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V. 연구개발결과의 활용계획
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제 1 장 연구개발과제의 개요
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제 3 장 연구개발 수행 내용 및 결과
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Quality Manual

1. Quality Policy

1. Quality Policy

   The mission of Korea Atomic Energy Research Institute (KAERI) is to promote 

the peaceful utilization of atomic energy by carrying out comprehensive 

researches and developments regarding the atomic energy among energy 

resources, and to contribute to development of national economy and 

enhancement of public welfare by achieving academical progress and growth.

   The objectives of the quality policy of the laboratory is to enhance the 

accuracy and precision of the radioactive material analyses creating advanced 

analytical techniques and their reliabilities based on excellent human resource 

and techniques, and to provide high quality analyses with high degree of safety 

and reliability, and the subsequent services.

   To achieve the quality policy

￭ The quality manual of the analysis of the laboratory is established to 

satisfy the requirements for ISO/IEC 17025:2005.

￭ All of the personnel who may affect the quality of the analyses must be 

fully aware of the requirements of the quality manual, and perform the 

analysis based on the manual.

￭ The president of KAERI designates the director of Nuclear Chemistry 

Research Division (NCRD) as the chief of the laboratory to authorize 

establishment, fulfillment, and maintenance of the quality system.

￭ The president of KAERI has the final responsibility for the analysis 

results.
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Quality Manual

2. Quality Organization

2. Quality organization

Organizational chart of KAERI
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Organizational chart of NCRD
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4. Management Requirements

4.  Management requirements

4.1  Organization

4.1.1  The organization affiliating with the analytical laboratory should be the 

institute responsible for legal issues.  The legal appellation is Korea 

Atomic Energy Research Institute - Nuclear Chemistry Research Division 

(KAERI-NCRD).

The president of KAERI represents the laboratory regarding the analytical 

activities, and takes the final responsibility for the results.

The director of NCRD has responsibilities and rights as the top manager 

of the laboratory regarding the operation of analytical center analysis.

4.1.2  It is the responsibility of the analytical laboratory to carry out its analytical 

activities in such a way as to fulfill the requirements of ISO/IEC 

17025:2005, and to satisfy the needs of the customers, the regulatory 

authorities or organizations providing recognition.

4.1.3  The management system covers the works carried out in the laboratory's 

permanent facilities, at sites away from its permanent facilities, or in 

associated temporary or mobile facilities.

4.1.4  All the personnel who carry out the analysis should be ensured that they 
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are fully aware of their roles to achieve the objectives of the management 

system, and understand the responsibilities, and the rights regarding their 

works.

4.1.5  The laboratory has arrangements to ensure that its management and 

personnel are free from any undue internal and external commercial, 

financial and other pressures and influences that may adversely affect the 

quality of their works.

The laboratory has policies and procedures to ensure the protection of its 

customers' confidential information and proprietary rights, including 

procedures for protecting the electronic storage and transmission of results.

The laboratory has policies and procedures to avoid involvement of the top 

manager, the technical manager, the quality manager, or the analytical 

staffs who may directly involve in and/or affect the analysis in any 

activities that would diminish confidence in its competence, impartiality, 

judgement or operational integrity.

The technical manager provide adequate supervision of analytical staffs, 

including trainees, if any.

4.1.6  The top manager ensures that appropriate communication processes are 

established within the laboratory and that communication takes place 

regarding the effectiveness of the management system.

4.2  Management System

4.2.1  The laboratory establishes, implements and maintains a quality 

management system appropriate to the scope of its activities.

The laboratory documents its policies, systems, programmes, procedures 

and instructions to the extent necessary to assure the quality of the 
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analytical results.

The quality documentations, which are the quality policy, the quality 

manual, the procedure, and the instruction, should be communicated to, 

understood by, available to, and implemented by the appropriate personnel.

4.2.2  The laboratory's management system policies related to quality define the 

laboratory's overall objectives, and include at least the following.

￭ the top manager's commitment to good professional practice and to the 

quality of its analysis in servicing its customers

￭ the tope manager's statement of the laboratory's standard of service

￭ the purpose of the management system related to quality

￭ requirements that all personnel concerned with analytical activities within 

the laboratory familiarize themselves with the quality documentation and 

implement the policies and procedures in their works

￭ the laboratory management's commitment to comply with ISO/IEC 

17025:2005

4.2.3  The top manager provides evidence of commitment to development and 

implementation of the management system and to continually improving its 

effectiveness.

4.2.4  The quality manual includes or makes reference to the supporting 

procedures including technical procedures, and also outlines the structure 

of the documentation used in the management system.

4.2.5  The top manager ensures that the integrity of the management system is 

maintained when changes to the management system are planned and 

implemented.

4.2.6  The quality documentations used to carry out the management system 

consists of the followings.
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￭ LEVEL 1   Quality manual

￭ LEVEL 2   Operation procedure
￭ LEVEL 3   Instruction
￭ LEVEL 4   Forms, records, analytical results, etc.

4.3  Document Control

4.3.1  The laboratory shall establish and maintain procedures to prepare, to 

examine, to approve, to distribute, to correct, to store, to update, and to 

dispose the documents regarding the performance of analysis.

The controlled documents include quality manual, procedures, instructions, 

softwares, specifications, regulations, standards, other normative 

documents, and analytical methods.

4.3.2  All documents issued to personnel in the laboratory as part of the 

management system are reviewed and approved for use by authorized 

personnel prior to issue.

The authorized editions of appropriate documents shall be available at all 

locations where operations essential to the effective functioning of the 

laboratory are performed.

The documents shall be periodically reviewed and, where necessary, 

revised to ensure continuing suitability and compliance with applicable 

requirements.

Invalid or obsolete documents shall be promptly removed from all points of 

issue or use, or otherwise assured against unintended use.

The followings are stated on each pages of the documents generated by 

the laboratory for identification.  Any appropriate stating scheme, such as 

text position, font, and size, is established if necessary.
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￭ the title of the document

￭ the date of issue and/or revision identification, and the date of revision
￭ the total number of pages and page numbering

￭ the issuing authority(ies)

4.3.3  Changes to documents are reviewed and approved by the same manner 

that performed the original review unless specifically designated otherwise.  

The designated personnel should have access to pertinent background 

information upon which to base their review and approval.

The altered or new text are identified in the document or the appropriate 

attachments.  When any additional changes happen afterwards, the 

previous identifications are removed.

If any prompt correction is necessary, the laboratory's document control 

system allows for the amendment of documents by hand.  Amendments 

are clearly marked, initialed by the responsible person or the authorized 

person, and dated. A revised document is formally re-issued as soon as 

possible.

Appropriate management plan and procedure for the documents maintained 

in computerized systems shall be established for approval, publishing, 

correction, maintenance, and disposal of documents.

4.4  Review of requests, tenders and contracts

4.4.1  The laboratory establish and maintain procedures for the review of 

requests, tenders and contracts.  The policies and procedures for these 

reviews leading to a contract for analysis ensure that:

￭ the requirements, including the methods to be used, are adequately 

defined, documented and understood;

￭ the laboratory has the capability and resources to meet the 

requirements;



- 415 -

￭ the appropriate analytical method is selected and is capable of meeting 

the customers' requirements.

Any differences between the request or tender, and the contract are 

resolved before any work commences.  Each contract shall be acceptable 

both to the laboratory and a customer.

4.4.2  For repetitive routine tasks, the review can be made only at the initial 

enquiry stage or on granting of the contract for on-going routine work 

performed under a general agreement with the customer, provided that the 

customer's requirements remain unchanged.  For new, complex or 

advanced analytical tasks, a more comprehensive record should be 

maintained.

4.4.3  If a contract needs to be amended after a work has commenced, the 

same contract review process is repeated and any amendments are 

communicated to all affected personnel.

4.5  Subcontracting of Analysis

4.5.1  The laboratory establishes procedures for partial or entire subcontracting 

calibrations for the instruments involved in the analytical services.

4.6  Purchasing services and supplies

4.6.1  The laboratory has policies and procedure(s) for the selection and 

purchasing of services and supplies, which may affect the quality of the 

analysis.  The laboratory establishes the procedures for the purchase, 

reception and storage of reagents and laboratory consumable materials 

relevant for the analysis.

4.6.2  Services and/or consumable materials shall not be used until they have 

been inspected or otherwise verified as complying with standard 
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specifications or requirements defined in the methods for the analysis 

concerned.

4.6.3  Purchasing documents for items contain the following contents depending 

on the characteristics and the extent of services or supplies.

￭ type, class, grade, and/or precise identification
￭ applying standards, limitations, specifications, procedures and/or 

instructions

￭ other technical specifications
￭ analytical results, analytical methods performed by suppliers, qualifying 
standards, and analysis with purchasers' presence

￭ requirements for packaging, handling, shipping, and storage

4.6.4  The laboratory purchases services, instruments, materials, and 

consumables, which significantly affect the quality of analytical results, from 

the approved suppliers.

4.7  Service to the customer

4.7.1  The laboratory is willing to cooperate with customers or their 

representatives in clarifying the customer's request.  To do so, the request 

for analysis must describe the customer's request clearly and minutely.

The laboratory is willing to cooperate with the customer or the customer's 

representative reasonable access to relevant areas of the laboratory for the 

witnessing of analysis performed for the customer.  The access to the 

laboratory is allowed only when the security of other customers and the 

laboratory are guaranteed.

The laboratory is willing to cooperate with the customer or the customer's 

representative in preparation, packaging, and dispatch of analytical items 

required by the customer for verification purposes.
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4.7.2  The laboratory seeks feedback, both positive and negative, from its 

customers. The feedback is used and analysed to improve the 

management system, the analytical activities and the customer services.

4.8  Complaints

4.8.1  The laboratory has policies and procedures for the resolution of complaints 

received from customers or other parties.  Records are maintained of all 

complaints and of the investigations and corrective actions taken by the 

laboratory.

4.9  Control of nonconforming analysis

4.9.1  The laboratory has policies and procedures that are implemented when 

any aspect of its analysis, or the results of this work, do not conform to 

its own procedures or the agreed requirements of customers.  The policies 

and procedures ensure the following requirements.

￭ The responsibilities and authorities for the management of nonconforming 

work are designated and actions are defined and taken when 

nonconforming work is identified.

￭ An evaluation of the significance of the nonconforming work is made.
￭ The analytical results shall be withdrawn and notified to customers.
￭ The responsibility for authorizing the resumption of work is defined.

4.10  Improvement

4.10.1  The laboratory continually improves the effectiveness of its management 

system through the use of the quality policy, quality objectives, audit 

results, data analysis, corrective and preventive actions and management 

review.

4.11  Corrective action

4.11.1  The laboratory establish policies and a procedure and designate 
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appropriate authorities for implementing corrective action when 

nonconforming work or departures from the policies and procedures in 

the management system or technical operations have been identified.

4.11.2  A careful analysis of all potential causes of the problem consisting the 

management system is required to perform the appropriate corrective 

action, and the results of the action should be documented.

4.11.3  Where the identification of nonconformities or departures casts doubts on 

the laboratory's compliance with its own policies and procedures, or on 

its compliance with ISO/IEC 17025:2005, the laboratory ensures that the 

appropriate areas of activity are audited as soon as possible.

4.12  Preventive action

4.12.1  Required improvements and potential sources of nonconformities, either 

technical or concerning the management system, are identified.  When 

improvement opportunities are identified or if preventive action is required, 

action plans are developed, implemented, and monitored to reduce the 

likelihood of the occurrence of such nonconformities and to take 

advantage of the opportunities for improvement.

4.12.2  Once preventive actions are performed, the laboratory inspects the results 

of the actions by confirming the reductions of faults and the 

improvements to ensure that they are effective.

4.13  Control of records

4.13.1  The laboratory establish and maintain procedures for identification, 

collection, indexing, access, filing, storage, maintenance and disposal of 

quality documents and technical records.

All records should be legible, and are stored and retained in such a way 

that they are readily retrievable in facilities that provide a suitable 
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environment to prevent damage or deterioration and to prevent loss.  The 

laboratory has procedures to protect and back-up records stored 

electronically and to prevent unauthorized access to or amendment of 

these records.

4.13.2  The laboratory retains records of original observations, derived data and 

sufficient information to establish an audit trail, calibration records, staff 

records and a copy of each analytical report issued, for a defined period.

The records for each analysis contains sufficient information to facilitate, if 

possible, identification of factors affecting the uncertainty and to enable 

the analysis to be repeated under conditions as close as possible to the 

original.

The records include the identity of personnel responsible for the sampling, 

performance of each analysis and checking of results.

When mistakes occur in records, each mistake is crossed out, not 

erased, made illegible or deleted, and the correct value entered alongside.

In the case that records are stored electronically, equivalent measures are 

taken to avoid loss or change of original data.

4.14  Internal audits

4.14.1  The laboratory periodically, and in accordance with a predetermined 

schedule and procedure, conducts internal audits of its activities to verify 

that its operations continue to comply with the requirements of the 

management system and ISO/IEC 17025:2005.

The internal audit programme addresses all elements of the management 

system, including the analytical activities.

Audits are carried out by trained and qualified personnel who are, 
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wherever resources permit, independent of the activity to be audited.

4.14.2  When audit findings cast doubt on the effectiveness of the operations or 

on the correctness or validity of the laboratory's analytical results, the 

laboratory takes timely corrective actions, and notifies customers in writing 

if investigations show that the laboratory results may have been affected.

4.14.3  The area of activity audited, the audit findings and corrective actions that 

arise from them shall be recorded. Follow-up audit activities verify and 

record the implementation and effectiveness of the corrective action 

taken.

4.15  Management reviews

4.15.1  In accordance with a predetermined schedule and procedure, the top 

manager periodically conducts a review of the laboratory's management 

system and analytical activities to ensure their continuing suitability and 

effectiveness, and to introduce necessary changes or improvements.

The review takes account of the followings.

￭ the suitability of policies and procedures
￭ reports from managerial and supervisory personnel
￭ the outcome of recent internal audits
￭ corrective and preventive actions
￭ assessments by external bodies

￭ the results of interlaboratory comparisons or proficiency tests

￭ changes in the volume and type of the work

￭ customers' feedbacks, complaints and recommendations for improvement

￭ other relevant factors, such as quality control activities, resources and 
staff training

4.15.2  Findings from management reviews and the actions that arise from them 
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are recorded.  The management ensures that orders, corrective actions, 

and preventive actions identified from the management review are carried 

out within an appropriate and agreed time-scale.
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5. Technical Requirements

5. Technical requirements

5.1  General

5.2  Personnel

5.2.1  The laboratory management ensures the competence of all of the 

personnel who operate specific equipment, perform analysis, evaluate 

results, and sign analytical reports.  When utilizing staffs who are 

undergoing training, appropriate supervision is provided.

Personnel performing specific tasks is qualified on the basis of appropriate 

education, training, experience and/or demonstrated skills, as required.

5.2.2  The laboratory has policies and procedures for identifying training needs 

and providing training of personnel.  The training programme is relevant to 

the present and anticipated tasks of the laboratory.  The effectiveness of 

the training actions taken are evaluated.

5.2.3  The laboratory maintains current job descriptions for managerial, technical 

and key support personnel involved in analysis.  The job descriptions 

define the following as a minimum.

￭ the responsibilities with respect to performing analysis
￭ the responsibilities with respect to the planning of analysis and 
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evaluation of results

￭ the responsibilities for reporting opinions and interpretations
￭ the responsibilities with respect to method modification and development 

and validation of new methods

￭ expertise and experience required
￭ qualifications and training programmes

￭ managerial duties

5.2.4  The laboratory maintains records of the relevant authorization(s), 

competence, educational and professional qualifications, training, skills and 

experience for all technical personnel, including contracted personnel.

5.3  Facilities and environmental conditions

5.3.1  The laboratory secures laboratory facilities for analysis including energy 

sources, lighting, and environmental conditions to prohibit the 

environmental conditions from making the analytical results invalid, or 

effecting the analytical qualities negatively.

The technical requirements for facilities and environmental conditions that 

can affect the results of analysis is documented.

5.3.2  The laboratory monitors, controls and records environmental conditions as 

required by the relevant specifications, methods and procedures or where 

they influence the quality of the results.  The analysis procedure is 

stopped when the environmental conditions jeopardize the results of the 

analysis.

5.3.3  When any contamination to other facilities and/or environment in 

performing analysis is possible, appropriate measures are taken to prevent 

cross-contamination.

5.3.4  Procedures to control access to and use of areas affecting the quality of 
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the analysis are established and performed.

5.4  Analytical methods and method validation

5.4.1  The laboratory uses appropriate methods and procedures for all analysis 

within its scope.  These include sampling, handling, transport, storage and 

preparation of items to be analyzed, and, where appropriate, an estimation 

of the measurement uncertainty as well as statistical techniques for 

evaluation of analysis data.

The laboratory shall have instructions on the use and operation of all 

relevant equipment, and on the handling and preparation of items for 

analysis, or both, where the absence of such instructions could jeopardize 

the results of analysis.

All instructions, standards, manuals and reference data relevant to the 

work of the laboratory shall be kept up to date and be made readily 

available to personnel.

5.4.2  The laboratory uses analytical methods, including methods for sampling, 

which meet the needs of customers and which are appropriate for the 

analysis.

When a customer does not specify the method to be used, the laboratory 

selects appropriate methods that have been published either in 

international, regional or national standards, or by reputable technical 

organizations, or in relevant scientific texts or journals, or as specified by 

the manufacturer of a equipment.

Laboratory-developed methods or methods adopted by the laboratory may 

also be used if they are appropriate for the intended use and if they are 

validated. The customer shall be informed as to the method chosen.
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5.4.3  The introduction of analytical methods developed by the laboratory for its 

own use should be a planned activity and are assigned to qualified 

personnel equipped with adequate resources.

Plans are updated as development proceeds and effective communication 

amongst all personnel involved is ensured.

5.4.4  When it is necessary to use methods not covered by standard methods, 

these are subject to agreement with customers and include a clear 

specification of the customers' requirements and the purpose of the 

analysis.  The method developed has been validated appropriately before 

use.

5.4.5  The laboratory shall validate non-standard methods, laboratory-designed 

/developed methods, standard methods used outside their intended scope, 

and amplifications and modifications of standard methods to confirm that 

the methods are fit for the intended use.

The laboratory evaluates whether the range and the precision of the 

results obtained from the validated methods meet the customers' 

requirements.

5.4.6  A analytical laboratory performing its own calibrations, has and applies a 

procedure to estimate the uncertainty of measurement for types of 

calibrations.

When the nature of the analytical method may preclude rigorous, 

metrologically and statistically valid, calculation of uncertainty of 

measurement, the laboratory at least attempts to identify all the 

components of uncertainty and makes a reasonable estimation, and 

ensures that the form of reporting of the result does not give a wrong 

impression of the uncertainty.
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When estimating the uncertainty of measurement, all uncertainty 

components which are of importance in the given situation are taken into 

account using appropriate methods of analysis.

5.4.7  Calculations and data transfers are subject to appropriate checks in a 

systematic manner.  When computers or automated equipment are used 

for the acquisition, processing, recording, reporting, storage or retrieval of 

analysis data, the laboratory ensures the followings.

￭ Computer software developed by the user is documented in sufficient 

detail and is suitably validated as being adequate for use.

￭ Procedures are established and implemented for protecting the data.

￭ Computers and automated equipments are maintained to ensure proper 

functioning.

5.5  Equipments

5.5.1  The laboratory is furnished with all items of sampling, measurement and 

analytical equipments required for the correct performance of the analysis 

(including sampling, preparation of test items, processing and evaluation of 

analysis data).

5.5.2  Equipments and their softwares used for analysis shall be capable of 

achieving the accuracy required and comply with specifications relevant to 

the analysis concerned.  Calibration programmes shall be established for 

key quantities or values of the instruments where these properties have a 

significant effect on the results.

5.5.3  Equipments are operated by authorized personnel. Up-to-date instructions 

on the use and maintenance of equipments (including any relevant 

manuals provided by the manufacturer of the equipments) shall be readily 

available for use by the appropriate laboratory personnel.

5.5.4  Records shall be maintained of each item of equipment significant to the 
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analysis performed.  The records include at least the following.

￭ the identity of the item of equipment and its software

￭ the manufacturer's name, type identification, and serial number or other 

unique identification

￭ checks that equipment complies with the specification

￭ the current location, where appropriate
￭ the manufacturer's instructions, if available, or reference to their location

￭ dates, results and copies of reports and certificates of all calibrations, 
adjustments, acceptance criteria, and the due date of next calibration

￭ the maintenance plan, where appropriate, and maintenance carried out 

to date

￭ any damage, malfunction, modification or repair to the equipment

5.5.5  The laboratory shall have procedures for safe handling, transport, storage, 

use and planned maintenance of measuring equipments to ensure proper 

functioning and in order to prevent contamination or deterioration.

5.5.6  The equipment that has been subjected to overloading or mishandling, 

gives suspect results, or has been shown to be defective or outside 

specified limits, should be taken out of service.  It should be isolated to 

prevent its use or clearly labelled or marked as being out of service until 

it has been repaired and shown by calibration or analysis to perform 

correctly.

5.5.7  When intermediate checks are needed to maintain confidence in the 

calibration status of the equipment, these checks are carried out according 

to a defined procedure.

5.5.8  Where calibrations give rise to a set of correction factors, the laboratory 

has procedures to ensure that copies (e.g. in computer software) are 

correctly updated.

5.5.9  Analytical equipment, including both hardware and software, shall be 

protected from any adjustments which would invalidate the analytical 
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results.

5.6  Measurement traceability

5.6.1  All equipment used for analysis, including equipment for subsidiary 

measurements (e.g. for environmental conditions) having a significant effect 

on the accuracy or validity of the result of the analysis shall be calibrated 

before being put into service.  The laboratory has an established 

programme and procedure for the calibration of its equipment.

5.6.2  Reference materials, where possible, are traceable to SI units of 

measurement, or to certified reference materials.  Internal reference 

standard materials are checked as far as is technically and economically 

practicable.

Checks needed to maintain confidence in the calibration status of 

reference, primary, transfer or working standards and reference materials 

are carried out according to defined procedures and schedules.

The laboratory has procedures for safe handling, transport, storage and 

use of reference standards and reference materials in order to prevent 

contamination or deterioration and in order to protect their integrity.

5.7  Sampling

5.7.1  The laboratory shall have a sampling plan and procedures for sampling 

when it carries out sampling of substances, materials or products for 

subsequent analysis.  Sampling plans, whenever reasonable, are based on 

appropriate statistical methods.

5.7.2  The laboratory shall have procedures for recording relevant data and 

operations relating to sampling that forms part of the analysis that is 

undertaken.
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5.8  Handling of analytical samples

5.8.1  The laboratory has procedures for transport, receipt, handling, protection, 

storage, retention and/or disposal of analytical samples.

5.8.2  The laboratory has a system for identifying analytical samples throughout 

the whole process of analysis.  The system is designed and operated so 

as to ensure that items cannot be confused physically or when referred to 

in records or other documents.  The system, if appropriate, accommodates 

a sub-division of groups of items and the transfer of samples within and 

from the laboratory.

5.8.3  Upon receipt of the analytical samples, abnormalities or departures from 

normal or specified conditions, as described in the analytical method, 

should be recorded.

When there is doubt as to the suitability of an item for analysis, or when 

an item does not conform to the description provided, or the analysis 

required is not specified in sufficient detail, the laboratory consults the 

customer for further instructions before proceeding, and records the 

discussion.

5.8.4  When items have to be stored or conditioned under specified 

environmental conditions, these conditions are maintained, monitored and 

recorded.

Where an analytical item or a portion of an item is to be held secure, the 

laboratory has arrangements for storage and security that protect the 

condition and integrity of the secured items or portions concerned.

5.9  Assuring the quality of analytical results
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5.9.1  The laboratory has quality control procedures for monitoring the validity of 

analysis undertaken.  The resulting data are recorded in such a way that 

trends are detectable and, where practicable, statistical techniques are 

applied to the reviewing of the results.

5.9.2  Quality control data are analysed and, where they are found to be outside 

pre-defined criteria, planned action is taken to correct the problem and to 

prevent incorrect results from being reported.

5.10  Reporting the results

5.10.1  Series of analysis, or the results of each analysis carried out by the 

laboratory are reported accurately, clearly, unambiguously and objectively, 

and in accordance with any specific instructions in the analytical methods.
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   부록 2. 표준운영절차서 (영문)

Operation Procedure
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Operation procedure

Contents

No. of
Series

No. of
Document

Subject
Issuing

authority
No. of 

Revision

1 NCRD-OP-01 Organization NCRD 9

2 NCRD-OP-02 Management system ＂ 9

3 NCRD-OP-03 Document control ＂ 9

4 NCRD-OP-04 Review of request, tenders and contracts ＂ 9

5 NCRD-OP-14 Internal audits ＂ 9

6 NCRD-OP-17 Personnel ＂ 9

7 NCRD-OP-18 Facilities and environmental conditions ＂ 9

8 NCRD-OP-19
Analytical methods and method 
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＂ 9

9 NCRD-OP-20 Equipment ＂ 9

10 NCRD-OP-21 Measurement traceability ＂ 9

11 NCRD-OP-23 Handling of analytical items ＂ 9

12 NCRD-OP-24 Assuring the quality of analytical results ＂ 9

13 NCRD-OP-25 Reporting the results ＂ 9

 ※ NOD = No. of Document; DOI = Date of Issue; DOR = Date of Revision; NOR = No. 

of Revision
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Operation procedure

Organization

1.  Objectives

This operation procedure describes the organization, responsibilities, 

authorities, interrelationships, and cooperation of the organization performing 

analytical activities to secure the impartiality and confidence in analytical 

activities.

2.  Scope

This operation procedure applies to the organization of the personnel, who 

perform analytical activities, technical supports, and management.

3.  Management of the organization

3.1  The president of KAERI represents the laboratory for the analytical activities, 

and takes the final responsibility for the results.

3.2  The president may change the analysis related documentations, such as the 

quality manual and the standard operation procedure, when any changes in 

the management system including organization and personnel are necessary.  

The necessities is determined through quality audit to ensure completeness.

3.3  The president designates a top manager to delegate responsibilities and 

authorities in direction and supervision on analysis, and security of required 

resources.
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3.4  The president ensures to establish a laboratory's management system, and 

has the top manager, the technical manager, and the quality manager carry 

out the following tasks based on the appropriate procedure in this operation 

procedure to improve the validity of the management system.

1) Ensuring communication regarding importance in satisfying customers' 

requests as well as legal and regulation requests

2) Establishing a policy and a objective of quality

3) Fulfilling management review

4) Guaranteeing availability of resources

3.5  The laboratory delegates responsibilities and authorities to a technical 

manager in technical management and security of resources required to 

ensure the quality of analytical services.

3.6  The management system also covers the works carried out at sites away 

from the laboratory's permanent facilities, or in associated temporary or 

mobile facilities.

3.7  The laboratory appoints a quality manager for integrated maintaining and 

managing of the management system, who has regulated responsibilities and 

authorities, ensures to carry out and to comply with the management 

system, and reports severe problems in quality control directly to the top 

manager.

3.8  The laboratory appoints deputies of the technical manager and the quality 

manager at the times of accidents.

3.9  All the personnel who carry out the analysis are ensured that they are fully 

aware of their roles to achieve the objectives of the management system, 

and responsibilities and authorities for their works.
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4  Ensuring of confidence and impartiality of analysis

4.1  The laboratory has arrangements to ensure that its management and 

personnel are free from any undue internal and external commercial, 

financial and other pressures and influences that may adversely affect the 

quality of their works.

4.2  The laboratory has policies and procedures to ensure the protection of its 

customers' confidential information and proprietary rights, including 

procedures for protecting the electronic storage and transmission of results.

4.3  The laboratory has policies and procedures to avoid involvement of the 

managements, the technical manager, the quality manager, and the 

analytical staffs who directly involve in and/or affect the analysis in any 

activities that would diminish confidence in its competence, impartiality, 

judgement, or operational integrity.

4.4  The technical manager provide appropriate supervision of analytical staffs, 

including trainees, if any.

5  Organization

The organization in Korea Atomic Energy Research Institute - Nuclear 

Chemistry Research Division (KAERI-NCRD) which carries out analysis, quality 

control, and supports is shown in Figure 1.

6  Responsibilities and authorities

6.1  President

The president has whole responsibilities and authorities in managing the 

laboratory, and the following responsibilities and authorities in analysis.

1) Establishment of quality policies
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2) The final responsibility for the analytical results

3) Assurance of maintaining integrity in any changes in management 

system

6.2  Top manager

The top manager is delegated the whole responsibilities and authorities for 

the analysis as following by the president.

1) Direction and supervision for analysis

2) Security or support for security of resources required for analysis

3) Approval of the quality manual

4) Approval of the standard operating procedure

5) Approval of job descriptions for the quality manager and the technical 

manager

6) Approval of annual internal audit

7) Approval of reports for management reviews

6.3  Technical manager

The technical manager keeps improving the capability and the management 

system of the laboratory, plays roles in advancing confidence in analytical 

results, and has the following responsibilities and authorities.

1) Reviews, security, or request for security of appropriate budget, 

equipments, facilities, manpower required for analysis

2) Supervision of personnel to protect confidential information and 

proprietary rights relating to analysis

3) Supervision of the analytical staffs including trainees

4) Review of the quality manual

5) Review of the standard operating procedure

6) Approval of the instruction

7) Direction of analysis

8) Review of analytical results, and approval of analytical result reports

9) Review of analytical result reports
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6.4  Quality manager

The quality manager has responsibilities and authorities in the followings 

related to analysis to maintain and to improve the management system, and 

to enhance the capability of analysis.

1) Preparation of the quality manual

2) Preparation of the standard operation procedure

3) Review of the instruction

4) Collection of management review materials and preparation of 

management review reports

5) Establishment of internal investigation plans for analysis and supervision 

of audit including organizing investigation team

6.5  Analytical staffs

The analytical staffs have the following responsibilities and authorities as the 

personnel who perform the analysis.

1) Ensuring protection of customers' confidential information and proprietary 

rights related to analysis

2) Preparing analytical instructions

3) Preparing resports for analytical results

4) Maintaining the environmental condition of analytical laboratories

5) Performing maintenance and calibration of analytical instruments

6) Controlling standard materials

7) Controlling sample handling and maintenance

8) Performing analysis independently

9) Producing analytical data

7.  Qualification of the technical manager

7.1  General requirements
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1) The technical manager is fully aware of the relevant regulations, 

standards, and instructions.

2) The technical manager is fully aware of the analytical methods and 

procedures.

3) The technical manager has the capability of practical work training of 

the analytical staffs.

4) The technical manager has the capability of evaluation for the analytical 

results, such as measurement uncertainty calculation and verification.

8.  Maintenance of secret

8.1  The laboratory should protect the confidential information and proprietary 

rights as following regarding the requested analysis

1) Confidential information and proprietary rights regarding analysis

2) Analytical data and records

3) Analytical reports

8.2  Submission of written pledges

All the personnel performing analysis are free from any undue internal and 

external pressures, are obligated to protect confidential information and 

proprietary rights of customers, and submit written pledges to the president 

for promising to accept any penalties when violation of responsibilities.

8.3  All the personnel preforming analysis are not allowed to participate in any 

activities which may adversely affect qualification, impartiality, judgement, and 

integrity on analysis.

8.4  Access control

8.4.1  Designation of access control area

The laboratory designates access control areas as followings to protect 

confidential information and proprietary rights of the analysis requested by 
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customers, as well as analytical instruments, reagents, and materials.

1) Storage room for analytical data and records

2) Laboratories

3) Other areas requiring special access control

8.4.2  When all other personnel than the laboratory staffs performing analysis or 

relating works (called as 'outsiders') need to access the restrict areas, they 

shall obtain permission from the technical manager in advance.  The 

access of outsider to the restrict areas shall be made in presence of any 

laboratory staffs' guidance.

8.5  The laboratory follows the appropriate procedure described in the record 

control procedure when analytical results are stored in electronic media.
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Figure 1.  organizational chart
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Operation procedure

Management system

1.  Objective 

This procedure describes the constitution and documentation of the 

management system needed in order to assure the quality of the analytical 

results.

2.  Scope

This procedure applies to the documents written in order to fulfill the quality 

policy, the quality manual, and the requirements of the quality manual.

3.  Establishment of the management system

3.1  Management system follows the requirement of ISO/IEC 17025:2005 and a 

proper system for the condition of organization and the scope of analysis is 

established.

3.2  The laboratory documents its policies, systems, programmes, procedures and 

instructions to the extent necessary to assure the quality of the analytical 

results

3.3  The system’s documentations, which are the quality policy, quality manual, 

standard operation procedure, and instruction, are communicated to, 

understood by, available to, and implemented by the appropriate personnel.
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4.  Quality policy

The laboratory's management system policies related to quality should define 

the laboratory's overall objectives, and include at least the followings.

1) The laboratory management's commitment to good professional practice 

and to the quality of its analysis in servicing its customers

2) The management's statement of the laboratory's standard of service

3) The purpose of the management system

4) A requirement that all personnel concerned with analytical activities 

within the laboratory familiarize themselves with the quality 

documentation and implement the policies and procedures in their works

5) The laboratory management's commitment to comply with ISO/IEC 

17025:2005.

5.  Quality documentation system

5.1  The quality documentation used to carry out the management system 

consists of the followings.

1) LEVEL 1   Quality manual

2) LEVEL 2   Standard operation procedure

3) LEVEL 3   Analytical Instruction

4) LEVEL 4   Forms, records, analytical results, etc.

5.2  Quality manual

Quality manual which describes the quality policy, management system, 

requirements, etc. includes the followings in order to effectively achieve the 

authorized level and results of the quality and satisfy the requirements.  If 

needed, the standard operation procedure and the instructions are prepared 

in order to effectively fulfill the requirements of the quality manual.

1) Quality policy of the president of KAERI 

2) Alternatives for securing the responsibility, rights, reliability, and 
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impartiality of the staffs who deal with analysis and the department and 

organization of the analytical activities, including the technical manager 

and the quality manager

3) Alternatives for organization, documentation, and effective fulfilling of the 

management system

4) Preparation, distribution, maintenance, and amendment of the 

documents

5) Review of the requests, tenders, and contracts

6) Internal audits

7) Training and qualification of the staffs

8) Condition of the facility and environment

9) Confirmation of the analytical method and its effectiveness

10) Management of the equipment

11) Traceability of the measurement

12) Handling of the analytical items

13) Assuring the quality of analytical results

14) Reporting the results

5.3  Standard operation procedure

The standard operation procedure is the document written properly for the 

extent and character of the analysis in order to fulfill the requirements of the 

quality manual by the demands of analysis.

5.4  Analytical Instruction

5.4.1  An instruction describes technical conditions and steps in analysis and 

analytical methods.

5.4.2  An instruction consists of a summary, scope, instruments and chemicals, 

analytical process, calculation, result output, uncertainty, interference, 

disturbance, reference, etc.
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Operation procedure

Document Control

1.  Objective

This procedure describes the management procedures of the documents 

prepared as a part of the whole management system for the analytical 

services.

2.  Scope

This procedure applies to both internal and external documents describing the 

entailed activities, requirements, procedures, standards, directions, 

specifications, etc., which influence the quality of analytical results. 

3.  General aspects

3.1  The documents regarding the analytical services should be managed via 

procedures established and maintained for their preparation, review, 

approval, distribution, modification, storage, disposal and maintenance for 

updates.

3.2  Such documents include quality manuals, standard operation procedures 

(SOP), analytical instructions, softwares, specifications, regulations, standards, 

any codes of conduct and analytical procedures.

3.3  For the management of standards the corresponding process described in 

'Confirmation of Analytical Procedure and Its Validity' is employed.
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4.  Document approval and publication

4.1  The quality manual is prepared by the quality manager, reviewed by the 

technical manager, and subsequently approved by the top manager.  The 

technical manager can use a review committee during the review process 

and are responsible for storage and management of the related data.

4.2  The standard operation procedure is prepared by the quality manager, 

reviewed by the technical manager and subsequently approved by the top 

manager.

4.3  Analytical instructions are prepared by analytical staffs in charge, reviewed 

by the quality manager, and subsequently approved by the technical 

manager.

4.4  Even after the decision of reviewers or review committee, the highest 

approver can reserve or require modification for the documentation.

4.5  The writers of quality documents assign numbers to the approved 

documents and register them to the 'Managed Document List'.

4.6  External documents (including test standards) are managed by registering 

them on the 'External Document Register'.  When old version documents 

are reused they should be registered again and an indication of 'old version' 

should be remarked on the 'note' column on the registry.

4.7  Numbering Format for Documents and Forms

4.7.1  Document number is assigned as shown in the following example.

NCRD    -     -    

            
Issuing Department     Document Type   Serial Number
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Document 

Type
            Description

   QM : Quality Manual

   OP : Standard Operation Procedure

   TI : Analytical Instruction

4.7.2  Appropriate document assigning system is established for the documents 

not described above.

4.8  To identify issued documents each page on a document includes the 

following items.  Appropriate recording format (location, font, size, etc.) is 

established if necessary.

1) Document title

2) Issue date/Revision date and number

3) Number of total pages in document and each page number

4) Name of issuing department

4.9  Default page size is A4.  Different page size other than A4 can be used if 

required for the reasons of the use and the contents of the document.  

Documents are issued on authorized paper and as a duplicate; the issuing 

department keeps the original copy.

4.10  Upon issuing quality documents their copies are marked with an indication 

of 'managed' or 'non-managed' edition.

4.11  Confidentiality of documents should be maintained when required, with the 

indication of 'Confidential' mark and transferring of those documents outside 

is prohibited without permission.
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4.12  Document writers make notes on 'Managed Document List' about the 

status and history of preparation, revision and disposal of each document.

5.  Document distribution and withdrawal

5.1  Document writers distribute issued documents so that they can be used 

immediately.  Document distribution is managed by using 'Distributed 

Document Register' and confirmed with the signature of document receiver 

on the register.

5.2  Upon distribution document management number is assigned based on the 

distribution sequence.

5.3  Document writers dispose old version document when distributing its 

new/revised version.

5.4  Old documents, as stocked as reference in laboratory, are stored and 

managed with a mark of 'old version'.

6  Document revision

6.1  Documents are revised via the same review and approval procedure with 

that for their preparation.  Reviewers and approvers should be able to 

access the appropriate information supporting revision.

6.2  Modified parts or sections on revise documents are clearly marked with 

appropriate notes.  If any previous revision exists, prior notes are cancelled.  

If modified parts or sections cover a wide range of document and inserting 

notes is not appropriate, 'Full revision' note is put on the right-top corner of 

document.

6.3  Document revision number is entered on the right-top corner of each page 

along with revision date.  The table of content of document also states the 
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revision number.

6.4  To clearly display the content of revision the history of document revision is 

summarized and recorded on separate pages prior to the table of content of 

the corresponding document, not in separate files for record.

6.5  Periodical Revision of Documents

6.5.1  Documents are periodically reviewed, and revised if necessary to 

continuously maintain their suitability and validity and meet new 

requirements.  The quality manual, the standard operation procedure and 

the analytical instructions are reviewed every two years.  Management 

review for the suitability of analytical procedure can serve as or replace a 

periodic review of the year.

6.5.2  The technical manager initiates periodic review processes of standard 

operation procedure and analytical instruction as describe in 6.5.1, and 

revise them if necessary.  Items that need to be reflected on quality 

manual are informed to the quality manager.

6.5.3  The quality manager initiates periodic review processes of quality manuals 

as describe in 6.5.1, and revise them if necessary.  Items that need to be 

reflected on the standard operation procedure and the analytical instruction 

are informed to the technical manager.

6.5.4  The following items are reviewed during periodic review process.

1) Revision of relevant laws/regulations, standards, guidelines, etc.

2) Structural changes of laboratories

3) Appropriateness of allocation of teams and duties

4) Requirements, missing procedures or procedural errors

5) Suitability and validity of relevant documents

6.5.5  Periodic review results including the following items are reported to the top 
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manager.

1) Requirement of revision and revision plan if required

2) Suggestion for implementation of quality assurance plans

3) Suitability and validity of relevant documents

6.6  Document Modification

6.6.1  If immediate modification is required and regular document re-issue 

procedures cannot be processed in time, documents can be modified in 

form of memorandum.

6.6.2  It should be clearly indicated that the corresponding documents are 

modified as memorandum.  Approver or person authorized by approver for 

the documents puts signature and date on them.

6.6.3  Documents modified as memorandum are revised and re-issued as soon 

as possible.

7.  Document storage and maintenance for update

7.1  The technical manager stocks documents at the location where analysis are 

implemented and maintain the newest version of documents by checking 

update.

7.2  The technical manager maintains accessibility of documents to facilitate their 

use by users and keep them under appropriate condition to prevent 

document damage.

8.  Management of electronic documents

8.1  ‘Electronic document' means the type of documents existing within computer 

system.  Such documents also need to be managed by establishing 

management scheme and procedure that is valid and appropriate for their 
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approval, issue, modification, maintenance and disposal.

8.2  To control the access and use of electronic documents booting and screen 

saver passwords are set for the computers handling those documents. 

8.3  Preparation and modification of electronic documents are allowed only by 

the following staff; the original writer, the approver or the person authorized 

by approver. Modified part or section should be indicated with appropriate 

notes or marks.

8.4  For the record of electronic documents, appropriate procedures described on 

'Record Management Procedure' are employed.
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Operation procedure

Review of request, tenders and contracts

1.  Objective

This procedure describes policies and procedures to review test requests, 

tenders, and contracts substantially and effectively.

2.  Scope

This procedure applies to analytical requests, tenders, contracts, and written 

and verbal agreements equivalent to contracts.

3.  Instruction and procedure for review

3.1  The technical manager should review analytical requests, tenders, and 

contracts to ensure the following items considering financial and legal effect, 

and analytical schedule.

1) The requirements, including the methods to be used, are adequately 

defined, documented, and understood.

2) The laboratory has capability and resources to meet the requirements.

3) The appropriate analytical method is selected and is capable of 

meeting customers' requirements.

3.2  Any differences between the request or tender, and the contract are 

resolved before any work commences.  Each contract is acceptable both to 

the laboratory and customers.
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4.  Maintenance of review records

4.1  The laboratory maintains the following items regarding the reviews of 

requests, tenders, and contracts, and the progress of analytical services 

after making contracts.

1) Contents of reviews for request, tenders, and contracts

Possession and selection of appropriate analytical method

Possession of capabilities and resources to comply with customers' 

requests

2) Substances of discussions with customers on their requests

3) Important changes

4) Substances of discussions with customers on analytical results during 

contracting terms

4.2  For repetitive routine tasks, the review need be made only at the initial 

enquiry stage or on granting of the contract for on-going routine work 

performed under a general agreement with customers, provided that 

customers' requirements remain unchanged.

5.  Contract modification and deviation

5.1  The laboratory follows the same procedure as the original contracting with 

any necessity of changes in contracts once the analysis began.

5.2  The technical management must inform any deviations from contracts to 

customers.
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Operation procedure

Internal audit

1.  Objective

This procedure describes the policies and procedues of the internal audit that 

confirms if management system is consistent with ISO/IEC 17025:2005 and 

the quality policy, and is effectively established and executed for the 

substantial condition of the work.

2.  Scope

This procedure applies to the audit in order to confirm whether the 

management system is properly working and obeys the quality manual, 

standard operation procedure, and analytical instruction related to analysis.

3.  Responsibilities and authorities

3.1  The quality manager establishes a plan of an audit schedule every year.

3.2  The top manager approves the plan of a review schedule every year.

3.3  The quality manager is responsible for the establishment of an audit 

schedule and the organization of a committee for the audit schedule.  

Audit committee consists of more than one auditor. In case that the 

auditors are more than two, the senior auditor is assigned to effectively 

carry out the audit committee.
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3.4  Auditor or the senior auditor among auditors more than two are responsible 

for the preparation of the checking list, the performance of the audit, the 

preparation and the management of the audit report, and the preparation of 

the final report.

4.  Scope of internal audit

4.1  Internal audit is carried out regularly and irregularly for all elements of the 

management system including the analysis.

5.  Audit procedure

5.1  Audit schedule

5.1.1  The top manager approves the annual audit schedule prepared by quality 

manager at the beginning of every year.

5.1.2  The regular audit shall be carried out during the third quarter of a year. 

However, the audit may be rearranged in case of a special issue.  An 

additional audit may be performed if needed according to the status and 

importance of the operation related to analysis.

5.1.3  Irregular audit can be performed in the cases below.

1) when there is a large variation in the point of the function of 

management system such as large reorganization of the analytical 

team or revision of the procedure

2) when the analytical result is in doubt due to frequent occurrence of 

defectives or improper performance of the management system

3) when the audit needs to confirm the corrective action

5.2  Preparation of audit

5.2.1  Audit is performed by more than an auditor appointed by the quality 
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manager.

5.2.2  Auditors shall be the personnel who are independent of the responsibility 

of the audit and shall attend to an audit class and pass the corresponding 

examination at a certificated Institution 

5.2.3  The quality manager may appoint a professional technician as an auditor 

in order to check the specific technical items about the audit.

5.3  Performance of audit

5.3.1  The auditors audit if the analysis is properly performed based on the 

quality manual and the standard operation procedure.

5.3.2  The auditors evaluate whether the items selected from the quality manual 

are effectively performed.

5.3.3  The auditors ensure the fidelity and continuity of the audit, and use the 

audit checking list as means to guide the performance of the audit.

5.3.4  Objective evidence whether a work is performed in accordance with the 

quality manual and relating procedures, is investigated and then recorded 

on or attached at the audit checking table.

5.3.5  Audited items for correction are consulted and the corrective action have 

to be scheduled. Audited items for correction and observed items are 

classified by the criteria below.

1) Audited items for correction:

Items which should be documented in order to correct the item of 

which the precision and validity of the analytical result are not clear.

2) Advisory items:

Items for correction which have potential to progress toward violation 

without keeping an observation even though they do not seem 
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irregular or they are peculiar or exceptional. 

5.4  Audit result and report

5.4.1  Items for correction which are inferred to influence the analytical result 

should be notified to the corresponding customers.

5.4.2  Procedures of request and execution of the correction, confirmation of 

validity, post audit, etc. obey correction procedures.

5.4.3  The quality manager reports the audit result to the top manager.

5.5  Items regarding audit report and correction are kept as a record.
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Operation procedure

Personnel

1.  Objective

This procedure describes the steps training, qualification, and working 

direction in order to have analytical staffs, technical staffs, the technical 

manager, analytical instrument operators, the quality manager, inspectors, 

supervisors, and supporting staffs possess the proper capabilities for 

corresponding works.

2.  Scope

This procedure applies to the analytical staffs and temporarily contracted 

staffs, and trainee who perform the actions related to the analysis.

3.  Responsibilities and authorities

3.1  Top manager

1) Establishment of the objective of education, training, and skills of 

analytical staffs

3.2  Technical manager

1) Arrangement of training schedule and its execution related to the skill 

of analytical staff

2) Entitlement of analytical staffs



- 458 -

3.3  Quality manager

1) Arrangement of training schedule and its execution related to the 

quality control of analytical staffs

2) Arrangement of training schedule and its execution related to the 

common techniques in the field

4.  Employment of analytical staffs

4.1  The technical manager is aware of the number of the staffs needed to 

manage the laboratory and to perform technical work related to analysis, 

and properly arranges the staffs who are technically knowledgeable, 

experienced, and educated. 

4.2  It is ensured that the staffs as followings have enough ability for the works.

1) Operators for specific instruments

2) Analytical staffs

3) Reviewers of the analytical results

4) Signer of analytical reports

4.3  Staffs who are temporarily employed or reserved for technical or supporting 

field should be supervised, be qualified, and observe the quality manual.

5.  Establishment of objective and schedule of training

5.1  The analytical staffs should possess the capability and skills suitable for the 

analytical works.

5.2  The analytical staffs should be properly educated and trained in order to 

maintain the capability, skill, and proficiency for the analysis in charge.

5.3  The training includes ISO/IEC 17025:2005, skill education suitable for this 

quality manual and etc. 
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5.4  The technical manager establishes a training plan with evaluating staff's 

career, education, training, skill level, and surveying the education of relating 

technologies in order to reliably perform current and future analysis.

5.5  The quality manager establishes a training plan with surveying the content 

of education required for training related to the quality, techniques, etc.

6.  Performing of training

6.1  The technical manager performs training based on the education schedule.

6.2  The content of training includes the recent analytical method and standards, 

operation of instruments, data analysis, etc.

6.3  Training results are recorded on a individual training list, which shall be 

accompanied with evidence of training. In case of self study, it is 

ascertained by senior staffs.

6.4  The individual training list provides the evidence that the staff performing the 

analytical works, which influences analytical results, possesses sufficient 

knowledge for the work.

7.  Qualification of analytical staffs

The technical manager qualifies analytical staffs with evaluating the career 

described below.

7.1  Analytical staff shall possess the working ability as below.

1) Ability to understand analytical methods and processes.

2) Ability to operate analytical facilities and instruments

3) Ability to interpret analytical results
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4) Ability to check and maintain analytical facilities

7.2  Analytical staff shall satisfy the followings in the evaluation of technical 

ability.

1) Accuracy and precision for the analytical method and result shall follow 

the standard of ISO 5725-1, 2, 3, 4, 6.

2) Uncertainty of analytical result using a standard shall be below the 

permissible level. 

3) Result of mastery examination shall be satisfactory.

7.3  Analytical staff shall study and pass the each process of legal education 

opened by certificated institute of education.

8.  Job description

8.1  Job description for following staffs who perform analysis and relating works 

should be prepared and kept.

1) Analytical staff

2) Technical manager

3) Quality manager

4) Operator of analytical instruments

5) Manager related to analysis
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Operation procedure

Facilities and Environmental Conditions

1.  Objective

This procedure describes procedures to manage facilities and environmental 

conditions required for accurate analytical services.

2.  Scope

This procedure applies to the facilities that can influence the quality of 

analytical service results including fixed, temporary and movable facilities and 

equipments.

3.  Responsibility

3.1  The technical manager is fully responsible for supervising the entire facilities 

and environmental conditions required for accurate analytical services.

3.2  Analytical staffs are responsible for monitoring and controlling environment 

conditions of analytical facilities.

4.  Laboratory environment

4.1  The technical manager secures the facilities required for accurate test 

service including energy, illumination, and other environmental conditions and 

guarantee that environmental conditions do not lead to invalidate analytical 

results or deteriorate the quality of analytical service results.
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4.2  Technical requirements for the facilities and environment conditions 

influencing analytical results are written in form of the standard operation 

procedure or the analytical instructions.

4.3  When analysis are undertaken at a location other than designated laboratory 

space, surrounding environmental conditions are estimated to maintain 

analytical conditions.  If inappropriate, suitable action must be taken to 

secure required facilities and environmental conditions.

5.  Management of environmental conditions

5.1  Analytical staff monitor, control and record environmental conditions that 

influence the quality of analytical results as stated in corresponding 

specification, method or procedure.

5.2  If environmental conditions are out of range from standard levels or altered 

by samples or other reasons, the analytical staff immediately stops on-going 

analytical operation, reports to technical manager and subsequently takes 

appropriate actions.

6.  Laboratory isolation and prevention of cross-contamination

6.1  When certain analytical procedure can influence other environmental 

conditions or analytical results, the task need to be undertaken in an 

isolated laboratory space.

6.2  Preventive measures against cross-contamination are established if an 

analytical procedure can contaminate facilities or environment that are also 

used for other analytical services.

7.  Access control of laboratory
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7.1  To improve the precision and reliability of analytical service results the 

access to areas that can influence the quality of analytical service are 

limited only to the authorized analytical staff.

8.  Management of comfortable laboratory environment

8.1  Comfortable laboratory environment is maintained for analytical staffs to 

effectively implement analytical service works.
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Operation procedure

Analytical methods and method validation

1.  Objective

This procedure describes the plans and the procedures to use appropriate 

methods and procedures in performing analysis.

2.  Scope

This procedure applies to analytical methods, handling of analytical items, 

transport, storage, and preparation, and, if necessary, the statistical analysis 

and the measurement uncertainty estimation of analysis.

3.  Responsibilities

3.1  The technical manager has responsibilities to secure validity of analytical 

methods, manuals, procedures, instructions, and standards.

3.2  The technical manager has responsibilities to have the analytical staffs take 

classes for estimation of measurement uncertainty.

4.  General aspects

4.1  The laboratory uses appropriate methods and procedures validated for the 

following items, which are included in the analysis of the laboratory.

1) Analysis

2) Sampling for analytical items, handling, transport, storage, and 
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preparation, if applicable

3) Statistical analysis and uncertainty estimation of analysis/measurement 

data

4.2  The laboratory has instructions on the use and the operation of all relevant 

equipments, and on handling and preparation of samples for analysis, or 

both, where the absence of such instructions could jeopardize the results of 

analysis.

4.3  All instructions, standards, manuals and reference data relevant to the 

analytical works of the laboratory shall be kept up to date, and made 

readily available.

4.4  The laboratory must commit any deviations from analytical methods to 

writing, prove their validity, and allow them only with customers' approval.

4.5  It is not required to prepare additional procedures when the laboratory 

modifies international standards, regional standards, or national standards for 

analytical methods for convenient forms without any changes in the original 

contents.

5.  Analytical method selection

5.1  The laboratory uses appropriate analytical methods, which meet the needs 

of customers.  When customers do not specify the method to be used, the 

laboratory selects the appropriate methods among the followings.  However, 

the methods used in international, regional, or national standards are given 

priority in selection unless there are special reasons.

1) The methods used in international, regional, or national standards

2) The methods published by reputable scientific organization

3) The methods published in relevant scientific texts or journals

4) The methods provided by the manufacturer of the equipment
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5.2  The laboratory uses the latest version of standards except when it is 

inappropriate or impossible to use them.

5.3  The laboratory appends detailed items to complement the standard with 

necessities of maintaining consistency in application of analytical methods.

5.4  The laboratory confirms the selected standard method to be operated 

properly prior to any analysis.  The same confirmation procedure also 

applies when any standard methods change.

5.5  The customer shall be informed when the analytical method requested or 

suggested by the customer is inappropriate, or the period of validity is 

expired.

6.  Laboratory-developed methods

6.1  Laboratory-developed methods or methods adopted by the laboratory may 

also be used if they are appropriate for the intended use and if they are 

validated.  The customer should be informed as to the method chosen.

6.2  The laboratory development of analytical methods should be planned 

activities and be assigned to the qualified personnel equipped with adequate 

resources.

6.3  Plans shall be updated as development proceeds and effective 

communication amongst all personnel involved is ensured.

7.  Non-standard methods

7.1  When it is necessary to use non-standard methods due to the absence of 

standard methods, these are subject to agreement with customers and 

proper validation prior to use.
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7.2  The laboratory-developed methods includes the following items besides the 

purpose of analysis and customers requests.

1) appropriate identification

2) criteria

3) description of analytical items

4) parameters, quantities, or limits to be determined

5) apparatus, equipments, and their technical specifications

6) standard instrument or standard material

7) required environmental condition and necessary period of stability

8) description of the procedures as followings

identification, handling, transport, storage, and preparation of 

analytical items

check list before operation

check on normal operation, calibration, and adjustment of 

equipments

recording method of observations and results

safety regulation required to comply with

9) criteria of yes-no decisions or requirements

10) records, analyses, and presentation methods

11) procedures for uncertainty or uncertainty estimation

8.  Validity confirmation of methods

8.1  The laboratory should validate the methods to confirm that the methods are 

appropriate for the intended use regarding the following cases.

1) non-standard method

2) the laboratory-developed methods

3) standard methods used outside their intended scope

4) amplifications and modifications of standard methods

8.2  Validity confirmation should be performed extensively to satisfy the 

requirements for application of methods or for application area, and use one 
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or mixed methods of followings.

1) use of standard instruments and standard materials for calibration

2) comparison with the results obtained from other methods

3) inter-laboratory comparison

4) systematic evaluation for the conditions that can affect the results of 

analysis

5) uncertainty evaluation of results based on theoretic principles or 

realistic experiences

8.3  The laboratory shall keep the records describing the results from validity 

confirmation and whether the procedures and methods used for validity 

confirmation are appropriate for the intended use.

8.4  The following items produced by non-standard methods confirmed their 

validities shall satisfy customers' requests based on the uses restricted by 

the criteria and accuracies.

1) uncertainty of results

2) detection limits

3) selectivity of methods

4) linearity

5) limits of repeatability and reproducibility

6) soundness on the effects from surroundings

7) cross-sensitivity on the effects from samples and the matrix of 

analytical objects

9.  Measurement uncertainty

9.1  Self-correction

9.1.1  The laboratory performing its own calibrations shall establish and comply 

with a procedure to estimate the measurement uncertainty for all 

calibrations and all types of calibration.
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9.2  Analysis

9.2.1  The laboratory shall establish and comply with a procedure to estimate the 

measurement uncertainty to analysis.

9.2.2  The laboratory shall take the actions and the measures as followings 

when the nature of the analytical method may preclude rigorous, and 

quantitatively and statistically valid calculation.

1) The laboratory shall at least attempt to identify all the uncertainty 

factors and make reasonable estimation.

2) The laboratory shall ensure that the form of reporting of the result 

does not give any wrong impressions of the uncertainty.

9.2.3  The reasonable estimation of uncertainty shall be based on the knowledge 

of the method and the criteria of the measurements, and utilize the 

experience and verification data.

9.3  Uncertainty factors

9.3.1  All the important factors which affect uncertainty during the analysis shall 

be considered in the uncertainty estimation.

9.3.2  Appropriate methods shall be used for analysis of uncertainty factors.

10.  Data maintenance

10.1  The laboratory establishes an appropriate inspection procedure in the 

standard operating procedure or the analytical instruction required for 

calculations, and transfers of raw data and interim records.

10.2  The computer softwares developed by users shall be written in detail to be 

used adequately, and be ensured their validities for uses.
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10.3  Collections, treatments, records, reports, storages, and searches of 

analytical data performed by computers or automated instruments shall 

follow the below procedures.

1) The laboratory supervises collections and treatments of data in proper 

ways or inspect results to ensure completeness of data.

2) In order to protect data and keep secret, the laboratory keeps backup 

of stored data, sets passwords to control access to the computer 

system, records the passwords on the site only allowed for permitted 

personnel.

3) The laboratory specially keeps and maintains the data stored and 

maintained in external storage media with identifications.

4) The laboratory maintains the computers and the automated instruments 

with regular calibration, correction, and inspection to perform their 

unique functions, and ensures required environment for maintaining 

integrity of data.

11.  Standard managements

11.1  Management of standards

11.1.1  The objects of management include national industrial standards, 

international standards, foreign organization standards, and foreign 

standards required for analysis.

11.1.2  The laboratory manages the standards ensured for use of valid standards 

registered on the list of documentations with outer origin based on the 

documentation management procedure, and keeps the list at the site of 

readily available for use by the laboratory personnel.

11.2  Application of the standards

11.2.1  The appropriate staff shall carefully examine the ensured standards for 
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application to corresponding documentations to reflect the result, if 

necessary.

11.2.2  In case of change in the analytical instruction, it shall be used as the 

latest version of analytical instruction with verification with standard 

materials.
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Operation procedure

Equipment

1.  Objective

This procedure describes the procedures to secure precision required for the 

measurements performed by analytical equipments, and to keep the 

equipments satisfying the corresponding specifications.

2.  Scope

This procedure applies to the equipments used analysis, sampling, preparation 

of analytical sample, data processing, etc.  In case that any external 

equipments not operated by the laboratory are used, this procedure also 

applies to the corresponding equipments to the proper extent.

3.  Responsibilities and authorities

3.1  The technical manager has the general responsibility for the management of 

the equipments used in the analysis.

3.2  The technical manager assigns managers and main operators for each 

equipments.

3.3  The equipment manager establishes an annual calibration schedule, and 

prepares and maintains a master list of equipments.

3.4  The main operator of equipment is responsible for preparation of equipment 
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record cards, and inspection and calibration of the equipment.

4.   Security and operation of equipments

4.1  The laboratory secures all the equipments needed for analytical works, 

sampling if applicable, preparation of sample, data process, etc.

4.2  The equipment manager prepares and maintains a equipment list 

(NTF-20-1).

4.3  The equipment shall be operated only by the assigned operator. The latest 

instruction including the manual provided by the manufacturer is kept for use 

and maintenance of the equipment.

4.4  The laboratory establishes procedures for handling, transport, storage, use 

and planned maintenance of the equipments to ensure their own 

performance and to avoid any contamination and degradation.  The 

procedures follow the instructions or the manuals provided by manufacturers 

if any. 

4.5  In case that any external equipments not operated by the laboratory are 

used, the laboratory ascertains the suitability of the corresponding external 

equipments for the required accuracy and the corresponding specifications, 

the conditions of calibration and inspection, and maintenance of proper 

environmental conditions. 

5.  Installation and trial operation of equipment

5.1  At the time of acceptance of an equipment, the main operator confirms if 

the configuration of the equipment, and the related parts and manual agree 

with the purchasing order.  The main operator also check if the equipment 

and softwares satisfy the required accuracy and the specification related to 

the analysis. 
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5.2  The technical manager let the main operator carry out the installation and 

trial operation alone or organize a team for installation and trial operation 

depending on the characteristic of the equipment.

5.3  The main operator or the team for installation and trial operation shall be 

fully aware of the manual prior to the installation and the trial operation.  In 

case that the installation and the trial operation are carried out by the 

technician from the provider or the manufacturer, the main operator or the 

team shall be fully aware of the entire procedure, and maintain and manage 

the related records.

5.4  The main operator keeps records of the details of installation/trial operation, 

such as date, participants, inspection list, the performance and the condition 

of the equipment, problems and corrective actions, on an equipment record 

card (NTF-20-2), and then informs the equipment manager of them.  The 

equipment manager registers the corresponding equipment on the equipment 

list (NTF-20-1).

5.5  Once the installation/trial operation is complete, the main operator shall 

report it to the technical manager who shall confirm it. 

6.  Management of equipment list

6.1  The equipment record card is prepared and includes the followings.

1) The name and the related software of the equipment

2) The name of the manufacturer, model, version, serial number, 

identification, etc.

3) The date of acceptance and installation, and initial status of an 

equipment, for example, brand new, used, or repaired equipments

4) The current location of the equipment if applicable

5) Checking result appropriate for the analytical result

6) Installation and trial operation
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7) Date, result, acceptable level, action, and future date of calibration

8) Maintenance schedule (if applicable) and details of inspection and 

maintenance

9)  List of damages, malfunctions, modifications, and repairs

7.  Inspection of equipments

7.1  The technical manager arranges the period of interim inspection based on 

the characteristic, frequency of use, etc. of the equipments registered on the 

master list of equipment in order assure the reliability of the correction result 

during the calibration cycle.  The period of interim inspection is written on 

the equipment record card.

7.2  The main operator performs the interim inspection based on the procedure 

described in the standard operation procedure, analytical instructions, etc, 

followed by committing the result to the equipment record card.

7.3  Any equipments having problem is immediately reported to the technical 

manager, differentiated according to 9 'Identification of equipments', and then 

settled with proper repairs.

7.4  Management items of equipments, such as problems, repairs, repairman, 

performance of the equipment after repair, etc. are recorded on equipment 

record card.

8.  Calibration and correction of equipments

8.1  The equipment to be calibrated shall be registered on the equipment list.

8.2  Calibration cycle is decided in each field based on accuracy, stability, 

purpose of use, environment, frequence of use, etc.  However, unless the 

calibration cycle can be determined scientifically and reasonably, it follows 

the instruction from the national calibration institutes.
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8.3  The equipment manage establishes an calibration plan for the equipment 

and the calibration standard during the first quarter of every year using the 

form of annual calibration plan (NTF-20-3).  The technical manager approves 

it. 

8.4  The analytical staffs select an accredited external calibration institute to 

calibrate the equipments required external calibration. 

8.5  In special cases, the laboratory can perform calibration or correction for the 

specific equipments using certified standard materials or the standards from 

a national representative institute of standards or accredited institutes of 

calibration of which traceability is ensured with establishment of a 

self-calibration procedure. In this case, the laboratory records the calibration 

result based on the self-calibration procedure and attaches a certification of 

calibration to the corresponding equipment.  When the attachment of a 

certification of calibration is not available, such as the case of the 

equipment inside a hot-cell, it is allowed to attach it to an alternative 

location, such as the corresponding facility.

8.6  The main operator checks the calibration result followed by recording it on a 

calibration list (NTF-20-2b).  The main operator informs any necessity of 

repairs to the technical manager to take a proper action.

8.7  In case that any calibration coefficients are generated or changed, they shall 

be updated on the corresponding softwares.

8.8  The equipment which returns to the institute shall be checked based on the 

performance and calibration status before use.  This activity shall be written 

on the equipment record list.

8.9  The calibration list is maintained with the equipment record card.
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8.10  A certificate of calibration is attached on the corresponding equipment to 

identify the status of calibration under the responsibility of the main 

operator.

8.11  RESET function of an equipment (including hardware and software) which 

can invalidate the calibration shall be sealed for protection.  In case of 

breakage in the seal, the equipment shall be classified to improper one 

and be recalibrated prior to any further uses.

9.  Identification of equipments

9.1  In case that the equipment and the software used for analysis significantly 

influence analytical results, they are identified with unique identification items, 

such as serial number, to secure their traceability. 

9.2  The equipment shall not be operated in case of occurrence of overload, 

wrong handling, questionable result, defect, and deviation from regulated 

operating range.  This equipment shall be isolated not to be used until 

operates with normal conditions.  When isolation is not available, the 

equipment shall be identified with attachment of a tag, etc. 

9.3  The laboratory investigates the influence of the occurrence of overload, 

wrong handling, questionable result, defect, and deviation from regulated 

operating range on the previous analysis is investigated.
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Operation procedure

Measurement Traceability

1.  Objective

This procedure describes plans and procedures to ensure measurement 

traceability of equipments and reference materials which significantly influence 

the accuracy and validity of analytical results.

2.  Scope

This procedure applies to equipments and reference materials which 

significantly influence the accuracy and validity of analytical results, including 

auxiliary equipments (e.g., equipments measuring environmental factors).

3.  General aspects

All equipments that significantly influence the accuracy and validity of 

analytical results, including auxiliary equipments, shall be calibrated prior to 

use via programs or procedures established for equipment calibration.

4.  Responsibility and authority

4.1  The technical manager takes entire responsibility for the maintenance of 

measurement traceability.

4.2  The technical manager appoints reference material managers.
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4.3  The reference material managers prepare and maintain reference material 

list and reference material management registry.

5.  Maintenance of measurement traceability

5.1  Measurement and analytical equipments must satisfy traceability except when 

the calibration factors are proved not to contribute the overall uncertainty of 

analytical results.

5.2  Traceability of the institution's own standards and equipments to SI unit of 

measurement are achieved by specifying national measurement standard in 

calibration evaluation form.

5.3  External calibration services shall be carried out by reliable organizations, 

which are capable of proving their measurement capacity and traceability by 

satisfying the requirements of ISO/IEC 17025:2005.  To ensure 

measurement traceability the calibration evaluation document issued from the 

corresponding external organization shall include measurement results stating 

uncertainty and confirmed meterological specification.

5.4  In case that the expression of the institution's own calibration results in SI 

units is not available, one of the following methods is appropriately selected 

as measurement standard to provide traceability and reliability of the 

measurement.  In such case inter-laboratory comparison analysis among 

laboratories are recommended.

1) Use of certified standard materials

2) Use of specific method or agreed standard with consensus between all 

parties concerned

6.  Management of reference materials
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6.1  The laboratory shall maintain the traceability of standard materials to SI 

units or certified reference materials.

6.2  The reliability of internal reference materials is maintained up to the levels 

allowed within available technical and economical scopes.

6.3  Interim inspection of reference materials.

6.3.1  Interim inspection is scheduled to maintain reliable calibration conditions of 

reference materials when necessary.

6.3.2  The technical manager decides the cycle of interim inspection based on 

the characteristics, frequency of use, etc.

6.3.3  For non-consumable reference materials traceability is maintained by 

inspecting their appearance, degree of damage, storage condition, 

expiration date, etc.

6.3.5  The analytical staffs examine reference materials during the interim 

inspection period and record results on "Reference Material Management 

Registry".

6.4  Certified reference materials are labeled at certification organization and their 

official certificates shall be issued and acquired.

6.5  Standard materials are divided into radioactive and non-radioactive groups.

6.6  Non-radioactive reference materials are maintained with "Non-radioactive 

Reference Material List".

6.7  Radioactive reference materials are classified into sealed radiation sources 

used for calibration and correction of radiation measurement devices and 

unsealed radiation sources used as trackers during test analysis, and 

maintained with "Radioactive Reference Material List".
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6.8  Reference materials are stored with identification marks such as tags or 

labels under required environmental conditions to preserve their original 

properties.

6.9  Radioactive reference materials are managed with "Radioactive Reference 

Material Management Registry".  Identification numbers and major radiation 

sources are noted on this registry.  Radiation source specification received 

when stocked are stored in a separate file.
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Operation procedure

Handling of Analytical items

1.  Objective

This procedure describes the procedures of transport, acceptance, handling, 

protection, storage, disposal, etc. for analytical samples.

2.  Scope

This procedure applies to management of analytical samples requested from 

a customer related to analysis.

3.  Responsibilities

3.1  The technical manager has entire responsibility for the establishment of 

procedures of transport, acceptance, handling, protection, storage, and 

disposal.

3.2  The technical manager appoints a sample reception staff and a sample 

management staff ("sample manager" below) for analytical samples.

3.3  The sample reception staff receives analytical samples and discusses about 

requirements in sample analysis with customers during acceptance.

3.4  The sample manager is responsible for storage, custody, disposal, 

monitoring of environmental conditions, and record.
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3.5  All the staffs performing analysis shall handle the analytical samples with 

care.

4.  Management of analytical items

4.1  The procedure of transport, acceptance, handling, protection, storage, 

disposal shall include the contents required for protection of the condition of 

analytical samples and customer's proprietary rights. 

4.2  Analytical samples shall be identified during the entire analytical procedures.  

The identification system shall prevent any physical confusion and other 

confusion in referring to records or documents.

4.3  Analytical samples shall be identified during separation or internal-external 

transferring.

5.  Transport and handling of analytical samples

5.1  The analytical staffs follow the methods and procedures requested by 

customers when the analytical samples are transported to the laboratory by 

customer's request.  The analytical staffs follow the instructions for transport 

and handling provided by customers with analytical samples. 

6.  Reception of analytical item

6.1  The reception staff attaches a tag or a label with followings contents during 

acceptance of analytical samples.

1) Acceptance number

2) Sample name

3) Acceptance date

4) Customer

5) Radiation level in case of radioactive samples
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6) Other contents required for each analytical processes

6.2  The reception staff records any differences from the general condition and 

the special condition described in analytical method.

6.3  If the suitability of analytical samples are in question, the analytical samples 

are different from the contents on analysis order, or request details for 

analysis are not sufficient, discussion with customer shall be made prior to 

analysis, which is necessarily recorded in written form.

6.4  A customer writes the correct history of radiation on analysis order in case 

of all radioactive materials.

7.  Storage, observation, and record of analytical samples

7.1  Procedures and proper facility shall be equipped to prevent degradation, 

loss, and damage of the analytical samples during storage, handling, and 

preparation.  The instructions provided with the samples are effective.

7.2  The sample manager maintains, monitors, and records the environmental 

conditions when the analytical samples must be stored under special 

environments.

7.3  In case that whole or partial analytical samples are required to be safely 

stored, such as radioactive sample, etc., the samples shall be stored where 

the required environmental conditions and the integrity of the samples can 

be secured.

8.  Disposal of analytical item

8.1  Procedure of disposal for radioactive waste produced during and after 

analysis is established.



- 485 -

Operation procedure

Assuring the quality of Analytical results

1.  Objective

This procedure describes the procedure to monitor the validity of analytical 

services to assuring the quality of analytical results.

2.  Scope

This procedure applies to the quality management activities to monitor the 

validity of analytical services.

3.  Terminology

3.1  Internal Quality Management

Internal quality management is a quality management activity operated within 

laboratory, which includes the quality management of certified or secondary 

standard materials, repeated analysis by the original or an alternative 

procedure and re-analysis for stored samples (or items).

3.2  External Quality Management

External quality management is a quality management activity other than 

internal quality management, which includes the quality management by 

participating in proficiency analysis or comparison testing programs.

4.  Responsibilities and authorities
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4.1  Technical Manager

1) Approval of quality management plan

2) Review and confirmation of quality management results, and approval 

of reports

4.2  Analytical Staffs

1) Preparation of quality management plan

2) Implementation of internal or external quality management analysis

3) Preparation of report on quality management results

4) Performing required actions in case of troubled results

5.  Quality management activities

5.1  Quality management plan is established and implemented to monitor the 

validity of previous analytical results.  Quality management activity include, 

but not limited to, the following methods.  Appropriate methods can be 

selected depending on the type or volume of analysis.

1) Regular examination of Certified Reference Materials (CRM) or internal 

quality management using secondary reference materials

2) Participation to inter-laboratory comparison test program of each 

laboratory

3) Re-analysis by the same or other procedure

4) Re-analysis with left-over sample or re-calibration

5) Analysis of correlation between multiple values or properties from 

individual item

5.2  Data resulting from quality management activity to monitor the validity of 

previous analytical results are recorded to help understand data history or 

statistics.  Data results are analyzed via statistical methodology.
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6.  Establishment of quality management plan

6.1  At the beginning of a year, the analytical staffs prepare 'Quality 

Management Plan' to monitor the validity of on-going or previous analytical 

results and submit it to the technical manager for approval.

6.2  During the course of establishing annual quality management, evaluation 

categories are selected to properly estimate the analysis capability of 

corresponding laboratory specialty.

7.  Analytical operation and report of results

7.1  External quality management

7.1.1  When participating in external proficiency testing program, the analytical 

staffs operate the designated analysis based on the instruction from 

provider of proficiency testing program, write and send the report of 

analytical results with technical manager's approval.

7.1.2  If the organization of operating proficiency testing provides the 

corresponding report forms for the analytical results, those can be used 

instead.

7.1.3  The technical manager operates inter-laboratory proficiency testing between 

analytical service institutions according to quality management plan 

established beforehand.

7.2  Internal Quality Management

7.2.1  The technical manager informs staffs with analytical schedules and 

methods in detail according to quality management plan established, and 

transfers the instruction and analytical items for corresponding analysis.

7.2.2  After operating staffs confirm analytical results by using the statistical 

method of ISO 5725 based on raw data, then prepare 'Quality 
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Management Results Report' and send it to the technical manager for 

confirmation.

7.2.3  Quality management data should be analyzed.  However, if it is found that 

analytical results lack reliability and contain certain problems, appropriate 

action must be taken such as identification of inappropriate analytical 

procedures, corrective actions, preventive actions, revision of analytical 

procedure.

8.  Management after analytical services

8.1  If there are unusual analytical results, the technical manager discusses with 

corresponding analytical staff to identify problems, track down their source, 

and take appropriate actions to ensure reliable analytical results.

8.2  The technical manager reviews the suitability of analytical environment, 

equipments and methods to take appropriate actions, and runs training 

program for staff involved in internal or external quality management.

8.3  The quality manager reviews the results of internal or external quality 

management activities, uses them as management review data ,and reflects 

them in standard operation procedure if required.
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Operation procedure

Reporting the Results

1.  Objective

This procedure describes the requirements and procedures to report the 

analytical results.

2.  Scope

This procedure applies to publication and issue of analytical reports (called, 

reports) for the analytical results of requested items.

3.  Responsibilities and authorities

3.1  The top manager approves and signs on reports.

3.2  The technical manager reviews and signs on reports.

4.  General aspects

4.1  The laboratory prepares and issues reports for analytical results accurately, 

clearly, and objectively, and in accordance with any specific instructions in 

analysis.

4.2  The reports include the following information.

1)  The information requested by customers

2)  The information required for analysis of results
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3)  The information required for analytical methods

4.3  The laboratory prepares and issues reports in simplified forms when agreed 

with customers in written statement.  In this case, the laboratory keeps the 

information not included in the reports among the information described in 

between section 5 and section 9 to be found with easy.

4.4  The laboratory designs the format of reports to minimize any chances of 

misunderstanding or misuse.

5.  Preparation of analytical results

5.1  The analytical staffs prepare reports in accordance with analytical results.

5.2  The technical manager reviews and signs on reports.

5.3  The reports include the following items unless there are any proper reasons.

1) Title

2) The analytical methods used

3) The techniques, conditions, and clear identification regarding analytical 

items

4) The request date for analytical items when it is considered to 

importantly affect validities and applications of results

5) The analysis date

6) The analytical result

7) The name, the title, and the signature of approval personnel of the 

report

8) The statement, which confines the result to the analytical items, if 

necessary

9) The publication date

6.  Additional items for analytical reports
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6.1  The report includes the following items besides the items in the section 5.3 

for analysis of the analytical results.

1) Any deviation from the analytical method, additional or excluding items, 

and the information on special environmental conditions

2) Whether it meets the requested items or the specification, if applied

3) The explanation for measurement uncertainty if applies to one or more 

of followings

When the information on uncertainty is related to validity or 

application of analytical results

When customers request to write the measurement uncertainty in 

the report

When the uncertainty affects the agreement with the boundary limit 

from the specification

4) A comment and an analysis, if necessary

5) The information required by special methods, or additionally requested 

by customers

7.  Comments and analysis

7.1  The laboratory documents sources of comments and analysis when reports 

include any comment and analysis.

7.2  Comments and analysis shall be clear, and may include the following items.

1) Whether the analysis satisfies the requirements of contracts

2) Suggestions on application of results

3) Instruction for improvement

7.3  The laboratory conveys comments or analysis to customers in direct 

conversation unless there are any proper reasons to include in reports.  The 

conversation shall be kept with record.
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8.  Publication and issue of reports

8.1  Basically customers receive the report directly from the laboratory.  The 

laboratory shall explain to customers regarding the result with customers' 

requests.

8.2  The laboratory keeps the source of shipping when the laboratory ships the 

report in mail or transmission.

8.3  The laboratory ensures loss protection and security maintenance in case of 

transmission through phone, facsimile, or other electronic devices.

8.5  All the personnel performing analytical works keep secret regarding analysis 

data, results, and the contents of reports relating to analytical works.
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Instruction

Screening of environmental swipe samples 

1.  Title

Screening of environmental swipe samples

2.  Purpose and Scope

   It is necessary to identify fissile materials in the environmental swipe 

samples. Screening technology is to detect the presence of U, Pu or other 

important elements as well as to identify the size and morphology of fissile 

particles. After surveying swipe samples with an beta (gamma) survey meter, 

gamma spectrometric method, total alpha/beta proportional counting and 

scanning electron microscopic method are generally used for screening fissile 

materials.  If the activity concentrations of the swipe samples measured by 

gamma spectrometry are less than 10 Bq, the samples are transferred into a 

clean laboratory for bulk and particle analysis (Fig. 1).  If the activity 

concentrations of the swipe samples measured by gamma spectrometry are 

more than 10 Bq, the samples are transferred into a hot-cell laboratory for 

bulk analysis.

   This document details the screening methods for obtaining information of 

environmental swipe samples such as activity concentration and morphology 

before bulk and particle analysis with mass spectrometric techniques.  The 

procedure describes the protocol for screening fissile nuclides in the 

environmental swipe samples.

3.  Screening procedure

  3.1  Swipe sampling is performed for surfaces of contamination area with 
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wiping materials such as cloths, swabs and filter papers.

  3.2  Environmental swipe samples are received at the general laboratory and 

are given a code number to maintain confidentiality about their origin.

  3.3  To estimate the activity concentration of the swipe sample, the samples 

are measured beta (gamma) radiation by an beta (gamma) survey meter.

  3.4  The sample are then measured by low background gamma spectrometry 

to detect the presence of actinides such as U and Pu isotopes and 

fission or activation products such as 
60
Co, 

137
Co and 

106
Ru.

  3.5  If the activity concentration of U and Pu is measured above detection 

limits with gamma spectrometry, total alpha/beta counting is then applied 

to the samples to detect alpha or beat emitting nuclides.

  3.6  After the swipe samples are divided into three parts, one part is 

preserved in the storage room (archiving) and other parts are transferred 

into a hot cell laboratory or clean laboratory for bulk and/or particle 

analysis.

  3.7  The size and morphology of small particles can be examined by SEM and 

their elemental composition can be measured by energy dispersive X-ray 

fluorescence spectrometer.

4.  Instrument

  4.1  Gamma Spectrometer:

HPGe Germanium detector(GLP-36360/13, ORTEC, AMETEK)

  4.2  Total alpha/beta proportional counting system:

Low Background alpha/beta counting system(S5XLB, CANBERRA)

  4.3  Scanning electron microscope:

SEM equipped with energy dispersive X-ray spectrometer (JSM-6610 LV, 

JEOL)

5.  Gamma spectrometric method

   Immediately after receipt, environmental samples are measured with a 
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low-background gamma spectrometer system.  The spectrometer is based on 

a  60 % efficient coaxial germanium detector enclosed in a high purity lead 

shield of 10 cm thickness.  The samples, contained in Marinelli beakers, are 

counted for   1 hour in the gamma energy range from 3 keV to 400 keV.  

The total gamma activity, corrected for background, is obtained by this 

method and if sufficient activity is detected, an evaluation of the spectral 

peaks can be performed to estimate the activity in Bq/sample of individual 

gamma emitting isotopes.  The control charts for quality assurance with a 

gamma spectrometer were shown in Fig. 2.

6.  Total alpha/beta proportional counting

   The gas-flow proportional counting system is used to screen 

environmental swipe samples for the presence of alpha or beta emitting 

nuclides.  Each sample is removed from its plastic bags and placed in a 

cassette for introduction into the counting chamber using a 100 positions 

sample changer system.  The chamber is filled with counting gas and data 

are collected for 1 hour.  The final result is the total number of alpha and 

beta counts, corrected for background.  The control charts for quality 

assurance with a gas proportional counter were shown in Fig. 3.

7.  Scanning electron microscope equipped with energy dispersive X-ray 

spectrometer

   A great deal of information is contained in small particles which are 

present in environmental samples.  These particles can be pure compounds 

of U or Pu resulting from nuclear processing operations which took place in 

the sampling locations.  The laboratory is equipped with JSM-6610LV 

scanning electron microscope (SEM) with energy dispersive X-ray 

fluorescence spectrometer.  The particles of interest are removed from the 

sample by ashing or ultrasonication and deposited on a conducting substrate 

for introduction into the SEM.  Under high magnification the particles are 
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examined and the backscattered electron signal is used to search for 

particles containing heavy elements.  Heavy particles can then be measured 

by an energy dispersive X-ray fluorescence spectrometry to give a 

semi-quantitative elemental analysis.  Particles containing U or Pu can be 

identified as follows; their size and morphology as well as the presence % 

other elements will give information about the nuclear process which created 

them.
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Fig. 1. Outline of environmental sample analysis.
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  Fig. 2.  Control charts for quality assurance with a gamma spectrometer.

A. Full energy background; B. Standard sample activity; C. 

Difference between actual peak and library energy; D. Full width at 

half maximum
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Fig. 3.  Control charts for quality assurance with a gas proportional counter.

A. Alpha efficiency at alpha only mode; B. Background at alpha only 

mode; C. Alpha  background at alpha/beta mode; D. Beta background 

at alpha/beta mode; E. Alpha efficiency at alpha/beta mode; F. Beta 

efficiency at alpha/beta mode
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Instruction

Analytical Procedures for U and Pu in
Environmental Swipe Samples

1.  Title

Analytical instructions for uranium and plutonium in environmental swipe 

samples

2.  Purpose and Scope

   This document details the chemical manipulation applied to environmental 

swipe samples for obtaining purified uranium and plutonium fractions for 

mass spectrometric measurement.

   The instruction provided detail the individual steps required to successfully 

separate and purify uranium and plutonium from environmental smear 

samples using cotton or cellulose.  The procedure (Fig. 1) is independent of 

the technique used to decompose or digest the swipe sample and procedure 

a final product ready for filament loading using the drop deposition method 

and subsequent mass spectrometric measurement using thermal ionization 

mass spectrometry (TIMS).

3.  Sample Digestion Procedure

  3.1  Ashing sample in high temperature

3.1.1  Roll a cotton swipe sample and put it in glass beaker (Pyrex) and 

cover with watch glass.

3.1.2  Put the glass beaker contained the sample in the muffle furnace and 

heat at 500 
o
C for 10 h.

3.1.3  After cooling of the beakers, make wet the sample with small amount 

of 18.2 MΩ Millipore water.

3.1.4  Add 16 M (concentrated) HNO3 to the sample.



- 503 -

3.1.5  Wash the plastic bag, which the sample was in, with 16 M HNO3 and 

add the wash solution to 3.1.4 step.

3.1.6  Heat to dryness and repeat 3 times.

3.1.7  Add a few drops of 30 %-H2O2.

3.1.8  Add small amount of aqua regia into 3.1.7. step, heat to dryness and 

convert to nitrate form with 16 M HNO3.

3.1.9  Dissolve the residue of 3.1.8. step with 16 M HNO3, then adjust to 8 

M HNO3 by adding 18.2 MΩ Millipore water, filter the solution, and 

weigh the solution exactly.

  3.2  Wet digestion of sample

3.2.1  Roll a cotton swipe sample and put it in a clean quartz tube.

3.2.2  Add 20 mL of 16 M HNO3, heat to dryness and repeat 3 times. 

3.2.3  Add a few drops of 30%-H2O2.

3.2.4  Wash the plastic bag, which the sample was in, with 16 M HNO3 and 

add the wash with solution to 3.2.3.

3.2.5  Add small amount of aqua regia, heat to dryness and convert to 

nitrate form with 16 M HNO3.

3.2.6  Dissolve the residue of step 3.2.5. with 16 M HNO3, and then, adjust 

to 8 M HNO3 by adding 18.2 MΩ Millipore water, filter the solution, 

and weigh the solution exactly.

4.  Sample Aliquot Preparation 

   After ashing/digestion and dissolution of sample in 8 M HNO3, the sample 

aliquots are prepared as follows.

  4.1  About 20 % of the sample aliquot is used for U and 
238
Pu quantitative 

analysis with mass spectrometry and alpha spectrometry, respectively.  

The final Pu eluate is kept until the results of Pu quantitative analysis are 

provided.  Only in the case a sufficient amount of Pu is found, the alpha 

source for 
238
Pu measurement will be prepared.

  4.2  About 40 % of the sample aliquot is used for U isotopic analysis and Pu 
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quantitative analysis with mass spectrometry.

  4.3  About 40 % of the sample aliquot is kept as archive.

5.  Spike Addition

  5.1  Add a suitable amount of 
233
U spike to the aliquot for U quantitative 

analysis. Heat this mixed solution to dryness and fume with a few drops 

of 16 M HNO3, Repeating 3 times.  In the first fuming, add a few drops 

of 30 %-H2O2. Dissolve the residue with 16 M HNO3 and adjust 8 M 

HNO3 by adding 18.2 MΩ Millipore water.

  5.2  Add a suitable amount of 
242
Pu spike to the aliquot for Pu quantitative 

analysis. Heat this mixed solution to dryness and fume with a few drops 

of 16 M HNO3, repeating 3 times.  In the first fuming, add a few drops of 

30 %-H2O2.  Dissolve the residue with 16 M HNO3 and adjust to 8 M 

HNO3 by adding 18.2 MΩ Millipore water.

6.  Analytical Procedure for U and Pu in the Safeguards Environmental 

Samples

  6.1  Preparing anion exchange resin (AG MP-1)

6.1.1  Fill 18.2 MΩ Millipore water into the resin beads bottle and shake for 

10 min.

6.1.2  Discard the water, add 1 M HCl into the bottle and shake for 1 h.

6.1.3  Filter the resin beads and wash with 18.2 MΩ Millipore water.  The 

resin beads are then placed back in the bottle.

6.1.4  Fill 2 M HNO3 into the bottle with the resin beads and shake for 1 h.

6.1.5  Filter the resin and wash with 18.2 MΩ Millipore water.  The resin 

beads are then placed back in the bottle.

6.1.6  Fill 0.1 M HNO3 solution into the bottle and keep for chemical 

separation.

  6.2  Loading the sample solution onto AG MP-1 and UTEVA columns 

6.2.1  Prepare BioRad column and Eichrom column.
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6.2.2  Fill 3 mL of AG MP-1 in the BioRad column and condition AG MP-1 

column with 30 mL of 8 M HNO3.

6.2.3  Fill 2 mL of UTEVA in the Eichrom column, rinse the column with 10 

mL of 1 M HCl and then condition with 20 mL of 8 M HNO3.

6.2.4  Connect the AG MP-1 column with the UTEVA column in an 

appropriate rack so that the effluent from the AG MP-1 column drips 

onto the UTEVA resin bed.

6.2.5  Load aliquot sample solution onto the AG MP-1 and UTEVA columns.

6.2.6  Rinse the sample vial with 10 mL of 8 M HNO3 and load this onto 

the columns.

6.2.7  Rinse the AG MP-1 and UTEVA columns with 40 mL of 8 M HNO3.

  6.3  Chemical separation of Pu isotopes (The first purification)

6.3.1  Rinse the AG MP-1 column with 30 mL of 10 M HCl after 

disconnecting the AG MP-1 column from the UTEVA column.

6.3.2  Elute Pu fraction with 20 mL of 0.36 M HCl - 0.01 M HF, heat the 

eluate to dryness and fume with a few drops of 10 M HCl repeating 

three times.

  6.4  Chemical separation of Pu isotopes (The second purification)

6.4.1  Dissolve the Pu fraction (the first purification) in a 10 M HCl solution 

(50 mL + 2 mL of 0.5 M NaNO2).

6.4.2  Prepare BioRed column and fill 2 mL of AG MP-1 resin.

6.4.3  Rinse the resin with 10 mL of 8 M HNO3 and then 10 mL of 0.5 M 

HCl.

6.4.4  Condition the resin with 20 mL of 10 M HCl.

6.4.5  Load the sample solution onto the AG MP-1 column.

6.4.6  Rinse the column with 10 mL of 8 M HNO3.

6.4.7  Rinse the column with 30 mL of 10 M HCl.

6.4.8  Elute Pu fraction with 10 mL of 0.1 M NH4I-12 M HCl, heat the 

eluate to dryness and fume with a few drops of 16 M HNO3 

repeating three times.
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  6.5  Chemical separation of U isotopes (The first purification)

6.5.1  Rinse the UTEVA column with 10 mL of 10 M HCl after 

disconnecting the UTEVA column from the AG MP-1 column.

6.5.2  Rinse the UTEVA column with 20 mL of 5 M HCl-0.05 M oxalic acid.

6.5.3  Elute U fraction with 15 mL of 0.01 M HCl, heat the eluate to 

dryness and fume with a few drops of 16 M HNO3.

  6.6  Chemical separation of U isotopes (The second purification)

6.6.1  Dissolve the U fraction (the first purification) in a 20 mL of 10 M HCl 

solution.

6.6.2  Prepare BioRad column and fill 1.5 mL of AG MP-1 resin.

6.6.3  Rinse the column with 30 mL of 8 M HNO3 and then with 0.5 M 

HCl.

6.6.4  Condition the column with 30 mL of 10 M HCl.

6.6.5  Load the sample solution onto the AG MP-1 column.

6.6.6  Rinse the resin beads with 20 mL of 10 M HCl.

6.6.7  Elute U fraction with 20 mL of 0.1 M HCl, heat the elute to dryness 

and fume with a few drops of 16 M HNO3 repeating 3 times.

7.  Source Preparation by Micro-co-precipitation (Pu-238)

  7.1  Dissolve the dried final Pu fraction with 1.3 mL of 16 M HNO3 and dilute 

with H2O as 20 mL of 0.1 M HNO3 solution.

  7.2  Add 100 μg of Nd(Ⅲ) and 1 mL of 25 %-NaNO3 to sample solution.

  7.3  Add 5 mL of 40 % HF solution to the sample solution and leave the 

solution for about 45 minutes.

  7.4  Filter 5 mL of Nd-substrate solution through a 0.1 µm membrane filter.

  7.5  Filter the sample through same filter.

  7.6  Rinse the beaker with 5 mL of H2O and filter the rinse through the filter.

  7.7  Let the filter dry under a heat lamp for few minutes and mount it on a 

filter stand using a glue stick.

  7.8  Measure the alpha activity of the sample.
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8.  Validation of chemical procedures for Pu and U isotopes

   The chemical separation methods of Pu and U isotopes were validated 

by application to the IAEA-375 reference soil.  As shown in Table 1, the 

activity concentration of 
239,240

Pu with the anion exchange method was 

consistent with the reference value reported by the IAEA.  The activity 

concentration of 
238
U with the UTEVA method was close to the reference 

value reported by the IAEA, as shown in Table 2.  Also, chemical yields of 

239,240
Pu and 

238
U in IAEA-375 soil were obtained above 70 %.  Also, results 

of proficiency tests for Pu and U isotopes in environmental samples between 

radiochemistry laboratories in Korea have been closed to the mean values 

with 95 % confidence interval.
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Fig. 1. Analytical procedures of Pu and U isotopes in environmental swipe 

samples
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Solvent extraction 

(TOPO) 

Extraction 

chromatography 
(TEVA) 

Anion exchange 
(AG MP-1)

Separation method

74 ± 50.26 ± 0.050.30

Activity concentration of 239,240Pu, Bq/kg

0.30

0.30

Recommended 
values

65 ± 7

73 ± 5

Chemical yield, %

0.35 ± 0.08

0.29 ± 0.09

Mean concentration 

Solvent extraction 

(TOPO) 

Extraction 

chromatography 
(TEVA) 

Anion exchange 
(AG MP-1)

Separation method

74 ± 50.26 ± 0.050.30

Activity concentration of 239,240Pu, Bq/kg

0.30

0.30

Recommended 
values

65 ± 7

73 ± 5

Chemical yield, %

0.35 ± 0.08

0.29 ± 0.09

Mean concentration 

Table 1. Activity concentrations of 239,240Pu in the IAEA-375 reference materials

Solvent extraction (TBP) 

Anion exchange 

(Bio-rad)

Extraction 

chromatography 
(UTEVA)

Separation method

Activity concentration of 238U, Bq/kg

24.4

24.4

24.4

Recommended 
values

73 ± 6

72 ± 4

78 ± 4

Chemical yield, %

25.2 ± 1.6

26.9 ± 2.1

26.4 ± 1.9

Mean concentration 

Solvent extraction (TBP) 

Anion exchange 

(Bio-rad)

Extraction 

chromatography 
(UTEVA)

Separation method

Activity concentration of 238U, Bq/kg

24.4

24.4

24.4

Recommended 
values

73 ± 6

72 ± 4

78 ± 4

Chemical yield, %

25.2 ± 1.6

26.9 ± 2.1

26.4 ± 1.9

Mean concentration 

Table 2. Activity concentrations of 238U in the IAEA-375 reference materials
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Instruction

Measurement of trace U and Pu isotope

1.  Introduction

   The method describes the isotopic ratio and quantitative analysis of 

sample go through the pre-treatment and screening or ultra-trace levels of 

uranium and plutonium containing in standard reference material (SRM) by 

using a thermal ionization mass spectrometer (TIMS).

2.  Criteria

   This method applies to the measurement of isotopic ratios and quantitative 

analysis of uranium and plutonium contained in the nuclear material.

3.  Experimental apparatus and regents

  3.1  Experimental apparatus and instruments

3.1.1  Thermal ionization mass spectrometer (TIMS)

   The measurement of uranium or plutonium isotopes is performed by 

two different mass spectrometers depending on the total radioactivity of a 

swipe sample.  For the uranium measurement for low radioactivity, which 

is below 10 Bq per a swipe, TRITON is used, while MAT 262 is utilized 

for the uranium measurement for high radioactivity, which is over 10 Bq 

per a swipe.

3.1.1.1 TRITON (Thermo Fisher Scientific)

a) Mass Resolution : > 450, 10 % Valley Definition

b) Mass Range : 3 to 310 amu

c) Acceleration Voltage : 10 kV for positive and negative ions

d) Abundance Sensitivity (
238
U ± 1u) :

      < 2 mg/L in forcal plain of mass analyzer, < 20 μg/L on RPQ 
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channel

e) Simultaneous Collector Mass Range : 17 %

f) Max. Collector Configuration : 9 Faraday Cups + 8 MIC

g) Amplifier Noise : < 0.2 A rms at 4 sec intergration time

h) Intechannel Calibration Stability :

     < 10 mg/L within 24 h, < 1 mg/L with virtual amplifier mode

i) Basic System Reproducibility :

               5 mg/L extermall reproducibility for Nd and Sr

j) Detectors : 1 SEM (Secondary Electron Multiplier) + 9 Faraday 

Cups + 8 MICs (Multi-Ion Counters)

3.1.1.1 MAT 262 (Finnigan MAT)

a) Mass Resolution : > 500, 10 % Valley Definition

b) Mass Range : 3 to 280 amu

c) Acceleration Voltage : 10 kV for positive and negative ions

d) Abundance Sensitivity (
238
U ± 1u) :

        < 2 mg/L in focal plain of mass analyzer

e) Ion Yield : > 1.2 % (Single Filament, Sr)

f) Max. Collector Configuration : 9 Faraday Cups + 8 MIC

g) Amplifier Noise : 2 x 10
-16
 A at 4 sec integration time

h) Peak Stability : ± 30 mg/L within 30 min

i) Magnetic Sector Mass Analyser : 23 cm radius, 90
o
 

j) Detectors : 1 SEM (Secondary Electron Multiplier) + 8 Faraday 

Cups

3.1.2  Filament de-gassing device: Thermo Fisher Scientific

3.1.3  Filament loading device: Thermo Fisher Scientific

3.1.4  Zone-Refined Rhenium filament: Thermo Fisher Scientific

3.1.5  Draw-out Plate: Thermo Fisher Scientific

3.1.6  Micropipet: 1 μL, (2 ~ 10) μL (Eppendorf)

3.1.7  Ultrasonic bath: BRANSONIC

3.1.8  Glass beaker 500 mL: PYREX

3.1.9  Clean wiper



- 512 -

3.1.10  Forceps

3.1.11  Screwdriver (flat-blade)

3.1.12  Microsyringe

  3.2  Reagents

3.2.1  Nitric acid: Purity 65 % (MERCK, Suprapur)

3.2.2  Liquid nitrogen

3.2.3  Uranium standard reference solution (IRMM 040a, 10.705 6 μg/mL)

3.2.4  De-ionized water

3.2.5  N-methyl-2-pyrolidone (NMP)

4.  Cleaning and de-gassing of the filaments

  4.1  Cleaning Draw-out Plates

4.1.1  Immerse the Draw-out Plate into a glass beaker (500 mL), and add 1 

M nitric acid sufficiently. Cover the top of the beaker with para-film.

4.1.2  Put a ultrasonic bath in the fume hood and immerse the glass beaker 

into it.

4.1.3  After ultrasonication for 30 min, tip the cleansing-solution down the 

waste container. Rinsing with de-ionized water. Repeat more than five 

times.

4.1.4  Sufficient clean wipes are laid and dry the draw-out plate in the room 

temperature sufficiently.

4.1.5  Transfer the plates to the exclusive vessel.

4.1.6  To prevent the contamination, do not re-use the glass beaker with the 

same purpose.

  4.2  De-gassing of the filaments

4.2.1  Switch on the VENTING in the de-gassing device(Fig. 1). This 

process automatically stops the vacuum pump and adjusts the 

pressure equally between the internal and the external pressure.
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Fig. 1. The de-gassing device of the filaments

4.2.2  When "BAD PRESSURE" is indicated in the front of the LCD panel, 

open the metal hood on the right side of the chamber. Remove the 

connection plug and press on each pin to release the connection.

4.2.3  Take the gray cap flange in both hands and infix it to the exclusive 

rack (Fig. 2).
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Fig. 2. The filament bank fix into the rack

4.2.4  Insert the filament at each bank. No need to insert the filament in 

two banks, but fill the one bank with 15 filaments or blank filaments 

because all the filaments of one bank are series-connected.

4.2.5  For the installation, follow the reverse process of above mentioned 

dissemble process.

4.2.6  Switch on the PUMP ON for pumping.  OK sign of the designated 

bank is indicated in the LCD panel if the electrical connection of the 

filaments and the pressure of the chamber is normal.

4.2.7  Select the programmed heating sequence in the SET PARAMETERS 

depending on the type of filament (normal Re, Zone-refined Re) and 

push the SET START SEQUENCE for automatic starting/performing. 

FINISHED sign is indicated if the heating sequence is successfully 

finished. 

4.2.8  Remove the flange and recovery the filaments throughout the process 

of 4.2.1 - 4.2.3 at least after 2 hours, the LCD display indicates 

FINISHED.

4.2.9  Repeat the 4.2.7 process for de-gassing.

5.  Loading samples onto the filaments

  5.1  Loading of the solution samples

5.1.1  Mount the degassed filament on the filament loading device in the 

fume hood (Fig. 3).
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Fig. 3. The filament loading device

5.1.2  Load 1 μL of solution samples onto the center of the filament by 

using a micropipet.

5.1.3  Increase the current of the filament to 0.8 A and evaporates the 

solution. It takes about 5 min, generally.  After the solution 

evaporates completely, increase the current to 1.8 A (for Zone-Refined 

Re filament) and 2 A (for normal Re filament) to fix it.  Turn the 

current off, immediately, after 30 sec.

5.1.4  Store the sample load-filaments in the exclusive container, or mount 

them directly to the mass spectrometer.

  5.2  Loading particle samples onto the filaments

5.2.1  Put the film containing the particles on the optical microscope, cut it 

into 100 μm x 100 μm using micro manipulator with fine-knife.

5.2.2  After cutting the film by using a micro-manipulator with fine tungsten 

needle, put it onto the center of the filament.

5.2.3  Add 0.2 μL of NMP on the particle film using microsyringe.  After 

transferring the filament onto the loading device, evaporate NMP at 

1.5 A for 20 sec.

5.2.4  Store the sample load-filaments in the exclusive container, or mount 
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them directly to the mass spectrometer.

  5.3  Loading filaments onto the sample wheel

5.3.1  "OFF" the "Analyzer Gate Open" in Tune program and attach a liquid 

nitrogen gas tank to the venting line of TRITON. Turn the key switch 

at the front panel into the horizontal position, and the venting program 

is started. It takes about 15 minutes until automatic venting is 

complete. Noise is audible due to the suction of an external air for 

the adjustment of internal pressure.

* Note 1 : Do not vent the TRITON within two hours after finishing 

the experiment. The system can be contaminated due to 

the heated filament.

* Note 2 : Vent the system after emptying the liquid nitrogen in the 

cryo reservoir.

5.3.2  Open the ionization chamber and connect the special tool to the 

sample magazine. Dissemble/transfering the magazine using screw, 

and connect it exclusive magazine holder (Fig. 4).

Fig. 4. Magazine holer with installed sample magazine

5.3.3  Mount the loaded filament and ionization filament at each dual 

location. Mount the loaded filament at the side of socket wrench and 

the ionization filament at the side of magazine holder.
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5.3.4  Clip on the draw-out plate at each location.

5.3.5  Repeat the process of 5.3.3 - 5.3.4 for mounting other filaments.

5.3.6  Dissemble the sample magazine and socket wrench from the 

magazine holder and install it in the TRITON with reverse process of 

5.3.2. Close the sample chamber.

5.3.7  Turn the key into the vertical direction and check if all the indicator 

lamps located below the key switch turn green except HV 

ELECTRONIC, ANALY. GATE, AMPL. VALVE.

5.3.8  After monitoring the vacuum, start INITIALIZE. Check the number of 

ionization filaments and evaporation filaments, and confirm that the 

NSample values locate in the range of (200 ~ 400).  If no valid 

position for a filament are found, dissemble the sample magazine and 

reinstall the filaments such as 5.3.1 - 5.3.2, or adjust the connection 

part of the instrument(Fig. 5).
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Fig. 5. Sample wheel and sample wheel calibration table

6. Measurement

  6.1  Confirmation of the instrument and preparation before measurement

6.1.1  Check the temperature of cooling water (15 ~ 20 ).

6.1.2  Check the vacuum in each part of TRITON and press HV ON in the 

Watch parameter.  Check the ELECTRONIC indicator turns green. FV 

< 3×10
-2
 mbar, HV source < 4×10

-7
 mbar, Ion Getter < 5×10

-8
 mbar 

(Fig. 6).

Fig. 6. Monitoring the vacuum in Watch Parameter

6.1.3  Fill 300 mL of liquid nitrogen into a cryogenic pump.

6.1.4  Manually open the lock screw of isolation valve using screw driver.

6.1.5  Click on the Detector Calibration tab in Tune and recalibrate the each 

faraday cup using Gain in Recalibrate(Fig. 7).
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Fig. 7. Detector calibration in Tune

  6.2  The heating of the ionization filament

6.2.1  Click Tune in Triton s/w (Fig. 8).

Fig. 8. Tune software

6.2.2  Select the sample to measure in sample wheel.

6.2.3  Set the mass to 
187
Re in Scan control.

6.2.4  Apply the current of ionization filament to 4300 mA in Filament 

Control tab.  Set the scan speed at 800 mA/min (Fig. 9).

Fig. 9. Filament control window for increasing the temperature of filament
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6.2.5  If there is not significant increase of HV pressure at 2000 mA, click 

ON the Analyzer Gate Open in Watch Parameter (Fig. 10).

Fig. 10. Watch parameter window with open Gate valve

6.2.6  Check the signal of 
187
Re whether the signal is more than 1 mV. 

Increase the current of ionization filament to 1 mV.

6.2.7  Set X-Symmetry and Z-Focus to zero, optimize the ion lens by 

performing AUTO the Extraction Left, Extraction Right, and Condenser 

(Fig. 11). After that, check X-Symmetry and Z-Focus and performing 

AUTO again.

Fig 11. Source lenses tunning window

6.2.8  Increase the current of ionization filament to 4700 mA with 300 

mA/min until 
187
Re intensity becomes 100 mV.

6.2.9  Click Auto in Source Lenses for optimizing the lenses.

6.2.10  Adjust the current of 
187
Re until the 

187
Re intensity becomes 100 mV.

6.2.11  Adjust the position of 
187
Re by Peak center in Scan Control (Fig. 
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12).

Fig. 12. Peakcenter for 
187
Re

  6.3  The heating of Evaporation filament and measurement

6.3.1  Click Method Editor and select suitable acquisition parameter.

6.3.2  Click green button (Start-Go) in toolbar and set the name of the file. 

Star the measurement.

6.3.3  Apply the current to the evaporation filament up to 5000 mA with 200 

mA/min. The current and the rate can be adjustable depending on the 

quantity of the sample.

6.3.4  After the current of the evaporation filament reaches 5000 mA, click 

Stop in Method Editor to stop the measurement.

  6.4  Procedure after measurement

6.4.1  Decrease the current of the evaporation filament down to 0 mA with 

speed of 3000 mA/min.

6.4.2  Decrease the current of the ionization filament down to 0 mA with 

speed of 3000 mA/min. Near the 2000 mA of ionization current, close 

the Analyzer Gate valve in Watch Parameter.

6.4.3  Come back to the process of 6.2.2, if you want to measure another 

sample. After measurement, set the mass to 10 in Scan Control and 

click Break (Fig. 13). Lock the Analyser Gate Valve manually by 
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using screw driver.

Fig. 13. Low mass setting for Shut-down

  6.5  Data processing

6.5.1  Click Evaluation in Triton s/w.

6.5.2  Check all parameters except Darknoise in View Parameters (Fig. 14).

Fig. 14. Parameter window for data processing

6.5.3  Create ASCII Export file for data processing.

6.5.4  Load the above data file on MS Excel or Origin. Collect the last 10 

data corresponding the section in which the signal completely 

disappeared to obtain baselines for each isotopes by averaging the 

data. Subtract the baselines from the entire data. 

6.5.5  Check the maximum signal intensity of 
238
U or 

240
Pu and collect the 

signal more than 15 % of the maximum value.

6.5.6  Calculating the isotopic ratio of the data obtained at step 6.5.5 and 

then, calculation an average and standard deviation 

6.5.6.1 Uranium

1)  In case the unit of 
238
U signal is mV
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234/238 = 
234
U(cps)/(

238
U(mV) × 62 500) 

235/238 = 
235
U(cps)/(

238
U(mV) × 62 500)

236/238 = 
236
U(cps)/(

238
U(mV) × 62 500)

2)  In case the unit of 
238
U signal is cps

234/238 = 
234
U(cps)/

238
U(cps)

235/238 = 
235
U(cps)/

238
U(cps)

236/238 = 
236
U(cps)/

238
U(cps)

6.5.6.2 Plutonium

240/239 = 
240
U(mV)/

240
U(mV)

or 

240/239 = 
240
U(cps)/

240
U(cps)

7.  Determination of the Concentrations of Uranium and Plutonium

   Isotope dilution mass spectrometry (IDMS) technique combined with TIMS 

(ID-TIMS) is used to determine U or Pu concentration.  Appropriate (or 

comparable) amount of IRMM 040a for U, and IRMM-044 for Pu is added to 

a sample to prepare a blend.

  7.1  Determination of uranium concentration

   TIMS utilizes to determine the isotope ratios of 
233
U to 

238
U in a sample 

and a blend, then determines the concentration of U using the following 

equations.
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where, 

R(X) : amount ratio n(
233
U)/n(

238
U) in the unknown sample material X

R(Y) : amount ratio n(
233
U)/n(

238
U) in the spike material Y

m(X) : mass of the unknown sample used in the measurement

m(Y) : mass of the sample of spike solution used in the measurement
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c(
238
U, X) : amount content of 

238
U kg

-1
 sample material

c(
233
U, Y) : amount content of 

233
U kg

-1
 spike solution

c(U, X) : amount content of U kg
-1
 sample material

c(U, Y) : amount content of U kg
-1
 spike material

  7.2  Determination of plutonium concentration

   TIMS utilizes to determine the isotope ratios of 
242
Pu to 

240
Pu in a sample 

and a blend, then determines the concentration of U using the following 

equations.
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where, 

R(X) : amount ratio n(
242
Pu)/n(

240
Pu) in the unknown sample material X

R(Y) : amount ratio n(
242
Pu)/n(

240
Pu) in the spike material Y

m(X) : mass of the unknown sample used in the measurement

m(Y) : mass of the sample of spike solution used in the measurement

c(
240
Pu, X) : amount content of 

240
Pu kg

-1
 sample material

c(
242
Pu, Y) : amount content of 

242
Pu kg

-1
 spike solution

c(Pu, X) : amount content of Pu kg
-1
 sample material

c(Pu, Y) : amount content of Pu kg
-1
 spike material

8.  Calibration and Correction of Instruments

  8.1  Mass Calibration

8.1.1  Perform the process of 6.1.1 - 6.2.11 after loading a uranium or a 

plutonium standard material as process of 5.1.1. 1 ng of U030 or 

U050 for uranium, and 10 pg of IRMM-290 is suitable standard 

materials to detect the sufficient signal intensity of minor isotopes.

8.1.2  Perform Peakcenter for 
185
Re and/or 

187
Re.

8.1.3  Increase the temperature of evaporation filament to the ion signals of 
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234
U and 

236
U, or 

239
Pu are more than 50 cps.  Perform Peakcenter in 

Scan control tab for all isotopes of uranium and plutonium.

8.1.4  Perform Peackcenter for 
23
Na and 

39
K, respectively.

8.1.5  Perform the mass calibration at least twice a month or whenever 

necessary. (Fig. 15)

Fig. 15. Mass calibration window

  8.2  Yield Calibration

8.2.1  After loading an uranium standard material through out process of 

5.1, perform the process of 6.1.1 - 6.2.11.

8.2.2  Increase the temperature of evaporation filament steadily to a signal 

intensity of 
238
U is about 5 mV.

8.2.3  Click Yield in Detector Calibration tab (Fig. 16).

8.2.4  Perform the yield calibration at least once a month or whenever 

necessary.
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Fig. 16. Detector calibration window

  8.3  Mass Bias Correction

   Mass discrimination factor (C) is calculation from a result of an isotope 

ratio of the standard sample.

C = R(Cert.) / RSTD(Meas.)

[R(Cert.) : Certified istope ratio]

[RSTD(Meas.) : Measured isotope ratio]

After isotope ratio of a sample is measured, the following equation is used 

to correct the mass bias;

R = C x RSamp(Meas.)

where R is the corrected isotope ratio and RSamp(Meas.) is the measured 

isotope ratio of a sample.  Standard deviation of R is square-root of sum of 

squares between the SD of the isotope ratio of the sample.  The procedure 

is performed at least once a month or whenever necessary.

9.  Standard and Reference Materials

  9.1  Production of solutions of standards and reference materials

9.1.1  Weigh the standards (or reference materials) powder(few mg order), 

then put it into a vial (~ 20 mL)

9.1.2  Add ~ 5 mL of suprapur nitric acid and apply heat (~ 70 
o
C) to 

dissolve the powder completely. 
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9.1.3  Once the nitric acid is evaporated, add 20 mL of 1 M HNO3. 

  9.2  Characterization of standards and reference materials

   The concentrations of the standards and the reference materials are 

determined by ICP-MS.

  9.3  Labelling and storage

   All the standards and the reference materials must be stored in a secured 

box with locking system.  Each standards and reference materials must have 

a label showing the following information:

(a) Identification

(b) Date of production

(c) Concentration

(d) Name of the corresponding person

  9.4  List of the used standards and reference materials

(a) U005

(b) U030

(c) IRMM-040a

(d) IRMM-290

(e) IRMM-044
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* Certificates
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10.  Validation of TIMS measurement

  10.1  Validation

   The TIMS measurement of U and Pu isotopes were validated by using 

NIST U005 and IRMM-290 A1, respectively.  Table 1 and Table 2 show the 

measurement values of each isotope ratios of U and Pu together with the 

certified values of the standard.  The total amount of U and Pu loaded on 

filaments were 200 pg and 5 pg, respectively.

Table 1. Measurements of isotope ratios of U005 (200 pg) using TIMS

234
U/

238
U

235
U/

238
U

236
U/

238
U

Certified 2.19×10
-5

4.9194×10
-3

4.68×10
-5

#1 2.24[± 0.22]×10
-5

4.934[± 0.037]×10
-3

4.72[± 0.32]×10
-5

#2 2.19[± 0.19]×10
-5

4.925[± 0.033]×10
-3

4.73[± 0.28]×10
-5

#3 2.23[± 0.18]×10
-5

4.901[± 0.044]×10
-3

4.78[± 0.31]×10
-5

#4 2.20[± 0.20]×10
-5

4.922[± 0.045]×10
-3

4.88[± 0.34]×10
-5

#5 2.15[± 0.18]×10
-5

4.909[± 0.050]×10
-3

4.71[± 0.34]×10
-5

#6 2.22[± 0.21]×10
-5

4.913[± 0.054]×10
-3

4.77[± 0.36]×10
-5

#7 2.19[± 0.32]×10
-5

4.989[± 0.070]×10
-3

4.72[± 0.53]×10
-5

Table 2. Measurements of isotope ratios of IRMM-290 A1 and B1 (10 pg) using 

TIMS

IRMM-209 A1 IRMM-209 B1

242
Pu/

239
Pu

242
Pu/

239
Pu

Certified 1.025 140 2.310 08

#1 1.030 7 [± 0.0112] 2.303 4 [± 0.0231]

#2 1.030 1 [± 0.0115] 2.315 9 [± 0.0396]

   Table 3 shows the validation of the quantitative analysis using U005 and 

U030 standard solutions by ID-TIMS described in section 7 (Determination of 
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Uranium Concentration).  The validation is based on the comparison of the 

concentrations determined by two different methods, which were ID-TIMS and 

ICP-AES (Inductively Coupled Plasma Absorption Emission Spectrometry).

Table 3. Quantitative Analysis of U005 and U030

ID-TIMS ICP-AES

U005
#1 1.001 [± 0.002]

1.012 [± 0.015]
#2 1.002 [± 0.002]

U030
#1 1.088 [± 0.013]

1.105 [± 0.016]
#2 1.086 [± 0.004]

   The validation of the TIMS measurement was additionally supported by the 

inter-laboratory proficiency test in 2000, named as NUSIMEP-2.  The isotopic 

analysis for uranyl nitrate samples adopting the chemical preparations and the 

TIMS measurement procedures described in this documentation showed good 

agreements with the certified isotopic ratios provided by the organizer 

(EC-JRC/IRMM). 

  10.2  Estimation of Uncertainty

   The estimation of uncertainty follows the ISO GUM (Guide to the 

Uncertainty in Measurements) procedure described in below.
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10.2.1  Standard deviation (SD)

Standard deviation is regarded as uncertainty of a measurement. The 

calculation of SD follows the equation below.

 





  






where,   : Average of isotope ratios

 : isotope ratio

 : number of data

10.2.2  Outlier 

Perform outlier test of 2 sigma to data of isotope ratios. (Refer to 

"OUtlier Test" in section 3.4 of "Multicollector Software Version 3.1 

Operating Manual")

10.2.3  The propagation of uncertainty (Combined Standard Uncertainty)

The combined stadnard uncertainty (uc) is calculated by the basic rules of 
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uncertainty propagation are as following:

z = x ± y,
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10.2.4  Calculation of Expanded Uncertainty (U)

The Expanded uncertainty is calculated by multiplying the combined 

standard uncertainty (uc) by a coverage factor (k). 

U = k x uc

The coverage factor is set to 2 with 95 % of confidence level.

  10.3 Limit of Detection (LOD)

   The LOD is defined as the total amount of analyte in grams required to 

give a signal equal to the background(blank) plus three times the standard 

deviation of the blank. 

LOD(g) = BackgroundBlank(g) + 3 SDBlank(g)

   For blank tests, 1 μL of 1 M HNO3 was loaded on a zone refined 

rhenium filament following the procedures in section 5.  SEM was used to 

transduce the signals of isotopes into counts (ie, cps).  IDMS technique 

enables us to quantify each cps, which is approximately 0.1 fg.  Table 3 

shows the LODs for each isotopes of uranium with the mean values and the 

standard deviations of the backgrounds from 10 blank tests.
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Table 3. LOD of the uranium isotopes

Isotope Background (fg) SD (fg) LOD (fg)

U-234 0.02 0.01 0.05

U-235 0.03 0.02 0.09

U-236 0.03 0.02 0.09

U-238 0.72 0.36 1.80

11.  Quality Control

  11.1  Quality Control Chart for Isotope Ratio Analysis of Uranium

   The followings are the quality control chart for isotope ratio analysis of 

uranium using the two standards ((a)U005 and (b) U030), whose total 

amounts loaded on filaments were 1 ng. (The red lines are the certified 

values of the standards)
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(b) U030
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   11.2 Quality Control for Determination of Concentration of Uranium

       The followings are the quality control chart for determination of 

concentration of Uranium:
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