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ABSTRACT 
Aim of this work was to perform interlaboratory comparison of analytical results of tests to estimate 
proficiency for laboratories accredited according to EN ISO / IEC 17025: 2006. To make officially 
acceptable comparison results, provider must meet the requirements of relevant international 
documents such as ILAC G-13: 2000 (at the time of implementation, in the meantime has issued ISO / 
IEC 17043:2010). In this sense, it was necessary to do the following: Establish a quality system for 
provider who will plan, organize, implement PT-sheme, perform statistical processing of data and 
create reports on the results of PT-scheme; perform statistical analysis of results obtained from 
laboratories participating in the PT-scheme; make a report, comments and conclusions of the analyzed 
results of PT-scheme. There were participate six laboratories that analyse engine fuels. It was tested 
content of lead (Pb) in petrol and sulphur (S) in diesel. Statistical analysis of results obtained from the 
participants was done in accordance with ISO 5725-1: 1994 and ISO 5725-2: 1994. Proficiency of 
participants were estimated by z-score calculation, as the most frequently used parameter for results 
assessing. 
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1. INTRODUCTION 
According to the requirements of 5..9 b)1 of the Standard EN ISO 17025: 2006, the laboratory shall 
have quality control procedures for monitoring the validity of tests and calibrations undertaken. The 
obtained data can be written in such a way that they can monitor trends and, where applicable, must be 
used statistical techniques to review the results. Participation in PT increase security in own laboratory 
results. There are several types of PT's, which is mainly based on the comparison of measurement 
results from two or more laboratories. The main benefit of the participating laboratories in the PT is  
proficiency performance evaluation for  testing. The evaluation may include a laboratory, a customer 
or accreditation body. Enforcement of external measurements (comparison) complements own 
laboratory control. For users of laboratory services (customer) the most important is confidence in the 
accuracy of measurements. Users can evaluate the recieved services himself or use the services of 
other subjects. Some accreditation bodies use their own PT, a significant number use PT developed by 
other subjects. 
 
 

                         
1  b) participation in the programs of interlaboratory comparisons or proficiency testing programs 
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2.   RESEARCH AIMS 
The objectives set in this research can be defined in the following tasks: 
• Establish a quality system for providers who will plan, organize, implement the PT-sheme, carried 

out statistical processing of data and create reports on the results of PT-sheme. 
• Implement PT-sheme. 
• Perform statistical analysis of results obtained from laboratories participating in the PT-sheme. 
• Create reports, comments and conclusions of the analyzed results of PT-scheme. 

 
3.  EXPERIMENTAL WORK 
In accordance with established Quality Management System and operational procedures, after the 
intention polling list confirmation by the participants,  we started with the preparations for the 
implementation of sheme. Samples are taken at retail refueling gas stations so as to directly fill in 
plastic containers. Samples were labeled on the spot. Primary amount is divided in small canisters and 
labeled in such a way to avoid an agreement among the participants. Under the previous agreement, 
the participants were required to organize assumption and transport of test items. Test items nalysis 
should be done in requirements of repeatability and as routine analysis of ordinary samples. All 
participants were informed how to submit results of analysis. 
First step of statistical analysis was identification of outliers for each level severally and after that  
outliers inside results of laboratory. Outliers were identified by the Cochran's and Grubss's statistics, 
according  ISO 5725-1-4: 1994.  After outliers idntification was calculated z-score for each level to 
estimate laboratory proficiency for specified parameters analysis. 
 
4. RESULTS 
Participants submitted results presented in Table 1.  All results expressed as mg kg-1. 
 
Table 1. Results of participants 
LEVEL LABORATORY LEVEL LABORATORY 

1 

1 2 3 4 5 6 

2 

1 2 3 4 5 6 

113 127 141 122 123 136 7,86 7,58 8,00 5,72 3,00 7,00 

112 129 139 121 119 136 7,68 6,57 8,00 5,85 1,00 8,00 

111 130 141 122 120 138 7,99 7,84 13,00 6,36 2,00 9,00 

112 130 140 123 119 138 7,39 6,86 14,00 6,56 7,00 7,00 

114 130 138 123 119 140 7,86 6,27 14,00 5,72 5,00 11,00 

112 130 137 123 120 140 7,62 7,55 9,00 4,97 4,00 14,00 

112 131 140 123 120 138 7,92 6,73 8,00 5,35 5,00 8,00 

113 129 141 122 119 138 7,49 6,72 14,00 4,76 4,00 8,00 

111 130 137 123 120 138 7,81 6,33 7,00 4,68 1,00 14,00 

111 131 138 122 119 142 7,42 7,33 7,00 4,47 1,00 14,00 
 
Level 1 – Results of lead (Pb) level in petrol 
Level 2 – Results of sulphur (S) level in diesel  
 
 
4.1. Intralaboratory outliers – Cochran's statistics 
Cochran's factor was calculated according to: 
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Calculated values of C were Clevel 1 = 0,327 and Clevel 2 = 0,410. For number of participants and 
appropriate degree of freedom, 1% critical value of Cochran's factor is α(0,01)=0,4229 and  
5% critical value of Cochran's factor is α(0,05)=0,3682.  
 
4.2. Interlaboratory outliers – Grubss's statistics 
Determination of outliers at one level was done as Grubss examining of outlying observations 
(one maximum or one minimum value) and Grubss's factor calculation of this factor to the 
equation: 
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Grubss's factors had values of 1,138 and 1,376 for level 1 and values 1,101 and 1,492 for level 2. 
 
4.3.  Accuracy testing within a single cell 
For the determination of cell-outlier was used Grubss-this is a test outlying observations (one 
maximum or one minimum value). Computed on the Grubss's G statistic for each cell within a single 
laboratory. 
For maximum observation Grubss's data was calculated as: 
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For minimum observation Grubss's data was calculated as: 
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For one outlying observation, 1% of critical value of Grubss's parameter and appropriate number of 
laboratories and series of results within cells is 2,482 and 5% of critical value of Grubss's 
parameter is 2,290. 
 
                 Table 2. Gh  and Gl  values for each cell 

 LABORATORY 

1 2 3 4 5 6 

L 
E 
V 
E 
L 

1 
Gh 1,9106 1,1212 1,1116 0,8581 2,6032* 1,9588 

Gl 1,1062 2,3286* 1,3586 2,0023 0,6508 1,3059 

2 
Gh 1,3223 1,5493 1,2180 1,5550 1,7983 1,3416 

Gl 1,4517 1,2725 1,0257 1,3572 1,1179 1,0062 
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4.4. z-score 
After outliers determination, z-score was calculated by equation: 
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Satisfactorily values of z-scores are from -2 to 2 (acceptable results). The values of z-scores between -
2 and -3 and between 2 and 3 are doubtful (suspicious results), while the value of z-scores lower than -
3 and greater than 3 are unsatisfactory (unacceptable results). 
 

Table 3. zscores by laboratories and levels 

zi 
LEVEL 

1 2 

z1 -11,306 0,218 

z2 2,109 -0,147 

z3 9,350 1,47 

z4 -3,455 -0,919 

z5 -5,437 -1,996 

z6 8,740 1,372 
 

5. CONCLUSION 
Applying Grubss's tests by one outlying observation for interlaboratory outliers were not determine the 
existence of outliers. Grubss's tests for results within a single cell by one outlying observation 
established that the highest score of laboratory 5, level 1 is outlier and  the smallest result of laboratory 
2, level 1 is stragler, while other results are satisfactory. Calculated z-scores indicates that result of 
laboratory 2 for level 1 is suspicious result and results of laboratories 1, 3, 4, 5 and 6 for level 1 are 
unacceptable results. Interlaboratory testing of samples organized by clearly defined procedures in the 
framework of quality system, is the best tool for checking the proficiency level of analytical testing 
laboratories for defined determination. 
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