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1.
Title:
REALIZATION OF INTERNAL QUALITY CONTROL (IQC)

2.
Purpose:
To define the set of procedures and responsibilities undertaken by INSERT LABORATORY ACRONYM for the continuous monitoring of operation and the results of measurements in order to decide whether the obtained results are reliable enough to be released.

3.
Scope:
The scope of this procedure extends to the results provided to the customers as part of the analytical support of the INSERT LABORATORY ACRONYM.

4.
Definitions:
Run: Realization of a particular work assignment.

Control group. Group of additional samples that are prepared in a work assignment for the realization of internal quality control. 

Control material. Reference material sample prepared to be submitted periodically to analysis, in order to check the stability in performance of a given analytical instruction. This sample shall comply with the requirements specified in ISO/REM N 271 Rev (1994).

5.
References:
Thompson M., Wood R, Harmonized Guidelines for Internal Quality Control in Analytical Chemistry Laboratories, Pure Appl. Chem., Vol. 67, No. 4, pp. 649-666, 1995.



ISO/REM N 271 Rev (1994).



ISO 8258:1991. Shewhart control charts

                                      Quality Control and Quality Assurance. Basic Principles and Recommendations. R.F.W Schelenz. International Atomic Energy Agency. Agency’s Laboratories Seibersdorf. IAEA Interregional Training Course on Determination of Radionuclides in Food and Environmental Samples, 17th October – 11th November 1988. School of Nuclear Technology, Nuclear Research Centre Karlsruhe, Germany, F.R. 
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6.
Responsibilities:
The INSERT LABORATORY ACRONYM Quality Manager is responsible for the selection of internal quality control samples, its preparation for analysis and for evaluating the results. In the absence of the INSERT LABORATORY ACRONYM -QM, the Head of INSERT LABORATORY ACRONYM assumes all the responsibilities for ICQ.

7.
Procedure:

7.1
General. Internal Quality Control consists of those operations which are undertaken in the laboratory to ensure that the data produced are generated within known limits of trueness and precision. The practice of IQC depends on the use of two strategies, the analysis of reference materials (control materials) to monitor trueness and statistical control, and duplication to monitor precision.

7.1.1
Statistical control. The interpretation of the results of IQC analyses depends on the concept of statistical control, which corresponds with stability of operation. Statistical control implies that an IQC result x can be interpreted as arising independently and at random from a normal population with mean  and variance 2.

Under these constraints only about 0.3 % of results (x) would fall outside the bounds of  ± 3 . When such extreme results are encountered, they are regarded as being “out-of-control” and interpreted to mean that the analytical system has started to behave differently. Loss of control implies that the obtained results are of unknown trueness and precision and hence can not be relied upon.

7.1.2 IQC and fitness for purpose. The process of IQC is based on a description in terms of statistical parameters of the ongoing analytical procedures in conditions of normal operation. Control limits are based on the estimated values of these parameters and must be narrower than the requirements of fitness for purpose or the analysis would be futile.

For the cases of ad hoc analysis (e.g. unfamiliar matrices, not often analyzed by the laboratory, rarely encountered reference materials), the concept of IQC is inappropriate. For such cases the quality control is performed by judging the analytical performance of the analytical method.

7.1.3 Errors: Two main categories of analytical uncertainties are recognized, namely random and systematic uncertainties, which give raise to imprecision and bias respectively. Random uncertainties cause positive and negative deviations of results around the underlying mean value. Systematic uncertainties comprise displacement of the mean of many determinations from the true value and can be of two levels of relevance: Persistent bias affecting the analytical system over a long period of time, and which can be tolerable if it is kept within prescribed bounds and; run effect which is a deviation during a particular run and which can be identified as an out-of-control condition if it is sufficiently large.

7.1.4 Statistical model: The statistical model used for IQC is as follows: The value of a result (x) in a particular run is given by:

x =true value+persistent bias+run effect uncertainty+random uncertainty (+ gross error)

The variance of x (
[image: image1.wmf]2

x

s

) in the absence of gross errors is given by:


[image: image2.wmf]2

1

2

0

2

s

s

s

+

=

x


where 
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 is the variance of the random uncertainty (within run) and 
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 is the variance of the run effect. The variances of the true value and of the persistent bias are both zero. An analytical system in control is fully described by 
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7.2
Selection of the control group.

Depending on the frequency a given analysis has been performed by the INSERT LABORATORY ACRONYM the size of the control group differs. Table 1 summarizes the rules for control group selection.

7.2.1
Duplicates. For the services that are performed frequently and have results considered under control the amount of duplicate samples is lower. In the case of ad-hoc services, duplicates from all of the samples will be included in the control group. Duplicates must reflect as far as possible the full variability of mass fractions for each analyzed element in the work assignment run.

Table 1. Selection rules to establish the control group

	Frequency of realization
	Types of matrices (M)
	Expected variability in mass fraction 
	Number of samples in the request (N)
	Duplicates
	Control materials (a)
	Blank samples

	Frequent
	M = 1
	Narrow
	N < 20
	0.5 * N
	1 replicate of one control material
	1

	Frequent
	M = 1
	Narrow
	N > 20
	 5 
	1 replicate of one control material for each 10 samples in the run
	N/10 + 1

	Frequent
	M = 1
	Broad
	N < 20
	0.5 * N
	1 replicate of 2 different control materials. The CM are selected as to represent:

- the median of mass fraction 

- a mass fraction close to DL or to maximum value(a)
	1

	Frequent
	M = 1
	Broad
	N > 20
	 5 
	
	N/10 + 1

	Frequent
	M > 1
	Narrow
	N < 20
	0.5 * N
	one replicate of M control materials
	M

	Frequent
	M > 1
	Narrow
	N > 20
	 0.05 * N
	M control materials, and for each type, one replicate per each 10 samples
	M * N/10

	Frequent
	M > 1
	Broad
	N < 20
	0.5 * N
	1 replicate of 2 different control materials for each matrix type. These CM are selected to represent:

- median of mass fraction 

- close to DL or to maximum value (b)
	M

	Frequent
	M > 1
	Broad
	N > 20
	 5
	
	M * N/10

	ad hoc analysis
	M = 1
	Narrow
	N
	N
	one replicate per each ten samples.
	N/10 + 1


Note: (a) In the absence of suitable certified reference materials, reference materials with mass fractions determined by alternate analytical methods can be used instead.


 (b) Selected upon the intended purpose of the analysis.

7.2.2
Control materials. Control materials are reference materials with a matrix composition close to the analyzed samples, and which elemental mass fractions are known with inaccuracies less than those resulting from the intended analytical method. Depending on the type of run, different number of control materials is selected. In the absence of suitable certified reference materials, a reference sample with values of mass fractions obtained by alternate analytical methods can be used for control.

7.2.3
Blanks. Blanks are pure compounds with mass fractions of the elements of interest below the detection limits of the analytical method. The average atomic number of the blank sample shall be as close as possible to that of the analyzed samples. Blank samples shall be included always in the control group, to reflect probable contaminations arising from sample preparation.

7.3
Sample classification and identification.

7.3.1
The QM fills in form INSERT LABORATORY ACRONYM.F.005 the list of the samples already related in INSERT LABORATORY ACRONYM.F.001 and adds the list of samples from the control group assigning INSERT LABORATORY ACRONYM codes. The format of INSERT LABORATORY ACRONYM code is RSYY-NN, where RS denotes Request of service, YY the year and NN the consecutive number of the Request within the current year.

7.3.2
The complete list of INSERT LABORATORY ACRONYM sample codes is given to the Nuclear Instrumentation Specialist in the work assignment information form (INSERT LABORATORY ACRONYM.F.003)

7.4
Control Group sample preparation.

7.4.1
The Control group samples are prepared in the same way that the rest of the samples from the work assignment, following the instructions given in the procedure INSERT LABORATORY ACRONYM.OP.003.

7.5
Collecting the analytical results.

7.5.1
Upon receiving the results of the analysis from the nuclear Instrumentation Specialist in form INSERT LABORATORY ACRONYM.F.003, the INSERT LABORATORY ACRONYM -QM records the results in form INSERT LABORATORY ACRONYM.F.005. He/she uses for all the required calculations the Microsoft Excel Worksheet INSERT LABORATORY ACRONYM -IQC.XLS. Specific instructions on how to use this Worksheet are provided in each of its three pages.

7.6
Evaluation of the analytical results.

7.6.1
Construction of Shewhart control charts: A Shewhart control chart is obtained when values of calculated elemental mass fractions from a control material measured in consecutive runs are plotted on a vertical axis against the run number in the horizontal axis. If more than one analysis of a particular control material is made in a run, either the individual values or their mean value 
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can be used. The chart is completed by horizontal lines derived from the normal distribution N(,2) that is taken to describe the random variations in the plotted values. The selected lines for control purposes are  , 
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(warning limits) and 
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(action limits).

The values of  and  are calculated in any of the following ways:

7.6.1.1
For the case of the analysis of a single replicate of control material in m consecutive runs:
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7.6.1.2
For the case of the analysis of n replicates of the control material in each consecutive m runs:
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7.6.2
Precision and duplicate analysis: The absolute differences 
[image: image15.wmf]2

1

x

x

d

-

=

 between duplicate analytical results x1 and x2 are tested against an upper control limit based on an appropriate value of 0. The value of 0 shall correspond to the expanded uncertainty value obtained during analytical instruction validation. For the case of runs including a broad range of mass fraction values, the value of 0 must be established as a functional relationship with mass fraction. A run is considered in control if 95 % of the values of the calculated 
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 for duplicate results are less than
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Another way of controlling the precision of analyses is by using a Range quality control chart (Rmean) as explained in detail in Annex 1. The Rmean-quality control chart is used to monitor the results of duplicate analyses.

7.6.3
Trueness and control sample analysis: The assessment of trueness is performed by plotting the results obtained for the control sample(s) in respective Shewhart charts. An out-of-control condition is signalled if any of the Westgard Rules occur.

7.6.3.1
For the case of using a single Shewhart chart (only one control material was analyzed):

· If the current value falls outside the action limits

· Two out of three points in a row fall outside the warning limits 

· Nine consecutive plotting values fall on the same side of mean line.

· Six points in a row steadily increasing or decreasing 

· Fourteen points in a row alternating up and down

· Four out of five points in a row between the limits 
[image: image19.wmf]0

s

m

±

 and
[image: image20.wmf]0

2

s

m

±

 or beyond.

· Fifteen points in a row between the limits 
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  and 
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 above and below mean line.

· Eight points in a row on both sides of mean line with none between the limits  
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7.6.3.2
If two control materials are used in a run, the respective control charts are considered simultaneously. This increases the chance of a type 1 error (rejection of a sound run) but decreases the chance of a type 2 error (acceptance of a flawed run). In such case, an out-of-control condition is indicated if:

· At least one of the plotted values falls outside the action limits

· Both values fall outside the warning limits but within the action limits

· The current value and the previous plotting value on the same control chart both fall outside the warning limits but within the action limits

7.6.4
Blanks: The results of the analysis of the blank samples serve to assess whether contamination has occurred or not. Blank measurements also serve to reveal instrumental background spectral interferences.

7.7
Reporting the IQC results.

7.7.1
The INSERT LABORATORY ACRONYM -QM reports to the Leader of the INSERT LABORATORY ACRONYM the results of the internal quality control in the work assignment form. He/she also fills the results obtained with INSERT LABORATORY ACRONYM -IQC.xls in form INSERT LABORATORY ACRONYM.F.005 and files it in record INSERT LABORATORY ACRONYM.OR.005. The INSERT LABORATORY ACRONYM -QM also records in the INSERT LABORATORY ACRONYM.OR.002 the status of compliance to the internal quality control.

8.
Records
INSERT LABORATORY ACRONYM.OR.001




INSERT LABORATORY ACRONYM.OR.002




INSERT LABORATORY ACRONYM.OR.003




INSERT LABORATORY ACRONYM.OR.005

9.
Appendix: Annex 1. Rmean-quality control chart for controlling precision in EDXRF analyses.

Annex 1. Rmean-quality control chart for controlling precision in EDXRF analyses.

In cases where the analysis of “check” standards is impractical it is possible to control the precision of the analyses by splitting samples and doing duplicate analysis. A range quality control chart (Rmean) can be used to monitor the results of the duplicate analysis. The Rmean-chart is set up by analyzing a series of 15 to 20 duplicates and calculating the range (absolute value of the difference). The mean range can then be calculated and plotted on the  Rmean-chart as shown in the Figure 1. Fifty percent of the ranges should be above a line corresponding to 0.845 Rmean , 2.456 Rmean is the 95 % limit and 3.27 Rmean is the 99 % limit.


Figure 1. Typical Rmean-quality control chart 

If 5 or more consecutive points are above the 50 % line then the analysis is moving out of control and corrective action is needed. Occasionally points will lie above the 95 % limit (about 1 in every 20 points) but points falling above the 99 % limit indicate the need for corrective action. If too many zero values occur it is likely that the results are not being calculated to the correct number of significant figures.

The range value on the Rmean-chart can be used to calculate the standard deviation of the analyses by using the equation:   
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where S is the standard deviation, R are the ranges and N is the number of samples run in duplicate.

Periodically the Rmean-chart should be updated by calculating the standard deviation for the current period and comparing it with the cumulative standard deviation by means of the F-test. If there is no significant difference in the two standard deviations, then a new cumulative mean range Rmean-cumul and standard deviation Scumul  should be calculated from the following equations:
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where N, Rmean-previous and Sprevious refer to the previous cumulative results and n, Rmean-current and Scurrent refer to the results of the current period.

In EDXRF, if the standard deviation due to the counting statistics can be kept fairly constant (for instance, using the same counting time for all the duplicates), then the Rmean-charts can be used to monitor precision.
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