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analysis reference measurement
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Foreword
Units requesting CNAS accreditation for medical reference measurement laboratory shall meet the requirements of CNAS-CL01: 2006 “Accreditation Criteria for the Competence of Testing and Calibration Laboratories” and CNAS-CL07 “Accreditation Criteria for the Medical Reference Measurement Laboratory”This document is CNAS’s further interpretation of CNAS-CL01 in light of the characteristics of reference measurement laboratories for blood cell analysis. This document shall be used together with CNAS-CL01 and CNAS- CL07. In terms of structure layout, the clause numbers and clause titles for the clauses in this document are aligned to those in CNAS-CL01:2006. For the convenience of use, the text of this document lists the number and title of level 2 or even lower level clauses of CNAS-CL01. The clause numbers under level 2 are not consecutive. The actual contents of the application guidance on CNAS-CL01:2006 are given at the end of corresponding clauses.
The terms and definitions used in this document are consistent with CNAS-CL07. The concept of “reference measurement” instead of “calibration” is used. The reference material includes standard material, standard sample, calibration material and control material. In this document, they are uniformly expressed as “reference material”.
4 appendix documents are added to this document: Appendix A “Performance requirements for the main equipment of reference measurement laboratories for blood cell analysis”; Appendix B “Example of hemoglobin measurement uncertainty evaluation”; Appendix C “Commonly used technical documents in reference measurement laboratories for blood cell analysis”; Appendix D “Cross reference of the clauses of this document and CNAS-CL07”. Appendix A is a normative appendix and B to D are informative appendices. 
This edition replaces CNAS-CL54:2014.
This is a revised version, compared to CNAS-CL54:2014, this edition only revised the document number.
Guidance on the application of accreditation criteria for

medical reference laboratories in the field of blood cell

analysis reference measurement
1 Scope 

This document specifies the specific requirements for reference measurement laboratories for blood cell analysis in the field of testing medicine. The reference measurement items include red blood cell (RBC) count, white blood cell (WBC) count, platelet (Plt) count, hemoglobin (Hb) measurement and hematocrit (Hct) measurement. Examinations of properties with results reported on a nominal or ordinal scale are not included. It does not apply to routine medical laboratories, either.
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，IDT)
CNAS-GL18:2003 Guidance on the Implementation of Requirements for Measurement Traceability in Medical Measurement (ISO 17511:2003, IDT)
3 Terms and definitions
3.1  reference measurement laboratory for blood cell analysis
Laboratory performing a reference measurement procedure and providing results that claims measurement uncertainty with an aim to provide metrological service to the field of blood cell analysis. 
Note 1: blood cell analysis refers to the blood cell analysis targeted at the testing of human blood specimen. 
Note 2: This definition is newly added, having referred to the definition of “reference measurement laboratory” (ISO15195, 3.6).
4 Management requirements
4.1 Organization
4.2 Management system
4.2.5 The quality management system of the laboratory shall be documented. The quality manual shall express overall objective, quality policy and quality control work arrangement to enable the laboratory to ensure reference measurement results. 
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 nonconforming testing and/or calibration work

4.10 Improvement
4.11 Corrective action
4.12 Preventive action
4.13 Control of records
4.14 Internal audit
4.15 Management review
5 Technical requirements
5.1 General
5.2 Personnel
5.2.1 The authorized signatory of blood cell analysis reference measurement report shall at least have master degree or senior technical title for relevant specialty (e.g. laboratory medicine, medicine and metrology) with over 5 years’ reference measurement work experiences in relevant specialty and be familiar with associated regulations and technical documents. (refer to appendix C)
Key measurement personnel shall at least have a college diploma for relevant specialty (e.g. laboratory medicine, public health and medicine) with over 3 years’ blood cell analysis reference measurement work experiences. 
5.2.2 The laboratory management shall develop the education, training and skill targets for the laboratory staff. There shall be policy and procedure for determining training demand and provision of personnel training. The laboratory staff shall receive training about relevant reference methods and procedures and have specific training experience for blood cell analysis. They shall master the program and procedure for the assigned value of reference materials (including standard material, calibration material and control material) and the method for evaluation of measurement uncertainty. They shall also receive training on laboratory safety and protection. The laboratory shall have corresponding training record and specific measures and relevant record for the evaluation of the effectiveness of these training activities. 
5.2.4 The laboratory shall retain the technical files of the laboratory staff (including contracted personnel) relevant to its provision of metrological services. The contents include: education and professional qualifications, learning experience in relevant specialty,  relevant training record, skill and experience record and relevant authorization of the technical personnel (including contracted personnel). The laboratory shall
a) Conduct periodic training (including internal and external training) and competence evaluation of the technical personnel;
b) Conduct training and competence evaluation of the new staff and old staff (who have not carried out reference measurement for over 3 months);
c) The laboratory shall have full-time technical personnel for performing medical reference measurement and maintain the stability of laboratory personnel.
5.3 Accommodation and environmental conditions
5.3.2 The environmental conditions shall be controlled to prevent impact on the measurement results. The controlled environmental condition shall be monitored and recorded. The laboratory shall at least monitor the following environmental conditions, including:
a) monitoring of laboratory measurement temperature, which shall be within the range specified in for the measuring instrument; 
b) daily monitoring of the temperature of the refrigerator in use. 
5.3.3 The area of reference measurement activities shall be relatively independent of the area of conventional clinical testing. 
5.3.4 There shall be measures to prevent the access of irrelevant personnel during the measurement work. 
5.3.5 The laboratory shall have the procedure and emergency response measures for safe handling and disposal of poisonous and harmful materials. The purchase, use, storage, destruction and recording of poisonous and harmful materials and biologically hazardous materials shall meet the state relevant regulations and standards. Where applicable, the laboratory shall have the storage equipment and security measures that meet requirements. At required places, there shall be relevant warning, indication and caution labels that comply with state provisions. 
5.4 Test and calibration methods and method validation
5.4.2 Method selection
The laboratory shall adopt the reference methods published by international standardization organizations (ICSH and CLSI etc), national standards and industry standards published by relevant departments. Where applicable, it should use the terms, definitions and methods given by the documents in Appendix C.
a) The laboratory shall have the original document of relevant reference methods and confirm that the laboratory staffs correctly understand the requirements of relevant documents; 
b) The laboratory shall express the reference measurement procedure according to the requirements of ISO15193;
c) The laboratory shall develop the SOP for execution of relevant reference measurement procedures;
d）The laboratory shall provide test data and documented evidence to demonstrate that the methods it uses meet the anticipated performance requirements.
The validation test for the blood cell analysis reference measurement procedure shall at least include:
a) Within-run precision testing;
b) Between-run precision testing (where applicable);
c) Linear range applicable to reference measurement service; 
d) Comparison of results with other reference laboratory;
e) Validation through use of international calibration material where applicable.
At the same time, the laboratory shall control and provide the performance of the following equipment:
a) Balance;
b) Dispensing and volumetric appliances;
c) Spectrophotometer；

d) Red cell and white cell count primary standard and transfer calibration material;
e) Micro-hematocrit measurement centrifuge;
f) Flow cytometer.
5.4.6 Evaluation of measurement uncertainty: The laboratory shall develop and implement the procedure for evaluation of uncertainty in accordance with the requirements of GUM and QUAM (reefer to Appendix C).
5.5 Equipment
5.5.2 The laboratory shall ensure that all equipment used for reference measurement that have obvious impact on the results including auxiliary measurement equipment (e.g equipment used for measurement of environmental conditions) meet the anticipated requirements for performance.
For the measurement of basic quantities (e.g. length, mass, volume and temperature), the main measurement equipment used by the laboratory shall be calibrated or verified periodically to ensure the traceability of the measurement results. These equipments include: 
a) Spectrophotometer;
b) Thermometer;
c) Balance;
d) Dispensing and volumetric appliances.
5.5.5 There shall be records of the use and maintenance of main equipment, including at least: 
a) Performed measurement types/items, controls or maintenance procedures; 
b) Calibration and verification status;
c) Measurement or maintenance date;
d) Measurement or maintenance personnel;
e) Maintenance causes (prevention or trouble shooting);
f) Clearly defined operating conditions (where applicable);
g) Abnormalities that need be investigated. 
5.5.13 The laboratory shall develop procedure for solution preparation, including preparation method, cautions, validity period and labeling and keep detailed preparation records. 
5.5.14 The laboratory prepared reagent shall be labeled and where necessary consider indication of the following contents: 
a) Name;
b) Content (concentration and titre) and storage requirements);
c) Preparation date;
d) Validity period;
e) Preparation staff;
f) Commissioning date;
g) User;
h) Safety warning/prompt label (where necessary).
5.6 Measurement traceability
5.6.1 General
The laboratory shall demonstrate that their measurement results are traceable to a reference material or reference measurement procedure of highest available order by an unbroken chain of comparisons as specified in ISO 17511. The reported measurement results shall all identify the measurement uncertainty. The laboratory shall identify the equipment needing calibration (including internal calibration) and develop the procedure and plan for equipment calibration. 
5.6.2 Particular requirements
5.6.2.1.2 Where applicable, the laboratory shall use the reference materials published by the international standardization organizations (e.g. WHO). Prior to provision of services to users, the laboratory shall perform periodic interlaboratory result comparison with other reference measurement laboratories and where applicable, participate in reference measurement interlaboratory comparison designated by state authoritative organization. When the laboratory assigns values to the reference materials or measures the interlaboratory comparison samples, it shall develop the procedure for value assignment and comparison measurement and keep detailed records. 
5.6.3 Reference standard and reference material
The laboratory shall: 
a) Use appropriate reference materials;
b) Shall not use the same reference material both as the calibration material and control material;  
c) Correctly use and retain the reference materials according to the requirements of the instructions; 
d) The factors considered shall at least include: 
· Label;
· The bottle opening time of the reference material;
· Sample preparation, such as blending and dilution;
· Measurement process; 
· Retention and stability after bottle opening;
· Waste handling.
5.6.3.4 The laboratory shall have the procedure and corresponding record for reception, confirmation, retention and use of reference materials and interlaboratory comparison samples to prevent their contamination or damage. 
5.7 Sampling
5.8 Handling of test and calibration items
5.8.1The laboratory shall have the operating procedure for labeling, registering and further processing (such as dilution, packing and where applicable, including the chain of custody) of measurement samples. 
5.8.5 Blood cell specimen shall be deemed as risky infectious material. The laboratory shall develop the safe handling procedure for sampling, measurement and disposal on the basis of risk evaluation. 
5.9 Assuring the quality of test and calibration results
5.9.1The laboratory shall develop the measurement objective and quality standard and achieve the metrological level so that the assigned reference materials (such as standard material, calibration material, control material and interlaboratory comparison material) can meet the requirements of conventional examination of medical laboratories. 
The laboratory shall have explicit quality control policy and procedure to ensure that all the measurement processes are monitored and meet relevant quality requirements (including handling of control loss). To maintain reference measurement competence, the laboratory shall have measures to guarantee the work contents (such as value assignment and accuracy verification) and workload of reference measurement and evaluate them. 
The laboratory shall develop its quality control and interlaboratory result comparison program in accordance with the source, assignment range and work frequency of the commodity reference material (such as standard material or control material):
a) It shall use certified reference materials (including calibration material and control material) that have the same substrate as the measured sample as far as possible;
b) It shall measure sufficient amount of quality control samples; 
c) It shall establish suitable internal quality control rules; 
d) It shall specify the range of allowed variation of measurement results or target uncertainty in reference to the requirements of the documents published by international standardization organizations;  
e) It shall periodically participate in comparison with peer reference measurement laboratories (including overseas ones);
f) Where applicable, it shall periodically participate in international and/or national reference laboratory result comparison plan. 
5.10 Reporting the results
5.10.2 When reporting the measured value and its uncertainty, the laboratory shall reasonably keep valid number of digits. In most cases, it is no more than 2 valid number of digits for the expression of uncertainty. When calculating combined uncertainty components, it shall keep at least 3 valid number of digits in order to reduce the digit round-off error. 
The reference measurement result report or certificate shall meet the requirements of  clause 5.8 in CNAS-CL32. In addition:
a) The report contents of the measured values and their uncertainty shall be determined according to client requirements and the use of results;
b) Unless otherwise specified, the measured values and uncertainty shall be reported at the same time, approximately 95% of the times. The reporting modes are as follows: 
RBC measured values: 3.65 ×1012/L
Expanded uncertainty (k=2): 0.02×1012 /L
Appendix A (normative)
Performance requirements for the main equipment of reference measurement laboratories for blood cell analysis
	Measurement
	Equipment name
	Measurement parameters
	Performance requirements
	Remarks

	Hb
	Spectrophotometer           （Uv,  Visible spectrophotometer ）
	Wavelength tolerance
Wavelength repeatability
Transmittance tolerance
Transmission ratio repeatability
Contrast color cup inner diameter tolerance
	±0.5nm（within range of visible wavelength）

≤0.2nm（ within range of visible wavelength ）

±0.3%（ within range of visible wavelength ）

≤0.1%（ within range of visible wavelength ）

1.000cm±0.002cm
	Provide uncertainty

	
	Balance
	Eccentric load tolerance
Repeatability
Indication tolerance
	±1.0e

≤1.0e

当0.01g≤m≤50g时，±0.5e；

当50g＜m≤200g时，±1.0e；

当200g＜m≤220g时，±1.5e
	Provide uncertainty

	
	Dispenser
	Capacity tolerance
	100μL±2μL

200μL±3μL
	Provide uncertainty

	
	Single line volumetric flask
	Capacity tolerance
	25mL±0.03mL

50mL±0.05mL   

100mL±0.10mL

250mL±0.15mL

500mL±0.25mL  

1000mL±0.40mL
	Provide uncertainty

	WBC
	Dispenser
	Capacity tolerance
	20μL±0.8μL

100μL±2μL
	Provide uncertainty

	
	Single line volumetric flask
	Capacity tolerance
	50mL±0.05mL

100mL±0.10mL

500mL±0.25mL
	Provide uncertainty

	
	Red blood cells and white blood cell count standard
	Sample volume absorption maximum tolerance
	1%
	Provide uncertainty

	RBC
	Dispenser
	Capacity tolerance
	20μL±0.8μL
	Provide uncertainty

	
	Single line volumetric flask
	Capacity tolerance
	1000mL±0.4mL
	

	
	Red blood cells and white blood cell count standard
	Sample volume absorption maximum tolerance
	1%
	Provide uncertainty

	PLT
	Dispenser
	Capacity tolerance
	5μL±0.4μL

10μL±0.8μL

200μL±3μL
	Provide uncertainty

	
	Volumetric flask
	Capacity tolerance
	1000mL±0.40mL
	

	
	Balance
	Eccentric load tolerance
Repeatability
Indication tolerance
	±1.0e

≤1.0e

当0.01g≤m≤50g时 ， ±0.5e；

当50g＜m≤200g时 ，  ±1.0e；

当200g＜m≤220g时，±1.5e
	

	Hct
	Specific centrifuge tube for red cell specific volumedetermination
	Length tolerance
Inside diameter tolerance
Pipe wall thickness allowed range
	75mm±0.5mm；

1.155mm±0.085mm；

0.18mm～0.23mm, recommend 0.20mm；
	Provide uncertainty


Appendix B (informative)
Example of hemoglobin measurement uncertainty evaluation
B.1  References
　　The principles and methods of GUM and QUAM (refer appendix C) apply to the evaluation of hemoglobin measurement uncertainty.
B.2  Establishing mathematical model
Measuring the fresh blood hemoglobin concentration with the hemoglobin reference method, the calculation formula is as follows:  
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Corresponding mathematical model:
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In the formula, 
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 means the concentration of hemoglobin, 
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 means the absorbance of HiCN solution at 540nm, 
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means a quarter of the molecular mass of hemoglobin (16114.5g/mol, the uncertainty of M can be neglected), 
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means the dilution factor (e.g. 251 times dilution), 
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 means the absorbance of HiCN solution at 540nm (11.0 
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 means the optical path of colorimetric plate (1.000cm), 
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 means the volume of diluents (25mL).
B.3  The laboratory should mainly evaluate the measurement uncertainty of the following (not limited) sources:
Calculation formula of the uncertainty of hemoglobin reference measurement procedure
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 means the relative uncertainty of hemoglobin reference measurement procedure;
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 means the relative uncertainty introduced by method repeatability;
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 means the relative uncertainty introduced by the spectrophotometer;
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[image: image22.wmf],

relVp

u

 means the relative uncertainty introduced by the quantitative dispenser in the dilution process;
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B.4 Quantitative uncertainty (measuring one sample as an example)
B.4.1 Uncertainty introduced by the reference measurement repeatability urep: take a sample from a healthy person, test it repeatedly for 10 times, the average value is 156g/L (light absorption value is 0.4242), standard error is 0.718g/L, relative uncertainty urel,rep is 0.00460. 
B.4.2Uncertainty introduced by light absorption: According to the spectrophotometer calibration certificate, the expanded uncertainty of transmittance measurement error is U=0.2%T（k=2）, then its standard uncertainty is uT=0.1%T, because the light absorption is A ＝ lg(1/T), the sensitivity coefficient of transmittance transforming into absorbance is c=
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, the standard uncertainty of absorbance is uA=c×uT, relative uncertainty is 
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. If the hemoglobin concentration absorbance is 0.4242, the standard uncertainty of absorbance is uA=c×uT=0.4343×100. 4242×0.001=0.00115, relative uncertainty is 
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B.4.3 Uncertainty introduced by the light absorption coefficient of HiCN solution at 540nm: it can be calculated on the basis of normal distribution according to the standard error calculated through the light absorption coefficient, 
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B.4.4 Uncertainty introduced by the colorimetric cup optical path: the 2 colorimetric cup optical path calibration results are respectively are 0.99901±0.00025cm and 1.00026±0.00025cm, the standard uncertainty of the colorimetric cup is 
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=0.00025/2=0.000125cm, relative standard uncertainty is 
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B.4.5 Uncertainty introduced by the dilution process
The standard uncertainty introduced by 100μL dispenser (uVp): use type B standard uncertainty evaluation, the calibration certificate issued by the National Institute of Metrology of China shows the expanded uncertainty of 100μL dispenser is 0.12μL（k=2）, the standard uncertainty introduced by calibration is 0.12/2=0.06μL; the laboratory temperature changes within 4℃, the uncertainty caused by this impact can be calculated through estimation of this temperature range and volume expansion coefficient, the volume expansion coefficient of water is 
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[image: image34.wmf]4

(10042.110)0.084

μ

L

-

±´´´=±

. Suppose the temperature change is in rectangular distribution, the standard uncertainty introduced by temperature is 0.084/
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μL , relative uncertainty urel,Vp is 0.0768/100=0.000768.
②25mLUncertainty of the volumetric flask: According to metrology standard, at 20℃, the capacity tolerance of level A volumetric flask is ±0.03mL, the capacity change complies with triangle distribution, the calibration uncertainty of the volumetric flask is 
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=0.0122mL; similar to capillary dispenser, the standard uncertainty of temperature is
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=0.0210mL, the combined standard uncertainty of level A 25mL volumetric flask is 
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Hemoglobin reference measurement data and uncertainty
	Symbol
	Uncertainty component
	Measured value
	Unit 
	Standard uncertainty
	Relative standard uncertainty

	rep1
	Repeatability of reference measurement procedure
	156
	g/L
	0.718
	0.00460

	A
	Absorbance 
	0.4242
	—
	0.00115
	0.00271
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	Absorption coefficient of HiCN solution at 540nm
	10.99
	
[image: image43.wmf]mmolcm

l

-1-1

××


	0.01
	0.000910
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	Colorimetric cup optical path
	1.00000
	cm
	0.000125
	0.000177

	Vp1
	100μL dispenser
	100
	μL
	0.0768
	0.000768
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	25mL volumetric flask
	25
	mL
	0.0243
	0.000972


B.5 Calculation of combined uncertainty
Combine the above uncertainty components according to relative uncertainty.
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When 
[image: image47.wmf]Hb

C

=156.0g/L, the combined standard uncertainty is uc=0.87g/L

B.6 Calculation of expanded uncertainty
When the coverage factor is 2, the expanded uncertainty is 1.7g/L.
B.7 Hemoglobin concentration:（156.0±1.7）g/L（k=2）
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