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ABSTRACT 
Main principles of QA applied to an analytical laboratory are given. Attention is paid to 

most important topics as management of equipment and materials, record maintenance and 
sample analysis. QA application is shown in example on project for assessment of 
radioecological status of former uranium mining and milling area. The working plan is 
organized using Deming cycle approach Plan-Do-Chck-Act  (PDCA).  

1. Introduction 
Although principles of quality control and quality assurance are fairly specific their 

interpretation and application are frequently treated differently in the process of sample 
analysis. This is easy to understand as each laboratory structures its program in conformity 
with its operations and problems. What may be suitable for a large laboratory with 
miscellaneous problems and variety of analyses will not be applicable to a small one with 
small range of activities. Variations come also from the budget ant staff limitations. 
However basic recognized practices and procedures remain and should be implemented in 
an analytical laboratory. Few phases could be outlined which are essential to the QA.  

   2.  Administrative considerations  
An analytical laboratory should have as one of its main objectives the production of 

high quality analytical data through the use of analytical measurements that are accurate, 
reliable and adequate for the intended purposes. This objective should be accomplished in a 
cost -effective manner under a planned and documented quality system. Quite often the 
client is not aware what exactly kind of results he needs in terms of nuclides, uncertainty, 
methods of analysis. It is responsibility of the lab management to explain to the client all 
the possibilities with the respective costs, what would be the result and how this result can 
be used. This is especially important to analyses of radioactivity, as they usually are 
expensive even on a routine basis.  

The principle of QA must be understood by all members of the lab down to the cleaning 
lady. Application of QA is time consuming (from 20 to 30% of working time) so personnel 
must be convinced that this is worthwhile.   

Quality assurance – planned system of activities whose purpose is to provide assurance 
that the quality control program is actually effective. Quality assurance plan is composed of 
three essential components with associated to them costs: 
- Prevention: requires a program before and during analyses to ensure that analytical 
systems are functioning properly – planning, training, calibration, maintenance, 
standardization of the solutions etc.  
- Assessment: form of control including periodical checks on performance to determine 
precision and accuracy – analysis of duplicate and check samples, checking of control 
charts, calculations, validation of methodology 
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- Correction: action taken to determine causes of quality defects and to restore proper 
functioning of the system – correction of malfunctioning devices, more check samples, re-
evaluation of the methodology, retraining. 

At some point the additional gain in quality may not justify the increased cost of 
activities – matter of judgment - responsibility of management 

Quality assurance objectives – depends on the purposes of the laboratory, should relate 
specifically to the result desired, not to the process or activity engaged. A number of 
objectives can be mentioned that seem to be universal: 

 To maintain a continuing assessment of the accuracy and precision of data generated 
by analysts within the lab; 

 To provide a measure of the accuracy and precision of analytical methods and to 
identify weak methodologies; 

 To detect training needs within the lab; 
 To provide a permanent record of instrument performance as a basis for validation 

of data and projecting repair or replacement needs; 
 To upgrade overall quality of laboratory performance 

  
3. Personnel management 

Management responsibilities: 
 Planning; 
 Organizing; 
 Staffing; 
 Controlling 

Personnel responsibilities – must be explicitly stated and understood by people.  
Position qualifications and position descriptions  
Training – important part of QA in accordance with objectives: 
 Training of a new employee; 
 Training for employees with deficient performance; 
 Training for development. 

Performance evaluation – nothing to be afraid of as usually happens. It simply is an 
attempt to think clearly and to know each person performance and prospects for 
advancement, as well as to improve job performance.  

4.  Menagment of equipment and supplies 
Equipment management – once a piece of equipment is installed and approved for use it 

should enter into a preventive maintenance program. An inventory chart or notebook should 
be established where name, model, number, serial number, manufacturer, date of 
acquisition, cost and location, problems, repairs, parts required etc. A definition of service 
tasks could be attached in case of more than one equipment, for instance detectors. Those 
with better efficiency and resolution should be used for measurements of samples after 
radiochemical procedures or for low activities. This will prevent also detectors from 
contamination if high activity is measured. Routine checks for stability of the equipment – 
energy calibration, efficiency calibration, parameters of the detector – should be performed 
on weekly, monthly, yearly basis and after repairmen. The more information is included 



11 
 

more useful will it be to the user. In the case of measuring equipment for radioactivity it is 
even more important as usually this equipment is quite expensive.  

Supplies management – control of materials and glassware is essential in the quality 
assurance program. When specifications are prepared the following points should be 
included: identity, purity, tests to be conducted for quality and purity, storage and handling 
procedures, impurities, preparation date and expiration date.  

Primary reference standards – it is a homogeneous material with specific properties that 
has been measured and certified by a qualified and recognized organization. These 
materials are quite expensive and may or may not be used in everyday operations. They are 
often used to “calibrate” so-called working or secondary standards. A working standard can 
be defined as a substance other than a primary reference standard that is used as a reference 
material in day-to-day analyses. 

Standard solutions – labeled with all the necessary data as identity, date of preparation, 
concentration. 

Purified water – often neglected, attention must be given to the purity 
Volumetric glassware – especially important for volumetric measurements, many 

dilutions are made, errors can be made because of temperature, cleannes, reading, type of 
meniscus etc.  

Balances – must be calibrated by an authorized company yearly or once in two years. 

5.  Record maintainance 
Record maintenance – integral part of the quality assurance program 
Sample: 

 It must be a representative portion of the product; 
 Identity must be established by the person who obtained the sample; 
 Integrity must be maintained during the collection and delivery; 
 Must be handled and treated in such a manner that its composition does not change 

during transit or storage before analysis. 
When the sample is assigned to analyst he is responsible for determination that the 

sample is properly received as stated in records. Further analyst is responsible for an 
accurate and complete analysis and the preparation of written report. As in many 
laboratories the analysis of one sample is performed by many persons it is of utmost 
importance to have a record on the sample’s fate and movement, procedures, measurements 
and report. It is also important to have part of the sample left for judgmental analysis should 
something goes wrong.  

Example of maintenance of analytical records - example of our control chart for Nb.  

6.  Sample analysis 
Critical control points – sample collection, sample preparation, sample analysis, 

inadvertent errors, instrumentation, analyst. 
Sample collection – protocol – size, sampling method, container type, preservation, 

shipment, storage 
Sampling for analysis – depends on the objective of analysis, in general – analysis of 

three to five aliquots; two ways – instrumental and radiochemical 
Sample analysis – choice of procedures for sample preparation, choice of analytical 

method 
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Inadvertent errors 
Instrumentation: preventive maintenance and periodic control to avoid as much as 

possible pitfalls. Should be located in an appropriate room concerning temperature 
(temperature drift), cleanness (low background), stable electricity supply. 

Corrective action: 
 On-the-spot – immediate action used to correct or repair malfunctioning equipment, to 

correct poor technique or to respond to nonconforming data; 
 Long-term action – to identify and to eliminate the problem in order to improve data 

quality;  
  Prevention – to take all measures to prevent malfunctioning of the equipment or 

obtaining poor data. 

7.  Proficiency testing 
Intralaboratory quality assurance program – continuing, systematic in-house regimen 

intended to assure production of analytical data of continuing high validity. Analysis of 
“blind” samples or analysis of one sample by few analysts. 

Interlaboratory quality assurance program – participation in intercomparison runs on 
national and international level.Using ISO 2000 terms we can apply the PDCA 
methodology (Plan-Do-Check-Action) to assessment of radioecological status of former 
uranium mining and milling area. 
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  

  
  
  

Figure 1. Sampling methodology 
  
11..PPllaann – establish the objectives and processes necessary to deliver results 
The objective - to evaluate radioecological status of the area, to propose measures and 

techniques for restoration of polluted sectors   
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Development/adoption of sampling procedure; Sampling methodology, traceable to 
ANSI-C998-83 

The red points on the picture (Fig.1) are centers of a square 1x1 m. From the corners of 
each square (blue points) samples are taken from depth 0-5 cm. Sample from depth 40 cm 
is taken from the central points. In this way for each square we have sample from 0-5 cm 
depth (composite from the four corner points) and sample from a depth 40 cm - central 
point. In the Figure 1 the points have the following XY coordinates: 

Point with measured dose rate 5000 nGy/h - 3.5; 6.5; 
Point with measured dose rate 4200 nGy/h - 6.5; 6.5; 
Point with measured dose rate 5400 nGy/h - 5,5; 
Point with measured dose rate 1800 nGy/h - 3.5; 3.5; 
Point with measured dose rate 3800 nGy/h - 6.5; 6.5. 
 

Specification of the samples to be taken: air, water, soil, plants, animals – to follow the 
food chain; 

 

Figure 2. Elemental distribution through the food chain 
 

Development of reference materials for alpha/beta/gamma spectrometry;  
Development of chemical and radiochemical procedures for analysis 
Development of efficiency calibration sources for Detectors in use;  
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Figure 3. Efficiency calibration standards for gamma spectrometry 
 
22..  DDoo - implement the process 
Sampling from a chosen region; Preparation of the samples for analysis –  mechanical, 

chemical, radiochemical procedures; Measurement of the samples - λ-, β- and γ-
spectrometry, X-ray fluorescent analysis; Measurements of Radon 
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Figure 4. INRNE area – total beta activity in aerosols 
 
3. CChheecckk - monitor and measure processes 
Analysis of the results, Comparison to a reference areas - BEO Mussala, INRNE site 
 

 
Figure 5. INRNE site – total beta activity in solis 
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8.   Action  - 
Actions necessary to improve the situation 
Proposal for remediation and recultivation measures 
Program for recultivation in collaboration with Forest Institute - four approaches, 

varying depending on the pollution level and finances available 

9.   Literature 
[1] Standard ISO 9001- 2000  
[2] Claude, Still, David, 1995. “Solid Standards for Quality Control in Radiochemical   

Analysis”, Radioactivity&Radiochemistry, v.6, No 2, pp. 28-39 
[3] The Environmental Behaviour of Radium, Volume 1, Technical Report Series 

No. 310, IAEA, Vienna, 1990 
[4] Standard ANSI-C998-83 

SADRŽAJ 

OSIGURANJE KVALITETA U MERENJU RADIOAKTIVNOSTI 

Lidia Kinova 
 

Institut za nuklearna istraživanje i nuklearnu energiju, Bugarska akademija nauka, 
Sofija, Bugarska, likinova@inrne.bas.bg 

U radu su prikazani osnovni principi QA primenjeni na analitičku laboratoriju, naročito 
najvažnija pitanja koja se tiču upravljanja opremom i materijalima, rukovanja zapisima i 
analizom uzoraka.Primena principa QA je prikazana na primeru projekta za procenu 
radioekološkog statusa područja oko rudnika uranijuma. Plan rada je izveden primenom 
Deming cycle pristupa Plan-Do-Check-Act  (PDCA).  

 
 

 
 
 

  


