CNAS-CL03-A001:2018                                                        Page 20of 21

[image: image163.jpg]



CNAS-CL03-A001
Guidance on the Application of Accreditation Criteria for Proficiency Testing Providers in the Field of Microbiology
China National Accreditation Service for Conformity Assessment (CNAS)

Table of Contents
2Foreword


31 Scope


32 Normative references


33 Terms and definitions


44 Technical requirements


105 Management requirements


12Annex A (informative annex)


12Homogeneity and stability test


12A.1 Quantitative plan


16A.2 Qualitative plan


17Annex B (informative annex)


17Statistical analysis and proficiency assessment


17B.1 Determination of the assigned value and proficiency assessment standard deviation


17B.2 Proficiency assessment


21Annex C (informative annex)


21Examples of statistical analysis of microbiological proficiency testing


21C.1 Homogeneity test


22C.2 Stability test


23C.3 Result statistics and proficiency assessment


25Bibliography




Foreword
This document is CNAS’s further interpretation of CNAS-CL03:2010 “Accreditation Criteria for Proficiency Testing Providers” based on the characteristics of microbiological proficiency testing schemes. It neither adds to nor reduces the requirements of this Criteria. 
This document specifies the particular requirements for the organization and implementation of the proficiency testing schemes in the particular field of microbiology, homogeneity and stability test of proficiency testing samples and result evaluation and defines the requirements to be followed in the implementation of microbiological proficiency testing in particular fields. In terms of structural layout, the clause numbers and titles of the chapters and sections of this document all adopt those of CNAS-CL03:2010. The interpretations and explanations are given after respective clauses.
This document shall be used in parallel with CNAS-CL03:2010 “Accreditation Criteria for Proficiency Testing Providers”
Guidance on the Application of Accreditation Criteria for Proficiency Testing Providers in the Field of Microbiology
1 Scope
This document is mainly applicable to the accreditation activities of microbiological proficiency testing providers in such non-medical testing fields as food, drinking water, feeds, cosmetics, environmental samples, toys, textiles, sanitation supplies, disinfection products and antibacterial materials.
2 Normative references
The following referenced documents contain provisions which, through reference in this document, constitute provisions of this document. For dated references, only the edition cited applies. For undated references, the latest edition of the referenced document (including any amendments) applies.
GB/T 27405 Criterion on quality control of laboratories - Microbiological testing of food 
GB/T 28043 Statistical methods for use in proficiency testing by interlaboratory comparisons (ISO 13528, IDT)
GB/T 6379 Accuracy (trueness and precision) of measurement methods and results (ISO 5725, IDT)
SN/T 1800 Microbiology of food and animal feeding stuffs—Colony-count method at 30℃ (ISO 4833, IDT)
ISO/TS 22117 Microbiology of food and animal feeding stuffs-Specific requirements and guidance for proficiency testing by interlaboratory comparison
3 Terms and definitions
3.1 target microorganism
microorganism acting as the designated analyte in a proficiency testing sample 
3.2 background flora
Microorganism competing with or similar wo the target microorganism in a proficiency testing sample
3.3 reference strain
A strain that is defined at least to a genus or species and is classified and described according to its characteristics, with a clear source. (GB/T 27405)
3.4 limit of determination

The minimum number of microorganisms that can be detected but whose precise number cannot be given during qualitative microbial testing (GB/T 27405)
4 Technical requirements
4.1 General
The microbial proficiency testing scheme provider or its subcontractor shall have the testing competence of the corresponding microbial items within its accredited scope.
4.2 Personnel
4.2.1 Whether sample preparation and sample testing are subcontracted or not, the key technical personnel engaged in proficiency testing planning, sample preparation, and proficiency assessment positions shall have the technical competence for preparing and testing microbial samples.
4.2.2 The authorized signatory shall have a master's degree or above in microbiology related field, over 3 work experiences for organizing the implementation of microbial interlaboratory comparisons, intermediate level or above (including intermediate) technical title. If they do not meet the above qualifications or technical title requirements, they shall meet the following conditions:

     A) After graduating from college, engaged in professional and technical work for more than 7 years; or

     b) Bachelor degree, more than 5 years in related field; or

c) Master degree or above (inclusive), engaged in related majors for more than 2 years.
4.2.6 The personnel training and ongoing education plan shall include knowledge such as preparation, storage, transport, biosecurity protection of microbial proficiency testing samples, statistical analysis of microbial proficiency testing and proficiency assessment.
4.3 Equipment, accommodation and environment
4.3.1 The preparation and treatment of samples involving pathogenic microorganisms shall meet the requirements of the biological safety grade of the microbial sample preparation and testing activities. 
4.3.3 Different functional areas shall have clear labels. The biological hazard labels corresponding to the biosecurity grade shall be used correctly. The personnel entering shall be strictly controlled. The specific uses and restrictive measures of the sample preparation area, the testing area and the storage area of microbial proficiency testing samples shall be defined.
4.3.4 Sample preparation and storage environmental conditions shall have clearly defined rules and corresponding monitoring records.
4.4 Design of the proficiency testing scheme
4.4.1 Planning
4.4.1.1 A pilot test shall normally be carried out before a new proficiency testing scheme is carried out. The pilot test shall take into account the design of microbial samples and the key processes in sample preparation (the processes that directly affects the quality of the competency verification plan).

4.4.1.3 The microbial proficiency testing scheme shall include the following content:

4.4.1.3 e) the target microorganism is qualitative testing and/or quantitative testing;

4.4.1.3 f) adopting natural samples or artificially contaminated samples, as well as the sample matrix;

4.4.1.3 g) When artificially contaminated samples are used, the source and characteristics of the target microorganism, the composition of the background flora, the expected content/range of the target microorganism and the background flora;
4.4.1.3 i) Special requirements for proficiency testing sample distribution, such as ensuring low temperature and biosecurity protection measures. The stability test information can be used to select the best conditions for distributing samples, such as whether it is necessary to use dry ice or ice bags to cool the sample during transport, or to determine whether environmental conditions are acceptable.

When artificially contaminated samples are prepared, the requirements for target microorganisms and background flora are: 
——The source of target microorganism and acquisition channels shall be documented. The target microorganisms shall use standard strains preserved by qualified strain preservation agencies and, where applicable, examined and validated wild strains can be used based on the purpose of proficiency testing. 
——The characteristics of the target microorganism shall be confirmed prior to use, and appropriate standard test methods (such as ISO standards, GB or industry standards) shall be used for the confirmation in accordance with the objectives of proficiency testing. 
—— The properties of the strains used to simulate the background flora shall also be examined and confirmed.
—— When there is background flora in the proficiency testing samples, especially suspected target microorganisms, the provider shall consider the impact of the background flora on the testing of the target microorganism, and shall ensure the accuracy and reliability of the assigned value of the sample through confirmation test. 
4.4.1.3 j) There are measures to prevent collusion or falsification of results, such as multi-level, multi-sample design, the return of participants to isolated target microorganisms, etc.;
4.4.1.3 u) The harmless treatment method shall be adopted in the event of damage or leakage of pathogenic microbial samples.
4.4.1.5 b) Identify the key steps and main issues for the preparation of microbial samples whose homogeneity and stability meet proficiency testing requirements, as well as measures to address these issues.
4.4.2 Preparation of proficiency testing items
4.4.2.2 A procedure shall be established for the preparation, storage and disposal of microbial proficiency testing samples, including the handling of tested samples and remaining samples. The content of the record of the preparation process shall include:

— target bacteria and background bacteria of the proficiency testing sample and the matrix used and treatment method; 
· Confirmation record of the target bacteria and background bacteria of the proficiency testing sample;
· A record of adding (polluting) microorganisms;
· The name of the main instrument and equipment for sample preparation;；
·  Preparation process (the record shall include freeze-drying record when the sample is freeze-dried powder);
· The number of samples (taking into account the participants’ demand for samples to do self-review or joint review after the completion of the results evaluation when they have doubt about the stability of the proficiency testing sample)
· Sample preparation environment monitoring records；

— Disinfection and sterilization records.
4.4.2.3 When natural samples are unable to meet the requirements of the proficiency testing goals and objectives, artificially contaminated samples shall be used. The target microorganisms and background bacteria in the artificially contaminated samples shall be similar to the daily test samples as far as possible. The design of the target microbial level shall take into account the microbial method detection limit and the level of microbial routine detection in similar samples. When the target microorganism is a pathogen, consideration shall be given to the level of harm to human health and the limit level of microorganisms in safety standards. 
Note: When the target microbial method detection time limit is set in the qualitative plan, due to the characteristics of the microorganism itself and the limitations of the added technical means, the target microbial level is usually set at slightly higher than the detection limit of conventional method in order to facilitate the accurate examination of the participants’ proficiency. If the target microbial level is set too high, it is not conducive to a complete examination of the technical proficiency of the laboratory, especially the proficiency at the stages of screening, selection, separation and examination. 
Setting the target microbial addition level in the quantitative plan shall take into account the limit requirements in the standard. If necessary, consider using the same or similar matrix.
4.4.3 Homogeneity and stability
4.4.3.1 The principle of homogeneity and stability determination shall be established for the quantitative and qualitative proficiency testing samples (annex A).
——Quantitative plan: The homogeneity and stability assessment shall be carried out by means of appropriate assessment method according to the microbial level in the sample. Homogeneity assessment can be evaluated based on the variation between samples and the variation within the sample under repetitive conditions. 
——Qualitative plan: When applicable, the target microorganism and background flora count are used to evaluate homogeneity and stability.
4.4.3.4 The stability assessment shall be carried out for the microbial proficiency testing samples. If necessary, stability shall be quantified and can be considered as the supplementary component of measurement uncertainty of the assigned value of the proficiency testing sample, which shall be taken into account in the proficiency assessment. Stability assessment shall take into account the stability during storage and transport:
——Storage stability assessment. The stability period shall be from the sample preparation to the specified test date or test period. Samples stored at low temperatures (e.g. -70℃, -18℃, 4 ℃) shall be regularly verified during storage. The test interval and frequency depend on the known stability information and the required stabilization time.
——Assessment of transport stability. The stability of the sample during transport shall be ensured. Stability tests can be carried out by simulating transport conditions or by using accelerated tests. The stability of transport conditions in harsh transport conditions or at extreme temperatures shall be taken into account. If necessary, place a temperature recorder in each sample box to record the temperature change of the sample during transport.
4.4.4 Statistical design
4.4.4.3 Statistical design program can include the following:
4.4.4.3 a) Statistical design shall take into account the level and distribution of microorganisms, also the number of participants and the differences that may exist in different test methods.
Note 1: Providers that have carried out multiple rounds of quantitative microbial proficiency testing schemes can use empirical values as the proficiency assessment criterion deviation to evaluate participants’ proficiency. 

Note 2: Usually the most probable number (MPN) count method and the plate colony count method have different repeatability. In the same quantitative plan, if the repetitive differences between the two methods greatly affect the proficiency assessment, it is necessary to consider separate statistical evaluation. Even with the same standard method, the following factors can also affect counting results: resuscitation methods, plate technology (such as pour plate and helical sample input), media, culture temperature, etc.
Note 3: The qualitative microbial proficiency testing scheme usually compares the participants’ results directly with the assigned values. Both with the same proficiency evaluation are considered satisfactory and unsatisfactory if different.
4.4.4.3 e) Procedures for determining standard deviations in proficiency assessment (standard deviation, standardized interquartile range, empirical value, precision given in the method or statistical results obtained from prior proficiency testing etc.) or other assessment criteria;
4.4.5 Assigned value
4.4.5.1 The provider shall document the procedures for determining the assigned value (mean, median, robust average, etc.) for the qualitative and quantitative plan of microorganisms, including the reasons for the determination.
4.5 Selection of method or procedures
4.5.2 If participants are allowed to use the method of their choice, the proficiency testing provider shall:
a) Where applicable, formulate the policy and compare the results obtained by methods of different principles according to the procedure.
4.6 Operation of the proficiency testing scheme
4.6.1 Guidance to participants
4.6.1.2 b) The guidance to participants shall include the following: the mode of addition (contamination) of microorganisms, the proficiency testing sample matrix type and its main components. If the sample matrix contains components that inhibit microbial resuscitation (certain matrix materials can combine and retain cells, such as lipid materials), or has bactericidal or bacteriostatic properties, it shall be described in the guidance. 
4.6.1.2 d) For pathogenic microbial proficiency testing schemes, providers shall have a documented policy that informs participants of risks and ensures that relevant safety recommendations are given. 
4.6.3 Packaging, labelling and distribution of proficiency testing samples.
4.6.3.1 Providers shall control the packaging of microbial samples to ensure compliance with national, regional or international safety and transport requirements, such as compliance with the Measures for the Management of Biosafety Environment of Pathogenic Microorganisms Laboratory and the aviation requirements of the International Air Transport Association (IATA). 
4.7 Data analysis and evaluation of proficiency testing scheme results
4.8 Reporting
4.9 Communication with participants
4.10 Confidentiality
5 Management requirements
5.1 Organization
5.1.2 The proficiency testing providers involved in pathogenic microorganisms shall conform to the relevant national, industry and local biosafety standards and regulations, etc.
5.1.5 h) Proficiency testing providers involved in pathogenic microorganisms shall appoint a person responsible for biosafety and a biosafety supervisor to take responsibility for biosafety.
5.2 Management system
5.2.1 Where applicable, proficiency testing providers shall establish pathogenic microbial safety rules and regulations to ensure biosafety.
5.3 Document control
5.3.2.2 Where applicable, the document control procedure shall include the management of on-site documents based on the safety considerations for pathogenic microorganisms. 
5.4 Review of requests, tenders and contracts
5.5 Subcontracting service
5.5.1 The subcontractors shall also meet the requirements of this application guidance. If the microbial sample preparation is subcontracted, the subcontractor shall provide a detailed record of the sample preparation, see the proficiency testing sample preparation process record of 4.4.2.2. The strains used to prepare the samples are subject to the purchasing of services and supplies in clause 5.6.
5.6 Purchasing of services and supplies
5.6.2 The purchase and acceptance of strains shall meet the following requirements:
——The strains preserved by qualified strain preservation agencies are usually selected for the target microorganism and examined and confirmed wild strains may also be used according to the purpose of the proficiency testing. 
——The characteristics of the target microorganism shall be confirmed before use and shall be confirmed by use of appropriate standard test methods (such as ISO standards, GB or industry standards) in accordance with the objectives of the proficiency testing. When wild strains are used, their taxonomic status shall also be examined.
——The properties of any strain used to simulate the background flora shall also be examined and confirmed.
5.7 Service to customers
5.7.1 When the customer has questions about the homogeneity and stability of the microbial proficiency testing sample, the provider shall actively cooperate with the customer. Where necessary, materials (including materials that need be provided by subcontractors, etc.) as detailed as possible shall be provided.
5.8 Complaint and appeal
5.9 Control of nonconforming work
5.10 Improvement
5.11 Corrective action
5.12 Preventive action
5.13 Control of records
5.13.1.2 Where applicable, the record control procedure shall include the management of quality/technical records based on the safety considerations of pathogenic microorganisms.
5.14 Internal audit
5.14.1 Where applicable, internal audits shall cover the content of the safety of the pathogenic microorganisms of the proficiency testing provider.
5.15 Management review
5.15.1 Where applicable, the review shall take into account the implementation of biosafety rules and regulations.
Annex A (informative annex)

Homogeneity and stability test
A.1 Quantitative plan
A.1.1 homogeneity test
10 or more samples are usually randomly selected from the microbial proficiency testing sample population for homogeneity testing, and each sample is tested at least two times under repeated conditions. The test data is converted to a logarithm with a value of 10 at the bottom for homogeneity evaluation.
When the microbial levels are high, single-factor variance analysis and 
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for proficiency assessment standard deviation) can be used for evaluation (GB/T 28043). When a new proficiency testing scheme is carried out, 
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is usually unknown. The homogeneity of the sample can be evaluated preliminarily by use of single factor variance analysis. It is usually necessary to re-use 
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is obtained after the participants’ results return. If 
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When the microbial level is low, the difference in microbial count between samples may be large and may not meet the 
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 requirements. In the subsequent evaluation of participants’ proficiency, including the difference between samples into the proficiency assessment standard deviation can be considered. When microbial levels are very low (e.g.10 
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), it is usually inappropriate to distribute them as quantitative proficiency testing samples.
A.1.1.1 Single factor variance analysis
To test the homogeneity of the sample, extract 
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=0.05）, it means there is no significant difference within the sample and between samples, the sample is homogenous. 
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	8
	9
	10
	11
	12
	13
	14
	15
	16
	17
	18
	19
	20

	9
	3.23
	3.18
	3.14
	3.10
	3.07
	3.05
	3.03
	3.01
	2.99
	2.97
	2.96
	2.95
	2.94

	10
	3.07
	3.02
	2.98
	2.94
	2.91
	2.89
	2.86
	2.85
	2.83
	2.81
	2.80
	2.79
	2.77

	11
	2.95
	2.90
	2.85
	2.82
	2.79
	2.76
	2.74
	2.72
	2.70
	2.69
	2.67
	2.66
	2.65

	12
	2.85
	2.80
	2.75
	2.72
	2.69
	2.66
	2.64
	2.62
	2.60
	2.58
	2.57
	2.56
	2.54

	13
	2.77
	2.71
	2.67
	2.63
	2.60
	2.58
	2.55
	2.53
	2.51
	2.50
	2.48
	2.47
	2.46

	14
	2.70
	2.65
	2.60
	2.57
	2.53
	2.51
	2.48
	2.46
	2.44
	2.43
	2.41
	2.40
	2.39

	15
	2.64
	2.59
	2.54
	2.51
	2.48
	2.45
	2.42
	2.40
	2.38
	2.37
	2.35
	2.34
	2.33

	16
	2.59
	2.54
	2.49
	2.46
	2.42
	2.40
	2.37
	2.35
	2.33
	2.32
	2.30
	2.29
	2.28

	17
	2.55
	2.49
	2.45
	2.41
	2.38
	2.35
	2.33
	2.31
	2.29
	2.27
	2.26
	2.24
	2.23

	18
	2.51
	2.46
	2.41
	2.37
	2.34
	2.31
	2.29
	2.27
	2.25
	2.23
	2.22
	2.20
	2.19

	19
	2.48
	2.42
	2.38
	2.34
	2.31
	2.28
	2.26
	2.23
	2.21
	2.20
	2.18
	2.17
	2.16

	20
	2.45
	2.39
	2.35
	2.31
	2.28
	2.25
	2.23
	2.20
	2.18
	2.17
	2.15
	2.14
	2.12


（From GB 4086.4-1983 Tables for statistical distributions--F-distribution）
A.1.1.2  
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Randomly take (
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) samples from the samples prepared for the proficiency testing scheme, every sample is tested under repeated conditions for 
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If number of repeated tests of each sample is 
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times, calculate the non-homogeneity standard deviation
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In the formula:
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, the used sample may be deemed as homogeneous. 
A.1.2 Stability test
A stability test of a sufficiently representative sample is usually randomly selected from the microbial proficiency testing sample population, and each sample is tested at least two times under repeated conditions. The test data is converted to a logarithm with a value of 10 at the bottom for stability evaluation.
A.1.2.1 t test method
Calculate
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 value according to the formula below:
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In the formula:   
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—average of the first test data;
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—average of the second test data;

[image: image59.wmf]1

s

—standard deviation of the first test data;
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—standard deviation of the second test data;
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—number of first tests；


[image: image62.wmf]2

n

—number of second tests.
Note: to ensure the accuracy of the average and the standard deviation, the average of
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, there is no significant difference between the 2 averages, it means the sample is stable. 
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  （one-tailed test）
	freedom
	10
	11
	12
	13
	14
	15
	16
	17
	18
	19

	Critical value
	2.2281
	2.2010
	2.1788
	2.1604
	2.1448
	2.1315
	2.1199
	2.1098
	2.1009
	2.0930

	freedom
	20
	21
	22
	23
	24
	25
	26
	27
	28
	29

	Critical value
	2.0860
	2.0796
	2.0739
	2.0687
	2.0639
	2.0595
	2.0555
	2.0518
	2.0484
	2.0452

	freedom
	30
	31
	32
	33
	34
	35
	36
	37
	38
	39

	Critical value
	2.0423
	2.0395
	2.0369
	2.0345
	2.0322
	2.0301
	2.0281
	2.0262
	2.0244
	2.0227


(From GB 4086.3-1983 Tables for statistical distributions--T-distribution)
A.1.2.2  
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is established, it is believed that the sample is stable.
In the formula:
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—total average of homogeneity test
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—test average of stability test.
 Note: sampling number ≥3, separate sampling each time. The test method is the same as that of homogeneity test.
 A.2 Qualitative plan
For the homogeneity and stability test of the qualitative plan samples, the sampling and testing procedures are basically the same as the quantitative plan, usually to verify whether the test results are consistent with the assigned values at the time of sample preparation. If consistent, the sample can be determined as meeting the requirements. If not, the sample can be determined as not meeting the requirements. It is necessary to verify the causes or prepare the samples again. In addition, the evaluation criteria of the above quantitative plan can also be used to carry out the homogeneity and stability assessment by use of the target microorganism and background flora count.
Annex B (informative annex)

Statistical analysis and proficiency assessment
B.1 Determination of the assigned value and proficiency assessment standard deviation
For microbial quantification plans, the most common method for determining the assigned value is to use the participants’ consensus value, given by the robust average or median value of all participants’ results. There are a number of methods for determining the standard deviation of proficiency assessment, such as standard deviations, standardized interquartile range, empirical values, or statistical results obtained from previous proficiency testing.
For a qualitative plan, the assigned value is usually determined by the proficiency testing provider at the time of sample preparation. Consistency between the participants’ results and assigned values (positive/negative) is regarded as satisfactory, and inconsistency is unsatisfactory.
B.2 Proficiency assessment
In quantitative plans with high microbial levels, participants’ results are usually in logarithmic normal distribution or approximate logarithmic normal distribution. After the participants’ results are converted into logarithmic values with 10 the bottom, the participants’ proficiency can be assessed by calculation of the statistics: 
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 value), median value ±0.5.

If the participants use the MPN counting method, the difference with the plate counting method shall be considered, and the empirical value can be used to evaluate the proficiency.

When the microbial level in the sample is low, if the participants’ results (after logarithmic conversion) present a non-normal distribution, the proficiency of the participants shall be carefully assessed.
B.2.1 Use 
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 value for assessment
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 value is the specific value of the differential between the participants’ results and the assigned value to the proficiency assessment standard deviation 
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. The absolute value of this value indicates the degree of deviation of the participants’ results from the assigned value. “＋” and “－” of 
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indicates the direction of deviation. The formula of 
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value is as follows:
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 is the participants’ results, 
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 the assigned value, 
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 standard deviation of proficiency assessment. 
The criteria of using Z value for assessment is as follows: 
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B.2.2  Using critical value（
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value）for assessment
When the test method used by the participants has reliable repeatability limit 
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and reproducibility limit
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, the 
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 value can be calculated according to the formula below based on GB/T 6379:
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 between the average value 
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of 
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 times of tests conducted by the participant under repeated conditions and the assigned value
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 is smaller than the critical value
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, the participant’s result is satisfactory, otherwise it is unsatisfactory.
Note: When the repeatability limit is 
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is the standard deviation of the repeatability of the test method and 
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 is the standard deviation of the reproducibility of the test method. According to ISO 4833, for the colony count on solid medium for conventional 30 ℃ aerobic culture, the repeatability limit of its method 
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 is 0.25, the reproducibility limit 
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is 0.45, the calculated 
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 value is about 0.29.
B.2.3 Use the median value±0.5 for assessment
In general, microbiological laboratory quality control requires a repeat count of no more than 0.5 logarithmic units. Meeting this requirement indicates good quality control. When the participant uses plate colony counting method, the 95% confidence interval around the average colony count value usually does not exceed the ±0.5 logarithmic unit. This quality control standard is introduced into the statistical evaluation of quantitative microbial proficiency testing, and the participant’s results can be considered satisfactory results within the range of logarithmic median value ±0.5 (ISO/TS 22117). The proficiency assessment criteria are as follows:
——The result does not exceed the ±0.5 range of the logarithmic median value: satisfactory
——The result falls outside the ±0.5 range of the logarithmic median value: unsatisfactory 
B.2.4 Assessment of the results of MPN counting method
If the participant uses an MPN counting method, the repeatability of the MPN method shall be considered for the evaluation of its results. Empirical data shows that: for the 3x3 tube method, the standard deviation of the MPN result logarithmic value is about 0.32, and for the 3x5 tube method, the standard deviation of the MPN result logarithmic value is about is about 0.24. 
Ideally, 95% of the results will fall within ±2
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 of the assigned value, while more than 99% of the results will fall within ±3
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 of the assigned value, with
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being standard deviation. However, there are still inter-laboratory variations in practice. A large number of analytical data show that the variance can be amplified to about 2.5 times (and thus the standard deviation is amplified by 1.58 times). So the acceptance limit for participant’s MPN count results shall be increased to ±3
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and ±5
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(ISO/TS 22117). The acceptance limit for the MPN logarithmic value is shown in table 3.
Table 3 MPN Logarithmic acceptance limit
	Acceptance limits
	3×3 tube method
	3×5 tube method

	±3
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	±0.96
	±0.72

	±5
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	±1.60
	±1.20


The criteria for assessment of the results of MPN count method is as follows:
——Within the range of assigned value ±3
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 (including boundary): satisfactory
——Within the range of assigned value ±3
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 and assigned value ±5
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 (excluding boundary): in doubt
——outside the range of assigned value ±5
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 (including boundary): unsatisfactory
Note: With the gradual proficiency of the participants in the MPN counting method and the improvement of the overall level of the participants, the variation between the participants’ MPN count values will gradually decrease, approaching the variation of the method itself. The MPN logarithmic acceptance limit for evaluating the participant’s results can be reduced according to the actual situation. For instance, Public Health England, after the operation of many rounds of proficiency testing schemes in two years, reduces the acceptance limit of the participants’ MPN logarithmic value to ±2.68
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and ±4
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 respectively.
Annex C (informative annex)

Examples of statistical analysis of microbiological proficiency testing
Take as an example the proficiency testing of the determination of the total number of colonies in a milk powder. The test method used by the participants was the ISO 4833 colony counting method.
C.1 Homogeneity test
The proficiency testing samples (freeze-dried powder) were randomly selected after sub-packing, each of the 10 selected samples went through 2 repeated tests, the results are shown in table 4.
Table 4  Test results of total bacterial count （
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）
	   No. of tests
Sample No
	Test result
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	Test result
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 Logarithmic conversion value
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 Logarithmic conversion value

	1
	50000
	42000
	4.699 
	4.623 

	2
	53000
	51000
	4.724 
	4.708 

	3
	60000
	54000
	4.778 
	4.732 

	4
	47000
	40000
	4.672 
	4.602 

	5
	50000
	56000
	4.699 
	4.748 

	6
	43000
	51000
	4.633 
	4.708 

	7
	45000
	48000
	4.653 
	4.681 

	8
	46000
	52000
	4.663 
	4.716 

	9
	48000
	47000
	4.681 
	4.672 

	10
	43000
	50000
	4.699 
	4.623 

	Total average
	
	4.685


Single factor variance analysis results in Table 5.
Table 5 Variance analysis results
	Source of variance
	Degree of freedom
	Quadratic sum
	Mean square
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	Between samples
	9
	0.023
	0.0025
	1.67

	Within sample
	10
	0.015
	0.0015
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critical value
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=3.02. The calculated 
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value is 1.67, this value＜critical value, this preliminarily shows that at 0.05 significance level, the distribution of bacteria in the sample is homogeneous. 
A.1.1.2  
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criteria can also be used, the calculated inhomogeneity standard deviation between samples is 
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0.022. With empirical value 0.25 as the proficiency assessment standard deviation, 
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is 0.075, meeting the requirements of 
[image: image137.wmf]0.3

Ss

s

£

 criteria, the bacteria distribution in the sample can be judged ad homogeneous.     
C.2 Stability test
5 bottles were randomly selected from the overall samples for stability test, and their homogeneity test data were used as the first test data of stability test. The sample placed in the simulated transport conditions for 30 days went through the second test. Each sample is tested two times under repeated conditions. The test results are shown in table 6.
Table 6 Test result after 30 days under simulated transportation conditions (
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)
	Sample number
	Test result

	
	First time
	Second time
	First logarithm
	Second logarithm

	1
	42000
	44000
	4.623
	4.643

	2
	48000
	50000
	4.681
	4.699

	3
	45000
	50000
	4.653
	4.699

	4
	51000
	49000
	4.708
	4.690

	5
	56000
	53000
	4.748
	4.724


Statistical analysis results are in Table 7.
Table 7 
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 test analysis results
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	4.685
	4.687
	0.045
	0.038
	20
	10
	0.12


At 0.05 significance level, freedom is 28, its critical value 
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 is 2.05. 
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 value is 0.12 based on A.1.2.1 formula, which is smaller than the critical value. There is no significant difference between the second test value with the first test value, meaning that the bacteria in the sample are stable and survived. 
A.1.2.2  
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criteria can also be used, the difference of the total mean of homogeneity test and stability test is 
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 0.002. With the empirical value 0.25 as the proficiency assessment standard deviation, 
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为0.075，meeting the requirements of 
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 criteria, the bacteria in the sample can be judged as stable and survived.
C.3 Result statistics and proficiency assessment
Altogether 25 participating laboratories submitted test results, the result and proficiency assessment of the participants are in Table 8. 
Table 8 Result and proficiency assessment of the participants
	Laboratory code
	Result 
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	Logarithmic conversion value
	Z value
	Use 
[image: image154.wmf]CD

 value 
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＜0.29
	Logarithmic median ±0.5 rule

	1
	71000
	4.851
	1.45
	Satisfactory
	Satisfactory

	2
	55000
	4.740
	0.64
	Satisfactory
	Satisfactory

	3
	42000
	4.623
	-0.22
	Satisfactory
	Satisfactory

	4
	180000
	5.255
	4.39§
	Unsatisfactory
	Unsatisfactory

	5
	43000
	4.633
	-0.15
	Satisfactory
	Satisfactory

	6
	28000
	4.447
	-1.50
	Satisfactory
	Satisfactory

	7
	41000
	4.613
	-0.29
	Satisfactory
	Satisfactory

	8
	50000
	4.699
	0.34
	Satisfactory
	Satisfactory

	9
	31000
	4.491
	-1.18
	Satisfactory
	Satisfactory

	10
	52000
	4.716
	0.46
	Satisfactory
	Satisfactory

	11
	54100
	4.733
	0.58
	Satisfactory
	Satisfactory

	12
	17500
	4.243
	-2.99*
	Unsatisfactory
	Satisfactory

	13
	47500
	4.677
	0.18
	Satisfactory
	Satisfactory

	14
	49500
	4.695
	0.31
	Satisfactory
	Satisfactory

	15
	45000
	4.653
	0
	Satisfactory
	Satisfactory

	16
	39000
	4.591
	-0.45
	Satisfactory
	Satisfactory

	17
	33000
	4.519
	-0.98
	Satisfactory
	Satisfactory

	18
	22000
	4.342
	-2.27 *
	Satisfactory
	Satisfactory

	19
	65000
	4.813
	1.17
	Satisfactory
	Satisfactory

	20
	20000
	4.301
	-2.57 *
	Unsatisfactory
	Satisfactory

	21
	50000
	4.699
	0.34
	Satisfactory
	Satisfactory

	22
	34000
	4.531
	-0.89
	Satisfactory
	Satisfactory

	23
	45000
	4.653
	0
	Satisfactory
	Satisfactory

	24
	35000
	4.544
	-0.80
	Satisfactory
	Satisfactory

	25
	70000
	4.845
	1.40
	Satisfactory
	Satisfactory


In the table, * means doubtful result, § means unsatisfactory result.
The participant’s results went through logarithmic conversion, with the median value being the assigned value
[image: image156.wmf]X

, the standardized interquartile range being the proficiency assessment standard deviation 
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, the calculated assigned value 
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is 4.653, and the proficiency assessment standard deviation is 0.137.
According to the purpose of proficiency testing, reasonable statistical methods (such as those listed in B.2) are used to evaluate the results of participants. The B.2.1 formula can be used to calculate the 
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 value and assess whether the participants’ results are satisfactory. Or critical value（
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 value）is used to assess the participants’ results. When the participant tests twice under repeated conditions and 
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 is 2, the 
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value is 0.29. The logarithmic median value ±0.5 rules can also be used for assessment. The assessment results of three proficiency assessment methods were slightly different. 
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