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CNAS-CL07-A001
Guidance on the application of accreditation

criteria for medical reference laboratories in the

field of clinical enzymology reference

measurement
 China National Accreditation Service for Conformity Assessment 
Foreword
Laboratories applying for CNAS accreditation of reference measurement laboratories shall satisfy the requirements of CNAS-CL01:2006 “Accreditation Criteria for the Competence of Testing and Calibration Laboratories” and CNAS-CL07 “Specific Accreditation Requirements for Reference Measurement Laboratories in Laboratory Medicine”.
This document is a further explanation of CNAS-CL01 and CNAS-CL07 based on the characteristics of reference measurement laboratories in the field of enzymology and shall be used together with CNAS-CL01 and CNAS-CL07. In terms of structural arrangement, this document adopts the clause number and titles in CNAS-CL01:2006. For easy use, the Document shows in the main text the clause number and titles above (and including) Level 2 while the clause numbers below Level 2 are discontinuous. As long as applicable, the requirements of the respective clauses in CNAS-CL01 shall be implemented where no explanations or clauses are included in the Document.

The concept of “reference measurement” is usually used in the field of clinical enzymology. Therefore, “reference measurement” instead of “calibration” is generally used in this Document (except in reference to clauses from CNAS-CL01). In addition, unless otherwise noted, “reference material / standard material / standard sample” are in general referred to as “reference material” in this Document.
4 annexes are added to the Document, including Annex A --- “Requirements of Metrological Performance of Key Equipment of Reference Measurement Laboratories in the Field of Clinical Enzymology”, Annex B --- “Guidance on the Assessment of Measurement Uncertainty of Reference Measurement Laboratories in the Field of Clinical Enzymology”, Annex C --- “Technical Documents for Reference by Laboratories in the Field of Clinical Enzymology”, and Annex D --- “Correlation between this Document and CNAS-CL07 and CNAS-CL01”. Annex A is a normative annex while Annexes B, C and D are informative annexes.
This edition replaces CNAS-CL33:2011.
This is a revised version, compared to CNAS-CL33:2011, this edition only revised the document number.
Guidance on the application of accreditation criteria for medical reference laboratories in the field of clinical enzymology reference measurement
1 Scope 
This document gives the specific requirements for clinical enzymology reference measurement laboratories in laboratory medicine. Examinations of properties with results reported on a nominal or ordinal scale are not included. This document is not applicable to routine medical laboratories.
2 Normative references
The following referenced documents are indispensable for the application 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.

CNAS-CL07 Specific Accreditation Requirements for Reference Measurement Laboratories in Laboratory Medicine（ISO 15195:2003，IDT）
GB 19781 Medical laboratories-requirements for safety (ISO15190, IDT)

GB/T 19702  --- In vitro diagnostic medical devices — Measurement of quantities in samples of biological origin — Presentation of reference measurement procedures（ISO 15193，IDT）
GB/T 21415 --- In vitro diagnostic medical devices — Measurement of quantities in biological samples — Metrological traceability of values assigned to calibrators and control materials（ISO 17511，IDT）
YY/T0638 --- In vitro diagnostic medical devices — Measurement of quantities in biological samples — Metrological traceability of assigned values for catalytic concentration of enzymes in calibrators and control materials（ISO 18153，IDT）
1 Terms and definitions
1.1 Reference measurement laboratories for clinical enzymology
Laboratories intending to provide metrological services in the field of clinical enzymology, implementing reference measurement procedures and providing results of stated measurement uncertainty.
Note 1: Clinical enzymology refers to enzymology taking human clinical medicine as the target of application.

Note 2: This is an additional definition with reference to the definition of “Reference Measurement Laboratory (ISO15195 3.6).

4 Management requirements
4.1 Organization
4.2 Management system
4.2.5 The laboratory shall establish and maintain a quality management system documented in a quality manual. This shall describe the objectives, the quality policies, and quality control programmes which enable the laboratory to assure the quality of its reference measurement results.

The contents of the quality manual shall be available to and implemented by the personnel of the laboratory as appropriate and shall at least consist of the following elements:

a) an introduction;

b) a description of the legal identity of the laboratory;

c) a quality policy;

d) an organizational chart, identifying the laboratory within the organization;

e) a description of the within-laboratory organization and distribution of responsibilities of the director and the staff of the laboratory;

f) a description of the premises, services and any environmental control of the laboratory;

g) all safety requirements;

h) a listing of reference materials used;

i) a description of the major equipment of the laboratory and its maintenance and validation procedures;

j) a listing of the quantities for which the laboratory offers reference measurements;

k) documentation in accordance with the requirements of ISO 15193 of reference measurement procedures applied by the laboratory;

l) a description of the internal quality control and inter-laboratory quality assessment procedures;

m) 
a statement of the metrological services provided by the laboratory;

n) policies and procedures to avoid involvement in any activities that might diminish confidence in its competence, impartiality, judgment, or operational integrity;

o) procedures to be followed for feedback, corrective action, and reporting whenever non-conformity or error is detected;

p) policies and procedures for addressing deviations from approved measurement procedures;

q) procedures for dealing with complaints and for recording resulting actions;

r) procedures for protecting the confidentiality and proprietary rights of a customer;

s) procedures for internal audit and management review;

t) a procedure for control and maintenance of documentation;

u) compliance with requirements of regulatory authorities;

v) a statement concerning any accreditation status and accreditation body;

w) a procedure to be followed for signature of certificates.

4.3 Document control
4.4 Review of requests, tenders and contracts
4.5 Subcontracting of tests and calibrations
4.6 Purchasing services and supplies
4.7 Service to the customer
4.8 Complaints
4.9 Control of non-conforming testing and / or calibration work
4.10 Improvement
4.11 Corrective action

4.12 Preventive action
4.13 Control of records
4.14 Internal audits
4.15 Management reviews
5 Technical requirements
5.1 General
The laboratory shall establish work logs to record important technical activities related to reference measurement.
5.2 Personnel
5.2.1 The authorized signatory of enzymology reference measurement reports shall at least have a master’s degree or senior technical title and calibration work experiences of 5 years or more in the relevant disciplines (such as laboratory medicine, biochemistry, medicine, metrology, etc.) and be familiar with the relevant laws and technical documents (as shown in Annex C).

Key measurement personnel shall at least have background of college education in relevant disciplines (such as laboratory medicine, biochemistry, pharmacology, public health, medicine, etc.) and work experience in enzymology reference measurement of 3 years of more.

5.2.2 The laboratory management shall formulate the goals with respect to the education, training and skills of the laboratory personnel. The laboratory shall have a policy and procedures for identifying training needs and providing training of personnel. The laboratory personnel shall receive education and training of the relevant reference methods and procedures and have experience of training in enzymology; are knowledgeable about programmes and procedures for assigning values to reference materials (calibrators or quality control materials) as well as methods for calculation of measurement uncertainty; and receive training on biological and chemical safety and protection. The laboratory shall have corresponding training records as well as specific measures and records of evaluation on the effectiveness of these training activities.
5.2.4 The laboratory shall maintain technical files of laboratory personnel (including contracted personnel) related to the quality of metrological service it provides, including records of the relevant authorization(s), competence, educational and professional qualifications, training, skills and experience of all technical personnel (including contracted personnel). This information shall include the date on which authorization and/or competence is confirmed. The laboratory shall:

a) Provide training, both internal and external, to and evaluate the competence of the technical personnel on a periodical basis;
b) Provide training to and evaluate the competence of personnel to be mobilized and re-mobilized (after demobilized from reference measurement work for more than 3 months);
c) Ensure that the operators are fully engaged in enzymological reference measurement work and keep the stability of the laboratory staff.
5.3 Accommodation and environmental conditions
5.3.1. The impacts generated by environmental conditions on the measurement results and their uncertainty shall be evaluated on a periodical basis and evaluation reports shall be generated. Environmental parameters needing to be controlled shall be monitored on a periodical basis and recorded. The laboratory shall at least monitor the following parameters and have corresponding out-of-control actions and relevant records, including:

a) The laboratory temperature shall be controlled within a range of 20 to 30℃ during the test while the humidity shall be controlled within a range of 20% to 80%; the location of the hygrothermograph shall be representative;
b) Temperature inside the key refrigerators shall be monitored and recorded on a daily basis;

c) The laboratory shall take effective protective measures for measurements sensitive to light;

d) Intensity of vibration and magnetic field inside the laboratory (on the laboratory table) shall comply with the requirements of enzymological reference measurement; the vibration shall not be greater than the permitted range of the instruments while the leakage flux density shall be ≤3mT;

e) The laboratory shall have data of air pressure changes of its premises and access to public information;

f) The laboratory shall be familiar with the stability and reliability of power supply of key equipment and, where necessary, provide UPS;

g) Where needed, indoor air cleanliness shall be controlled.
5.3.2 The laboratory shall develop and implement laboratory safety management requirements on the basis of risk evaluation and provide necessary safety protection facilities and equipment (e.g. emergency shower and eye wash, smoke alarms, biosafety cabinets, ventilation cabinets, negative pressure booth, personal protective equipment, etc).

The laboratory shall have procedures and emergency actions for safe treatment and disposal of toxic and hazardous substances. Sodium azide, thimerosal, 2-Mercaptoethanol and hazardous materials of biological origins shall be purchased, used, stored, destroyed and recorded according to the requirements of the national laws and standards. Where applicable, the laboratory shall have storage equipment and safety protection measures complying with the respective requirements.
5.3.3 Enzymological reference measurements shall be conducted in independent laboratory rooms.
5.3.4. Measures shall be available for control of access by unrelated visitors during the measurement process.

5.3.5 The laboratory shall have well-defined housekeeping management requirements, procedures and programmes to ensure that the laboratory is clean and tidy. Warning, direction, caution signs complying with the national requirements shall be available at positions where needed.
5.4 Test and calibration methods and method validation

5.4.2 Selection of methods

The laboratory shall use reference methods approved by JCTLM and / or the national authority (e.g. ALT, AST, CK, LDH, GGT and AMY methods issued by IFCC for measurement of enzyme activity concentration) to provide relevant reference measurement service; where applicable, terms, definitions and presentations recommended in the documents cited in this document (as shown in Clause 2 under this document) and the relevant documents in Annex C shall be used.
a) The laboratory shall have the original documents of the relevant reference methods and confirm that the laboratory personnel correctly understand the requirements of the relevant documents;

b) The laboratory shall present the reference measurement procedure according to the requirements of ISO15193;

c) The laboratory shall develop and implement the standard operation procedures (SOP) of the relevant reference measurement procedure.

5.4.5 Validation of methods

5.4.5.1 The laboratory shall provide test data and documented evidences to demonstrate that the selected method fulfills the expected performance requirements.
5.4.5.3 Tests for validation of clinical enzymology reference measurement procedure shall at least cover:

a) Relationship between temperature change and enzyme activity;

b) Relationship between pH value change and enzyme activity;

c) Relationship between wave length change and enzyme activity;

d) Impacts of reagent mass fraction;

e) Substrate-rate linearity (if applicable);

f) Linearity of spectrophotometer;

g) Time of incubation, measurement and delay.

In addition, the laboratory shall control and provide the following performance data related to measurement and their changes during implementation of the measurement process:

a) Light absorption value;

b) Wave length, light path (cuvette), stray light;

c) Temperature (in the cuvette);

d) Noise and baseline of spectrophotometer;

e) Metrological level of the thermometer;

f) Metrological level of pH meter;

g) Metrological level of scale;

h) Metrological level of liquid separation utensils.

5.4.6 Estimation of uncertainty of measurement

5.4.6.1 The laboratory shall develop and implement procedures for estimation of uncertainty based on the principles of GUM and QUARM documents and also referring to Annex B.,

5.4.6.2 The results of measurement of enzymological reference materials conducted based on the requirements of measurement transfer and the existing level of measurement in the IFCC reference method shall statistically reach a level of zero difference, i.e. |En|≤1，
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5.5 Equipment
5.5.2 The laboratory shall be equipped with all items of equipment required for the correct performance of its listed reference measurement procedures. Metrological performance requirements for the key measurement and testing equipment are shown in Annex A.

For the basic quantities (such as length, mass, volume, and temperature), the laboratories shall use devices calibrated by the national metrological authority at specified intervals traceable to SI unit, including:
a) Spectrophotometer;

b) Cuvette light path;

c) Thermometer;

d) Balance;

e) Liquid separation utensils.

The laboratory shall establish internal calibration procedures for unstable equipment or parameters. Prior to each formal test, the laboratory shall calibrate the unstable equipment or parameter. The laboratory shall at least have the following certified metrological devices complying with the intended use for the purpose of internal calibration:

a) Weight;

b) Mercury thermometer;

c) Volumetric apparatus;

d) Timing apparatus;

e) Standard light absorption materials;

f) Standard buffer.

The level of uncertainty or metrological level of the aforesaid measurement equipment and devices used for internal calibration shall comply with the technical requirements of reference measurement.

Where relevant, impacts on precise measurement caused by ambient temperature, humidity, atmospheric pressure, light, vibration, magnetic field, radiation, etc. shall be considered, evaluated and recorded and corresponding actions shall be taken.
a) 5.5.4 Each item shall be uniquely identified. The use and maintenance of each major item of equipment shall be recorded in a log that at least contains:

b)  the type of measurement, control, or maintenance procedure performed;

c)  the status of calibration and verification;

d)  the date of measurement or maintenance;

e)  the operator who performed measurement or maintenance;

f)  reasons for maintenance (prevention, or malfunction repair);

g)  where relevant, specific operating conditions;

h)  unusual observations which shall require investigations where necessary.
5.5.13 The laboratory shall establish a procedure for preparation of solutions, including procedure for their preparation, calibration, verification, expiry date and identification, and maintain detailed records of preparation.
5.5.14 The laboratory reagents shall have identification, which, when appropriate and needed, shall at least consider and include the following information:
a) Description of solution;

b) Content (concentration, titer, activity, etc.);

c) Requirements of storage;

d) Date of preparation or dissolution;

e) Period of validity;
f) Preparation personnel;

g) Date of receipt;

h) Date of unpacking;

i) Unpacking personnel;

j) Safety warning / signs.

5.6 Metrological traceability
5.6.1 General
Reference measurement laboratories shall demonstrate that their measurement results are traceable to a reference material or reference measurement procedure of highest metrological order by an unbroken chain of comparisons as specified in ISO 17511 and ISO 18153. Each reported measurement result shall be accompanied by an uncertainty statement.
All equipment used for reference measurements, including equipment for subsidiary measurements (e.g. for environmental conditions) having a significant effect on the result of measurement, shall not be put into service until it is assured that they meet the expected performance requirements. The laboratory shall identify equipment requiring calibration (including internal calibration) and have an established procedure and annual plan for equipment calibration.
5.6.2.1.2 The laboratory shall use reference materials issued by JCTLM and national authority. Before providing services to customers, the laboratory shall participate in internationally recognized inter-laboratory comparisons in the network of reference measurement laboratories (e.g. RELA programme of IFCC), and, where appropriate, participate in inter-laboratory comparisons specified by the national authority (including measurement review activities); the minimum frequency of participation in such comparisons shall be once a year.
5.6.2.2 The laboratory shall simultaneously measure certified reference materials of equivalent metrological order (e.g. ERm, JCERM, NIST or national reference materials, etc.) while providing reference measurement services (e.g. assigning values to international or national reference materials or candidate reference materials) and keep detailed records and original measurement data. The laboratory assigning values to reference materials or conducting inter-laboratory comparison sample measurement shall develop plans and implementation programmes of value assignment or measurement and keep detailed records.

5.6.2.2.1 When reporting measurement results and their uncertainty, a reasonable number of valid digits shall be maintained. In most cases, expression of uncertainty requires no more than two valid digits. When estimating and integrating uncertainty component, at least three valid digits are needed in order to minimize the approximation error of digits,.

5.6.3 Reference materials

A laboratory shall:

a) use appropriate certified reference materials;
b) not use the same reference material both as calibration material and control material;

c) prepare, use and store the reference material according to the instructions of the certificate;

d) consider factors at least including:

· Conditions of storage and stability required at the time of receipt and unpacking of reference materials;

· Identification;

· Container opening;

· Sample preparation, e.g. melting, dissolution, mixing, environmental condition, etc.;

· Splitting of samples;

· Process of measurement;

· Storage and stability after unpacking;

· Handling of residual materials.

5.6.3.2 The laboratory shall define a policy for intermediate checks of equipment and develop procedures and annual plans of intermediate checks.
5.6.3.3 The laboratory shall have procedures and corresponding records of receipt, validation, storage and use of reference materials and inter-laboratory comparison samples to prevent contamination or damages and assure integrity.

5.7 Sampling
5.7.1 When needed, the laboratory shall develop methods and procedures of sampling based on statistical principles and identify and determine when sampling is needed.

5.8. Handling of testing and calibration items (samples)

5.8.1 The laboratory shall have an operation procedure for the identification,  registration, labelling and further handling of samples on which measurements have to be performed (including packing and chain of custody where appropriate).

5.8.4 The laboratory shall have procedures and appropriate facilities for avoiding deterioration or damage to the samples during transportation that the laboratory is responsible for. 

5.8.5 Samples of biological origin (e.g. serum, urine, cerebrospinal fluid and tissues, etc.) shall be considered as infectious materials involving risks and procedures for safe handling shall be developed on the basis of risk evaluation for the sampling, measurement and disposal processes. See GB19781 for the relevant requirements.

5.9 Ensuring quality of testing and calibration results

5.9.1 The laboratory shall define measurement goals and quality standards in relation to the customer’s needs and shall take into consideration that the metrological level is appropriate to enable the customer’s reference materials, calibrators and inter-laboratory comparison samples to fulfill the requirements of conventional tests for medical laboratories.

The laboratory shall have a defined policy and rules of quality control and assure that all the measurement processes are monitored and comply with the relevant quality requirements (including out-of-control actions). In order to maintain the competence of reference measurement, the laboratory shall have measures to assure and evaluate on a yearly basis the quantity of reference measurement (including assignment, comparison, methodological study, validation, improvement, etc.). 
The laboratory shall develop in-house quality control plans based on the sources and range of assignment of reference materials (calibrators or quality control items) and work frequency and other factors. The laboratory shall: 

a) Use, where possible, certified reference materials (including calibrators and quality control items, etc.) of the same substrate as the measured samples;

b) Measure adequate quantity of quality control samples;

c) Ensure that the measurement value of the quality control samples is within the scope of measurement competence declared by the laboratory;

d) Participate, on a periodical basis, in international, regional and national programmes of inter-laboratory comparison for reference measurement laboratories;
e) Participate, on a periodical basis, in peer comparisons for reference measurement laboratories (where feasible, including overseas laboratories);

f) Develop appropriate in-house quality control rules and plans;

g) Specify the range of laboratory permitted abnormalities or target uncertainty based on internationally recognized standards;

h) Develop standards for judgment of suspect results (e.g. out-of-control rules);

i) Provide important reference measurement services through the network of reference measurement laboratories (e.g. assigning values to national reference materials of enzymes, etc.).
5.10 Reporting of results

5.10.2
The reports or certificates of reference measurement results shall comply with the requirements of 5.8 in CNAS-CL07. In addition:
a) The contents of reporting of measurement results and their uncertainty shall be determined based on the customer’s requirements, specifications and intended use of results;

b) The reports or records shall describe the method for calculation of the results and their uncertainty, including:

- 
Steps of testing and data calculation to ensure traceability of results;

- 
All corrections made in the measurement process and constants used and their origins;

- 
Process of calculation of uncertainty

c) Unless otherwise specified, the measurement results and measurement uncertainty shall be reported simultaneously and the confidence probability shall be around 95%; Reporting shall be made in the following way:

Measured value: 100.1 (U/L)

Extended uncertainty of measurement (k=2, DOF): 0.5 (U/L)

Annex A (informative)
Requirements of metrological performance of key equipment of reference measurement laboratories in the field of clinical enzymology
Table A.1 Requirements of Metrological Performance of Key Equipment of Reference Measurement Laboratories in the Field of Clinical Enzymology

	Description of instrument
	Metrological parameter
	Performance requirement
	Remarks

	Visible ultraviolet spectrophotometer
	Wave length
	±1nm
	

	
	Wave length repeatability
	≤0.5nm
	

	
	Transmission ratio
	±0.5%τ
	ABTC（Roche） testing method is recommended. If potassium dichromate method is adopted, the uncertainty at 1A is required to be 0.010Abs.

	
	Repeatability of transmission
	≤0.2 %τ
	

	
	Baseline straightness
	±0.002τ
	

	
	Instrument noise
	Noise level shall be≤0.2%τ when the transmission ratio at 500nm is 100%.
	

	
	Cuvette light path
	10.00±0.01mm
	

	Thermometer
	Temperature indication
	37℃±0.1℃
	

	pH meter
	pH indication
	≤0.05pH
	Amylase: ≤0.03 pH

	Pipetting device
	Volume
	0.5-2ul:±10%；
2-10ul:±4%；
10-50ul:±1%；
50-2000ul:±0.5%；
	

	
	Measurement repeatability
	0.5-2ul:≤5.0 %；
2-10ul: ≤3.0%；
0-50ul: ≤0.5%；
50-2000ul:≤0.3%；
	

	Balance
	Level of balance accuracy
	Meeting the balance requirements of high precision level in JJG1036-2008
	

	One-mark volumetric flask
	Volume
	1ml :±0.010 ml

2 ml:±0.015 ml

5 ml :±0.020 ml

10 ml :±0.020 ml

25 ml :±0.03 ml

50 ml :±0.05 ml

100ml :±0.10 ml

200ml :±0.15 ml

250 ml :±0.15 ml

500 ml :±0.25 ml

1000 ml :±0.40 ml

2000 ml :±0.60 ml
	


Annex B: (Informative)
Guidance on assessment of uncertainty of clinical enzymology reference measurement
A.1 References
Principles and methods in GUM and QUAM (as shown in Annex C) are applicable to the assessment of uncertainty of clinical enzymology reference measurement.
A.2 Here shown as follows is the recommenced fishbone diagram of the uncertainty of clinical enzymology reference measurement:

[image: image3]
A.3 The laboratory should focus on the assessment of measurement uncertainty from sources including (but not limited to) the following：
- Wave length

- light absorption

- pH value

- temperature

- reagent batch number

- concentration of reagent in the final reaction liquid

- volumetric fraction of sample in the final reaction liquid

- time of incubation, measurement and delay

- volatilization of reaction liquid in cuvette

- aging of sample and reagent solution

- linearity of reaction rate

- standard deviation of measurement results

A.4 Example of assessment

A.4.1 Assessment of relative standard uncertainty induced by temperature change
a) Name of experiment

Impact of temperature change on GGT measurement uncertainty

b) Purpose of experiment

To assess the impacts of temperature change on GGT measurement uncertainty

c) Method of experiment

Pooled serums of three different concentrations are used as the test sample to measure their GGT catalytic activity concentrations respectively at 36℃, 37℃ and 38℃. Based on the measurement results, the impacts of temperature change on measurement of GGT catalytic activity concentration are analyzed to establish the function relation between the measurement temperature and GGT catalytic activity concentration, based on which, the sensitivity coefficient of the impacts of temperature changes on GGT measurement is calculated. Temperature is used as an independent factor for assessment of GGT measurement uncertainty to participate in the assessment and integration of GGT measurement uncertainty.

d) Results of experiment

See Table A1 for the results of measurement of serums of different concentrations.

Table A1 Results of measurement of serums of different concentrations
	Temperature
	Measurement result（U/L） 

	
	Concentration No. 1
	Concentration No. 2
	Concentration No. 3

	36℃

	[image: image1.jpg]


1        56.2
	99.1
	227.1

	
	2        55.8
	99.8
	226.8

	
	3        56.8
	98.2
	227.9

	37℃
	1        58.8
	103
	238.2

	
	2        57.8
	102.1
	237.5

	
	3        58.4
	103.6
	237

	38℃
	1        60.5
	106.2
	242.5

	
	2        61.0
	106.9
	243.6

	
	3        60.1
	105.8
	242.8


e) Data processing

See Table A2 for the results of data processing of serums of different concentrations.
Table A2 Results of data processing for serums of different concentrations
	Temperature
	
	Result

	
	
	1
	2
	3

	36℃
	Average（U/L）
	56.27
	99.03
	227.27

	
	SD（U/L）
	0.50
	0.80
	0.57

	
	CV%
	0.89
	0.81
	0.25

	
	Relative average %
	96.46
	96.24
	95.66

	
	Average %
	96.12

	37℃
	Average（U/L）
	58.33
	102.90
	237.57

	
	SD（U/L）
	0.50
	0.75
	0.60

	
	CV%
	0.86
	0.73
	0.25

	
	Relative average %
	100.00
	100.00
	100.00

	
	Average %
	100.00

	38℃
	Average（U/L）
	60.53
	106.30
	242.97

	
	SD（U/L）
	0.45
	0.56
	0.57

	
	CV%
	0.74
	0.52
	0.23

	
	Relative average %
	103.77
	103.30
	102.27

	
	Average %
	103.11


See Figure A1 for relation between GGT catalytic activity concentration and temperature.
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Figure A1 Relation between GGT Catalytic Activity Concentration and Temperature
Calculation of the sensitivity coefficient of the impacts of temperature on GGT measurement:

From the function relation of the impacts of temperature change on GGT catalytic activity concentration, Y=3.4975X-29.662 , it is known that GGT catalytic activity concentration changes at a rate of 3.50% when temperature changes by 1℃ (i.e. sensitivity coefficient).

f) Assessment of the impacts of temperature change on GGT measurement uncertainty

According to the requirements of IFCC-GGT Catalytic Activity Measurement Reference Document, temperature change for GGT measurement shall not be greater than 1.0℃. Assuming that the changes of GGT measurement results induced by temperature change are in rectangular distribution, the standard uncertainty induced by this input of GGT catalytic activity concentration measurement is 
[image: image4.wmf]3

1

.

0

 times the sensitivity coefficient of the impacts of temperature changes on GGT measurement, i.e. the following formula:

Relative standard uncertainty of GGT catalytic activity concentration measurement induced by temperature (input) = 
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g) Conclusion of experiment

The relative standard uncertainty of GGT catalytic activity concentration measurement induced by temperature (input) is 0.20%.

A.4.2 Assessment of relative standard uncertainty induced by wave length change

a) Name of experiment

Impact of wave length change on GGT measurement uncertainty

b) Purpose of experiment

To assess the impacts of wave length change on GGT measurement uncertainty

c) Method of experiment

Pooled serums of three different concentrations are used as the test sample to measure their GGT catalytic activity concentrations respectively at 408.5nm, 410nm and 411.5nm. Based on the measurement results, the impacts of wave length change on measurement of GGT catalytic activity concentration are analyzed to establish the function relation between the measurement wave length and GGT catalytic activity concentration, based on which, the sensitivity coefficient of the impacts of wave length changes on GGT measurement is calculated. Wave length is used as an independent factor for assessment of GGT measurement uncertainty to participate in the assessment and integration of GGT measurement uncertainty.

d) Results of experiment

See Table A3 for the results of measurement of serums of different concentrations.
Table A3 Measurement results of serums of different concentrations

	Wave length
	Measurement results（U/L） 

	
	1
	2
	3

	408.5nm
	58.9
	118.7
	261.1

	
	58.4
	118.1
	259.4

	
	58
	117.9
	258.8

	
	57.9
	118.6
	260.1

	
	58
	118
	260

	410.0nm
	56.6
	113
	248.2

	
	57.1
	112.1
	247.5

	
	56.5
	113.6
	247

	
	57.3
	113.5
	247.9

	
	55.9
	112.5
	248

	411.5nm
	53.5
	107.1
	236.8

	
	53.1
	106.9
	237.5

	
	53.1
	106.1
	236.1

	
	52.9
	106.5
	237

	
	54
	107.2
	236.5


e) Data processing

See Table A4 for the results of data processing of serums of different concentrations.

Table A4 Results of data processing for serums of different concentrations
	Temperature
	
	Result

	
	
	1
	2
	3

	408.5nm
	Average（U/L）
	58.24
	118.26
	259.88

	
	SD（U/L）
	0.42
	0.36
	0.86

	
	CV%
	0.71
	0.31
	0.33

	
	Relative average %
	102.75
	104.71
	104.91

	
	Average %
	104.12

	410.0nm
	Average（U/L）
	56.68
	112.94
	247.72

	
	SD（U/L）
	0.55
	0.64
	0.48

	
	CV%
	0.97
	0.57
	0.19

	
	Relative average %
	100.00
	100.00
	100.00

	
	Average %
	100.00

	411.5nm
	Average（U/L）
	53.32
	106.76
	236.78

	
	SD（U/L）
	0.44
	0.46
	0.53

	
	CV%
	0.82
	0.43
	0.22

	
	Relative average %
	94.07
	94.53
	95.58

	
	Average %
	94.73


See Figure A2 for relation between GGT catalytic activity concentration and wave length.
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Figure A2 Relation between GGT Catalytic Activity Concentration and Wave Length

Calculation of the sensitivity coefficient of the impacts of wave length on GGT measurement:

From the function relation of the impacts of wave length change on GGT catalytic activity concentration, Y=-0.26X2+206.11X-41510.53, it is known that GGT catalytic activity concentration changes at a rate of 3.39% when wave length changes by 1nm (i.e. sensitivity coefficient).

f) Assessment of the impacts of wave length change on GGT measurement uncertainty

According to the requirements of IFCC-GGT Catalytic Activity Measurement Reference Document, wave length change for GGT measurement shall not be greater than 1nm. However, since GGT measurement is obviously impacted by wave length, the wave length shift specified in the SOP of laboratories may not be greater than 0.2nm. Assuming that the changes of GGT measurement results induced by wave length change are in rectangular distribution, the standard uncertainty induced by this input of GGT catalytic activity concentration measurement is 
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 times the sensitivity coefficient of the impacts of wave length changes on GGT measurement, i.e. the following formula:

Relative standard uncertainty of GGT catalytic activity concentration measurement induced by wave length (input) = 
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g) Conclusion of experiment

The relative standard uncertainty of GGT catalytic activity concentration measurement induced by wave length change (input) is 0.39%.

A.4.3 Assessment of relative standard uncertainty induced b pH changes

a) Name of experiment

Impacts of pH changes on amylase measurement uncertainty

b) Purpose of experiment

To assess the impacts of pH changes on amylase measurement uncertainty

c) Method of experiment

Pooled serums of three different concentrations with three different types of reaction liquids are used as the test sample to measure the catalytic activity concentrations of Amylase in the samples respectively with a pH value of 6.909, 7.020 and 7.133. Based on the measurement results, the impacts of pH change on measurement of Amylase catalytic activity concentration are analyzed to establish the function relation between pH value and Amylase catalytic activity concentration, based on which, the sensitivity coefficient of the impacts of pH changes on Amylase measurement is calculated. pH value is used as an independent factor for assessment of Amylase measurement uncertainty to participate in the assessment and integration of Amylase measurement uncertainty.
d) Results of experiment

See Table A5 for the results of measurement of serums of different concentrations.

Table A5 Results of measurement of serums of different concentrations
	pH
	Measurement result（U/L） 

	
	1
	2
	3

	6.909
	61.2
	165.5
	201.9

	
	61.0
	166.3
	202.6

	
	61.1
	165.8
	202.1

	
	60.9
	166.7
	203.7

	
	61.0
	166.5
	202.0

	7.020
	63.8
	175.8
	217.9

	
	64.6
	177.3
	217.3

	
	64.1
	176.8
	216.5

	
	64.0
	177.2
	218.0

	
	63.9
	176.0
	217.6

	7.133
	68.5
	192.3
	239.5

	
	67.9
	191.1
	238.1

	
	67.5
	191.7
	238.6

	
	68.7
	190.2
	237.9

	
	68.2
	191.1
	237.1


e) Data processing

See Table A6 for the results of data processing of serums of different concentrations.

Table A6: Results of data processing for serums of different concentrations
	pH
	
	Result

	
	
	1
	2
	3

	6.909
	Average（U/L）
	61.04
	166016
	202.46

	
	SD（U/L）
	0.11
	0.50
	0.74

	
	CV%
	0.19
	0.30
	0.37

	
	Relative average %
	95.26
	94.08
	93.10

	
	Average %
	94.15

	7.020
	Average（U/L）
	64.08
	176.62
	217.46

	
	SD（U/L）
	0.31
	0.69
	0.60

	
	CV%
	0.49
	0.39
	0.28

	
	Relative average %
	100.00
	100.00
	100.00

	
	Average %
	100.00

	7.133
	Average（U/L）
	68.16
	191.28
	238.24

	
	SD（U/L）
	0.48
	0.78
	0.89

	
	CV%
	0.70
	0.41
	0.37

	
	Relative average %
	106.37
	108.30
	109.56

	
	Average %
	108.07


See Figure A3 for relation between Amylase catalytic activity concentration and pH.

[image: image26.png]%

GGT

106

GGTHEALIFE PR E I KB KR

104

102

~-

100

98

96

~

94

y=-0.26x2+206.11x- 41,510.53 \

408

409 410 411

nm

412





Figure A3: Relation between Amylase catalytic activity concentration and pH.

Calculation of the sensitivity coefficient of the impacts of pH on Amylase measurement:

From the function relation of the impacts of pH change on Amylase catalytic activity concentration, Y=83.524X2-1110.7X+3780.8, it is known that Amylase catalytic activity concentration changes at a rate of 2.00% when pH changes by 0.03 (i.e. sensitivity coefficient).

f) Assessment of impacts of pH changes on Amylase measurement uncertainty

According to the requirements of IFCC-Amylase Catalytic Activity Measurement Reference Document, pH change for measurement shall not be greater than 0.03. Assuming that the changes of Amylase measurement results induced by pH change are in rectangular distribution, the standard uncertainty induced by this input of Amylase catalytic activity concentration measurement is 
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 times the sensitivity coefficient of the impacts of pH changes on Amylase measurement, i.e. the following formula:

The relative standard uncertainty of Amylase catalytic activity concentration measurement induced by pH (input) is 
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g) Conclusion of experiment

The relative standard uncertainty of Amylase catalytic activity concentration measurement induced by pH (input) is 1.15%.

A.4.4 Combined standard uncertainty

A.4.4.1 Combined standard uncertainty, 
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, is an estimated standard deviation and a parameter reasonably assigned to the measured value of Y to characterize its dispersion. According to the law of propagation of uncertainty (which may be simplified as the combined variance of the estimated value based on the specialty of enzymological measurement, 
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, referring to a linear function where the inputs are independent from and unrelated to each other and excluding the higher order term of nonlinear function), each impacting factor is integrated as an independent factor and the relative combined standard uncertainty is calculated using the following formula:
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Combined standard uncertainty is calculated using the following formula:
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A．4.4.2 Example of calculation of combined standard uncertainty of laboratory measurement of GGT catalytic activity concentration

The uncertainty of laboratory measurement of GGT catalytic activity concentration is from three sources, i.e, temperature, wave length and laboratory reproducibility precision. The relative standard uncertainty of measurement of GGT catalytic activity concentration induced respectively by changes of temperature (input), wave length and laboratory reproducibility precision is 0.20%, 0.39% and 0.35%. The relative combined standard uncertainty is calculated as follows:
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Assuming that the measured average value of GGT catalytic activity concentration is 125.4U/L, its combined standard uncertainty is calculated as follows:
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A.4.5 Extended uncertainty

A.4.5.1 Method for calculation of extended uncertainty

Methods for calculation of extended uncertainty usually include:
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[image: image16.wmf](

)

y

u

c

 is the combined standard uncertainty. Regarding the first calculation method，
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，in reality, when Y value is assumed, in most of the cases, in normal distribution and 
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[image: image20.wmf]eff

V

 is smaller than 6, the second calculation method of extended uncertainty, i.e. 
[image: image21.wmf](

)

y

u

k

U

c

p

p

´

=

，should be selected. The corresponding coverage factor, k, is calculated based on the t distribution critical value of confidence probability p (double side) and using formula 
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A.4.5.1 Example of calculation of extended uncertainty of laboratory measurement of GGT catalytic activity concentration
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A.4.6 Report of uncertainty

GGT measured catalytic activity concentration: 
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Annex C (Informative)
Technical documents for reference by laboratories in the field of clinical enzymology 
C1 BIPM, IEC, IFCC, ISO, IUPAC, IUPAP, OIML. Guide to the expression of    uncertainty in measurement (GUM)[M]. 1st edition. Switzerland：International Organization for Standardization，1995. 

C2 BIPM, IEC, IFCC, ISO, IUPAC, IUPAP, OIML. International Vocabulary of Basic and General Terms in Metrology(VIM)[M]. 2nd edition. Switzerland：International Organization for Standardization，2008.

C3 ILAC.ILAC Policy on Traceability of Measurement Results[S].Australia： International Laboratory Accreditation Cooperation,2002.

C4 ILAC. Guideline on Assessment and Reporting of Compliance with Specification(based on measurements and tests in a laboratory) [S]. Australia: International Laboratory Accreditation Cooperation,1996.

C5 APLAC. Method of stating test and calibration results and compliance with specification[S]. Australia: the Asia Pacific region that accredit laboratories,2006.

C6 ISO. In vitro diagnostic medical devices (Measurement of quantities in samples of biological origin ( Presentation of reference measurement procedures[S].Switzerland:InternationalOrganizationforStandardization ，2003.

C7 ISO. In vitro diagnostic medical devices (Measurement of quantities in samples of biological origin (Description of reference materials [S]. Switzerland: International Organization for Standardization ，2003.

C8 ISO. Clinical laboratory medicine (Requirements for reference measurement Laboratories[S]. Switzerland：International Organization for Standardization,2003.  

C9 ISO. In vitro diagnostic medical devices (Measurement of quantities in biological samples (Metrological traceability of values assigned to calibrators and control materials[S].Switzerland: International Organization for Standardization ，2003.

C10 ISO. In vitro diagnostic medical devices (Measurement of quantities in biological samples (Metrological traceability  of values for catalytic concentration of enzymea assigned to calibrators and control materials [S]. Switzerland: International Organization for Standardization ，2003.

C11 IFCC.IFCC Primary Reference Procedures for the Measurement of Catalytic Activity Concentration of Enzymes at 37℃.Part1-9[S]. Germany: International Federation of Clinical Chemistry and Laboratory Medicine，2003.

C12 ISO. Reference Materials-General and statistical Principals for certification(ISO Guide 35)[S].Switzerland: International Organization for Standardization，2003.

C13 CLSI. Evaluation of matrix effects; Approved guideline(EP14-A2)[S].2nd edition. America: Clinical and Laboratory Standards Institute，2005.

C14 CLSI. Method comparison and bias estimation using patient samples; Guideline-second edition (EP9-A2) [S].2nd edition. America: Clinical and Laboratory Standards Institute，2002.

C15 IFCC, CLSI. Metrological traceability and its implementation; a report(X5) Germany: International Federation of Clinical Chemistry and Laboratory Medicine ;America: Clinical and Laboratory Standards Institute，2003.

C16 Eurachem/CITAC. Quantifying uncertainty in analytical measurement[S].QAUM:2000.P1

Annex D (Informative)
Correlation between this document and CNAS-CL07 and CNAS-CL01
Table D.1 Correlation between this Document and CNAS-CL21 and CNAS-CL01
	This document
	CNAS-CL07 
	CNAS-CL01 

	1
	1
	1

	2
	2
	2

	3
	3
	3

	4.1
	4.1
	4.1

	4.2
	4.2
	4.2

	5.2
	4.3
	4.1.5,5.2

	4.3
	4.4
	4.3

	4.4,4.5
	4.5
	4.4,4.5

	4.6~4.15
	
	4.6~4.15

	5.1
	
	5.1

	5.3
	5.1
	5.3

	5.8
	5.2
	5.8

	5.5
	5.3
	5.5,5.6.1,5.6.2.1

	5.6.3
	5.4
	5.6.3

	5.4
	5.5
	5.4

	5.4.6,5.6
	5.6
	5.4.6,5.6

	5.7
	
	5.7

	5.9
	5.7
	5.9

	5.10
	5.8
	5.10




































Issued on 2018-03-01                                               Implemented on 2018-03-01
30
II

_1350192854.unknown

_1352550003.unknown

_1352550401.unknown

_1352636651.unknown

_1352637165.unknown

_1486294992.unknown

_1352636666.unknown

_1352551079.unknown

_1352550938.unknown

_1352550014.unknown

_1352550045.unknown

_1352549920.unknown

_1352549962.unknown

_1352544990.unknown

_1352544803.unknown

_1350109625.unknown

_1350192794.unknown

_1347280115.unknown

