). requirements of Practice D 6362.

APPENDIX
(Nonmandatory Information)

X1. EXAMPLES OF TRACEABILITY OF THE PROPERTY VALUES OF RMs

X1.1 Concept of Traceability mass, all of which are readily traceable to the SI by means of

X1.1.1 The term traceability is becoming increasingly used’nst_ruments calibrated by or traceable to values obtained at
to describe the reliability of measurements, but it is not alwayd!ational metrology laboratories.
clear what is meant. Essentially, traceability implies an unbro- X1.1.3 In the case of RMs for chemical composition,
ken path (with stated uncertainties) to some higher levegstablishing traceability will often involve more steps. For
accuracy or authority. In an absolute sense, this means to ttfxample, the analyte of interest is usually determined by the
base system of measurement units (International System @hysical response of an analytical instrument only after carry-
Units (SI) or their derivatives. However, it has been moreing out a number of processes such as sampling, dissolution or
generally defined in the International Vocabulary of Basic ancextraction, as well as separation by chromatography or more
General Terms in Metrology (VIM) as “the property of a result traditional wet-chemical methods. Any or all of these processes
of a measurement whereby it can be related to appropriat@ay constitute links in the traceability chain, each with its own
standards, generally international or national standardgincertainty. The analytical chemist must therefore assess how
through an unbroken chain of comparison.” In other wordsgfficient each process has been in completely retaining the
when the result of a measurement is described as traceable aifalyte, either unchanged or stoichiometrically converted to
is essential to specify to what (values of) “appropriate stananother chemical species up to the point that the traceability
dards” traceability has been established. It may be to a baghain may be broken, and in separating it from substances
unit of the SI (such as the ampere), to a mass fraction numbewhich interfere with the final instrumental measurement.
to a defined scale (such as pH or hardness) or to a value X1.1.4 When the property is expressed in terms of the
resulting from the use of a method described in a national oamount of substance, the analyst is faced with a particular
international standard. problem. Because of the extensive use of a balance in a

X1.1.2 In the case of RMs for physical properties, it ischemical laboratory, the property values of most RMs certified
usually possible to establish traceability via a series of instrufor chemical composition are expressed as mass fractions or
ment calibrations to the appropriate base units of the SI. Fomass/volume per mass (concentration), rather than amount of
example, the certification of a RM for specific heat capacity issubstance which must be expressed in moles/mass. However,
based on measurements of electrical energy, temperature andrking in mass is a very good approximation of working in

10
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moles. The RM producer is therefore concerned with demonef elements or compounds are certified, it is not sufficient to

strating that the methods used are the most reliable availabkstablish traceability for the determinant.

for the determination of a particular analyte in a particular X1.3.2 Gas Mixtures

matrix and defining the units used, for example, grams of lead X1.3.2.1 The certification of RMs of this type is the most

per gram of blood, or grams of DDT per gram of animal tissue easily traceable of all materials, for chemical composition in

that comparisons (by gas chromatography) or other analytical

X1.2 Certification of Reference Materials methods) can be made with primary mixtures prepared gravi-
X1.2.1 As noted in the main text, ISO Guide 35 recognizegnetrically. The traceability of the primary standard is estab-

four main procedures for the certification of reference materilished by the traceability of the masses to national standards of

als: mass, the atomic/molecular masses of the components, and by

(a) Measurement by a single, primary, definitive method inthe purity of the components. It is also necessary to establish
a single laboratory; the stability of the mixture in gas cylinders by the regular

(b) Measurement by two or more independent referencéntervals and by comparing measurements on newly prepared
methods in one laboratory; mixtures with those which have been subjected to prolonged

(c) Measurement by a network of qualified laboratoriesStorage.
using one or more methods of demonstrable accuracy; and ~ X1.3.3 Pure Chemical Compounds

(d) A method-specific approach (inter-laboratory study) X1.3.3.1 It is usually not possible to determine the major
giving only method-specific assessed property values. constituent with sufficient accuracy to derive a meaningful

X1.2.2 A primary definitive method is considered to be onevalue of purity, except for substance where accurate titrimetric
where the property “is either directly measured in terms of thgnethods can be employed. Methods based on the melting
base units of measurement or indirectly related to the base unitharacteristic (for example, differential scanning calorimetry)
through physical or chemical theory expressed in exact mathmeasure total impurity but require the substance to be stable at
ematical equations.” The term can thus be used to includés melting temperature, and are only reliable when the system
analytical chemical methods even where the result is nois ideal and the impurities do not form solid solutions in the
necessarily “in accordance with a definition of the unit” asmain component. When direct methods are not applicable, the
required by VIM. Even where such a high quality chemicalanalytical chemist has therefore to seek to separate and
analytical method is available, it is desirable that two or moredetermine all the individual impurities, including the water
analysts make independent determination, preferably witltontent, by as many techniques as possible. Chromatography is
different experimental facilities. most useful for organic compounds because of the variety of
X1.2.3 Certification by interlaboratory testing presupposesseparation and detection systems available, but the problem of

the existence of a number of equally capable laboratoriefiling to resolve impurities which are chemically very similar
employing methods which have been independently validatedp the main component has always to be acknowledged.
and implies that in differences between individual results are X1.3.3.2 The producer of a pure chemical should recognize
statistical in nature and can therefore be treated by purelthat it is equally important to demonstrate the identity of the
statistical procedures. Although this approach to certification isompound as well as its purity. The chemical literature is not
often unavoidable, it frequently provides only comparability free from compounds with wrongly reported structures, and
between laboratories and can lead to apparent authority beireyidence of identity should always be part of the traceability
given to wrong values, especially if the statistical treatment istatement on a certificate of purity.
allowed to predominate over chemical wisdom and judgement. X1.3.4 Trace Elements in Inorganic (Including Water) and
A subset of this procedure is when the analysis is metho®rganic Matrices

specific. X1.3.4.1 The use of isotope-dilution mass spectrometry
X1.2.4 The traceability of RMs can therefore range from a(IDMS) has overcome many of the problems associated with
rigorous chain of instrumental calibrations back to the baSQhe determination of trace elements. Its Capacity to compare
units of the SI to the use of a well-defined reference method. Ihumber ratios of isotopic atoms of different masses without
each case the RM producer will need to consider how to applyuantitative separation of the sample yields results which , in
the relevant principle. What is essential, particularly for alltheory, are directly traceable to the mole. “Spiking” the sample
certified RMs, is that the certificate contains a statement ofyith an isotope of the analyte element, followed by the creation
traceability indicating the principles and procedures on whictof conditions under which isotopic homogenization can occur,
the property values (together with their measurement unceenables the amount of substance ratios of analyte and spike to
tainties) are based. A numerical value without this additionabe determined by mass spectrometry and be largely free from
information is generally considered unacceptable in a RMnatrix effects, which equally influence the analyte and spike.

certificate. X1.3.5 Organic Compounds in Organic Matrices and Wa-
ter:
X1.3 Practical Examples X1.3.5.1 This category of RMs probably presents the great-
X1.3.1 General est problems in establishing measurement traceability. The

X1.3.1.1 The problem of establishing traceability of certi- category includes trace pollutants in organic matrices (for
fied values is considered for some of the main categories afxample, PCBs and dioxins in animal fat), trace pollutants in
water RMs. It must be stressed, however, that if mass fractionsater (for example, pesticides in public water supplies) and

11
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clinical chemical analyses (for example, cholesterol in blood)solutions of selected chemical compounds. Certification of
Even IDMS may not be totally satisfactory since it requires theproperty values for these solutions is based on e.m.f. measure-
availability of a spike, of know purity, which behaves in an ments of specified electrochemical cells under carefully de-
exactly similar way to the analyte in the separation andined conditions, and traceability of the property values of RMs
extraction processes which follow its addition. for pH is to this measurement procedure.

X1.3.6 Compounds Certified for Other Chemical Proper- y; 343 Many of the RMs used in clinical chemistry are

ties certified by the results of reference methods. The catalytic

X1.3.6.1 Some chemical properties cannot be expressed If_,. . . . - .
the base units of the SI or ti?eirpvalues are method o?ependen ctivity of an enzyme in evaluated by its ability to increase the
Nevertheless, traceability is equally important for such mate-rate of a particular chemical reaction under specified conditions
rials but it is t’raceability to a reference method of pH, temperature and concentration. The importance of using

X1.3.6.2 For example, although conceptually pH has absoRMS' rigorously t.raceable.to a reference_ method, for the
lute definition in physical terms, it can only be usefully realizedC@liPration of routine hospital instrumentation has only re-
by assigning values on a practical scale to one or mor&ently been recognized.
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