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COMPILATION OF SOURCES OF REFERENCE MATERIALS

Reference materials are used for method validation, verification of correct use of a method,
calibration and quality control. Quality control is FDA’s primary use of RMs. The sections
below provide information on the use of RMs. Additional information is available=.


http://www.fda.gov/Food/FoodScienceResearch/LaboratoryMethods/ucm2006954.htm

Definitions

o Reference Material (RM)—Material or substance one or more of whose property
values are sufficiently homogeneous, stable, and well established to be used for the
calibration of an apparatus, the assessment of a measurement method, or for assigning
values to materials®.

o Certified Reference Material (CRM)—Reference material, accompanied by a
certificate, one or more of whose property values are certified by a procedure which
establishes its traceability to an accurate realization of the unit in which the property
values are expressed, and for which each certified value is accompanied by an
uncertainty at a stated level of confidence®.

¢ In-house Reference Material (in-house RM)—Reference material developed by a
laboratory for its own internal use.

CRMs and in-house RMs are simply types of RMs. A CRM is a RM with an associated
certificate that satisfies traceability requirements. When a certificate expires, the material in the
unit (or container) associated with that certificate continues to be an RM but is, by definition, no
longer traceable and therefore no longer a CRM. Standard Reference Material (SRM) is a trade
name that the U. S. National Institute of Standards and Technology (NIST) uses for a CRM.

3.5.1 REFERENCE MATERIAL USE FOR QUALITY CONTROL

RMs are analyzed with a batch of samples to verify the accuracy and overall performance of the
analysis. CRMs provide traceability and are from producers such as the NIST and the National
Research Council of Canada. All other non-certified RMs, including expired CRMs and RMs
with established consensus values (e.g., Roelandts and Gladney?), can be used for demonstrating
the repeatability aspects of an analysis. CRMs may be used in any RM application but must be
included, alone or in combination with non-certified RMs, in regulatory analyses. CRMs are
typically not required for investigational and surveillance analyses.

Follow instructions on the certificate for the recommended minimum analytical portion, the
procedure to use for determining basis weight, storage requirements, etc. The use of z-scores (see
83.5.3) is an accepted procedure for demonstrating the quality of results.

RMs are chosen to closely match the matrix and analyte concentration of interest. However,
choosing an appropriate RM is often difficult because of the relatively small variety of RMs
available. For FDA labs, the difficulty in choosing an appropriate RM is compounded by the
large variety of food matrices and numerous analytes.

The following sections provide guidance in obtaining or preparing RMs.



3.5.2 IN-HOUSE REFERENCE MATERIAL DEVELOPMENT

An in-house RM is usually developed when the matrices or reference levels of commercially
available RMs do not closely match the samples to be analyzed. The steps for development of an
in-house RM are outlined below.

3.5.2.1 Selection

Ideally, the material will be available in an ample supply, with minimal cost, and needing little or
no preparation. Materials requiring freezing, pulverizing, sieving, blending, sterilization,
packaging, etc., should be selected only if necessary.

Logically, the material would be expected to be homogeneous and stable with a long shelf life.
Refrigerated storage may be needed. Analyte levels, interference issues, and analysis difficulty
need to suit the purpose of the RM. Challenging materials having interferences or digestion
complications are generally undesirable but in some circumstances these characteristics may be
needed to demonstrate ruggedness.

3.5.2.2  Analytical

Analyses provide data for defining the weight basis procedure and for setting analyte levels,
minimum analytical portion mass, and uncertainties.

The weight basis is a defined, reproducible condition for an analytical portion to obtain its mass.
Typical conditions used include freeze-dried, oven-dried, as received, desiccator-dried,
equilibrium mass state, and reconstituted.

Analyte concentrations are best established using a variety of analytical techniques and methods
in different laboratories by different analysts. Use of multiple sets of data in this way
compensates for laboratory bias. Limits on laboratory bias may be determined or estimated based
on analytical data provided by the different techniques, methods, and laboratories®’. For each
analyte, the reference value should be established using a combination of at least 2 different
analytical techniques or laboratories. The reference values may be straight averages or weighted
averages, depending on the specifics of the data sets. Determination of which procedure to use
for setting the reference values should be made under consultation with a statistician.

When an in-house RM is to be used solely for measuring repeatability and the analytical method,
laboratory, and analyst will always remain the same, then technique bias is of no consequence. In
this case, analyte reference values are applicable only to the given method, laboratory, and
analyst.

3.5.2.3 Random Error and Homogeneity

Measuring the RSD for the minimum analytical portion mass to be used routinely is
recommended. Under these conditions, RSD represents the total random error that accounts for
errors from the measurement and errors due to analyte nonhomogeneity. Total random error is
needed for generating uncertainties. Note that homogeneity depends on the mass of the analytical
portion.

If nonhomogeneity information is needed, such as for determining whether the RM may be
suitable for another application, compare the RSD with the method’s relative standard



uncertainty for the measurement. When the RSD is smaller than the relative standard uncertainty
then the latter may have been overestimated. When an RSD is less than or equal to the relative
standard error for the measurement, homogeneity is better than the method can detect for that
analyte. When the RSD is greater than the relative standard uncertainty the effects of
nonhomogeneity have been observed.

Nonhomogeneity can be defined as the RSD from analyte variations within the material,
RSDronhomogeneity, and expressed as relative percent. The total RSD, RSDgpserved, 1S assumed to be
related to nonhomogeneity and random variations due to the measurement process, RSD andom
e, and expressed alternatively as:
2 2 2

(R'SDobserved) :(R'SDmqunermr) +(R'SDmnhnmogeneity)
When random error does not adequately account for RSDgpsenved, the additional variability is
assumed to be due to nonhomogeneity. Nonhomogeneity is therefore set equal to the square root
of the difference obtained by subtracting the random error squared from RSDgpserveq SQuared.
Random error is estimated using random uncertainty, the combined random components of
measurement uncertainty.

The adequacy of random error alone to account for an observed data distribution can be
evaluated on the basis of the integral of the distribution function Py(x%,v) from X* = %*observed) t0 X°
= oo, where % is chi-square distribution and v is the number of degrees of freedom®. Here, the
integral of the distribution function is referred to simply as probability. When the probability is
<10%, a nonhomogeneity component can be calculated.

In general, nonhomogeneities that are equal to the associated random measurement uncertainties
would be expected to have probabilities <10%. Therefore, when a probability is >10%, the
nonhomogeneity is known to be less than the random measurement uncertainty and the latter can
be taken as an upper limit for nonhomogeneity. However, when RSDgpserveq iS lower than the
random measurement uncertainty, RSDopserved 1S taken instead as an upper limit for
nonhomogeneity.

3.5.2.4 Uncertainties

Uncertainties need to be generated for RMs so they can be used in combination with the
analytical uncertainties from measurements to demonstrate accuracy. Uncertainty limits should
be computed using a 95% confidence level. The statistical methods for determining uncertainties
depend on the data sets and associated analytical information. As the methods vary and can be
non-trivial, the assistance of a statistician is recommended.

3.5.2.5 Instructions

A document should be prepared that provides instructions on using the in-house RM including
storage requirements, procedure for determining weight basis, minimum analytical portion mass,
and estimates of analyte(s) level(s).

3.5.3 REFERENCE MATERIAL RE-VERIFICATION

Re-verification, the process that shows a RM is still fit for purpose, is based on observations and
analytical results. If only selected elements of interest are re-verified, the re-verification will only



apply to these elements. Also, re-verification applies only to the unit (or container) being tested
and unopened units whose physical integrity is unquestionable. Analytical results may be
obtained specifically for re-verifying the RM for specific elements or generated during routine
analysis of the RM.

RMs do not typically have expiration dates but the levels for analytes of interest must be re-
verified annually or with each use of the RM. Re-verification is accomplished using the RM
uncertainties and the analytical uncertainties associated with the current measurements.
Measurement uncertainties are ideally determined along with the measurements but when they
are not, uncertainties may be assigned for well-defined methods (such as 10% for EAM
methods) or set to zero.

Continuous monitoring of RM results is useful because changes in element levels can be
observed in a timely fashion. Maintaining a plot of element levels over time is useful for
observing trends. A change rate that would predict an element level exceeding the material’s
uncertainty within the following year would be very significant.

Use visual inspection to verify the absence of evidence that would cause one to question a RM
unit’s physical integrity. For example, change in color, presence of mold or seeing liquid when
the material should be dry would disqualify an RM unit.

Analyze at least 2 analytical portions of the RM being re-verified concurrently with at least one
analytical portion of a CRM. Compare the current CRM and RM results with the certified and
reference values, respectively, by using z-scores™. A z-score is equal to the difference between
the result and certified value divided by the square root of the sum of the squares of the
uncertainties from both the reference and measured values (see Explanatory Note below). Use
absolute values for z-scores and interpret as:

|z-score| of 2 or less is acceptable (result in agreement with reference value)

|z-score| between 2 and 3 is questionable (result in questionable agreement with reference
value)

|z-score| of 3 or more is unacceptable (result in disagreement with reference value)

Results indicate successful re-verification for an element if at least two-thirds of the z-scores are
in the acceptable range and none are in the unacceptable range. Thus, when only 1 or 2 analytical
portions of a CRM or RM are analyzed, every z-score must be in the acceptable range. When 3
analytical portions are analyzed, at least 2 of the z-scores must be in the acceptable range and
one may be in the questionable range. For 4 or 5 portions, only one can be in the questionable
range, etc.

If successful re-verification is obtained, then extend the expiration date of the RM unit to one
year from the analysis date and document the elements for which the extension applies.

If re-verification is unsuccessful, then ensure method performance was satisfactory. Mistakes
such as data entry or calculation errors may need only correcting. Analytical problems may
require repairing equipment or obtaining new reagents. Unexplained findings may require
reanalysis. Repeated failure to re-verify may indicate a faulty RM or CRM unit.



Explanatory note about z-scores

A z-score® indicates how many standard deviations an observation is from the mean or reference
value. Use of a z-score to examine data quality is a standardized way to evaluate results and
provides an additional perspective besides that given by recoveries, which are based on reference
concentration values, or that given by precision, which is based on RSD of concentration
measurements. For this application, the z-score is defined as:

7= Xm X
(¢
where
Xm = measured analyte level
X. = isthe reference level
and
2 2
o= ‘/crm + 0
where

om = combined uncertainty (one sigma, corresponding to a confidence level of
approximately 67%) of the measured level
combined uncertainty (one sigma) of the accepted level.

When oy, is not determined for a measurement, it may be assigned based on experience.
This generally includes generating an uncertainty budget and using past performance
data.

Q
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Absolute values of z-scores of <2, between 2 and 3, and >3 are used as indications of agreement,
questionable agreement, or disagreement, respectively, between measured values and reference
values (i.e., certified or consensus values).

Example: The CRM reference value for an element is 45.7 + 8.3 mg/kg and the
CRM’s certificate states the uncertainty is at a 95% confidence level (i.e., two
sigma). The results of analysis of 3 analytical portions are 41.6, 33.4, and 51.1
mg/kg. The method is well-defined and has a LOQ for the element of 5.0 mg/kg
and the decision has been made to assign a 10% uncertainty (at the one sigma, or
67%, confidence) for values above LOQ.

Calculation of o

Uncertainty of accepted level: Half of the 95% CRM uncertainty provides
approximately one sigma uncertainty.

o.=83 mglkg+2=4.15 mg/kg

Uncertainty of measured level: Ten percent of the measured value.

o, =41.6 mg/kg x10% = 4.16 mg/kg



Summing the squares of these uncertainties and taking the square root of this
result provides o.

o= \](4.15 mg/kg) +(4.16 mg/kg) = 134.53 (mgfkg)’ = 5.876 mg/kg

Calculation of z

Using the measured analyte level, reference level and o, the z-score is calculated
according to the z-score equation.

Xn,—X. 4.6 mglkg-45.7mg/kg —-41mgkg

= =07
- 5.876 mg/ke 5.876 mg/ke

7=

The absolute value of the z-score for the RM result of 41.6 mg/kg is 0.7, which is
in the acceptable range.

The second RM result of 33.4 mg/kg has an absolute value z-score of 2.3, which is
in the questionable range.

The third RM result of 51.1 mg/kg has an absolute value z-score of 0.8, which is
in the acceptable range.

Since two z-scores are acceptable and none are unacceptable, the results as a
whole are considered to be in agreement with the certified value. The RM unit re-
verification is successful and the RM unit’s expiration date may be extended one
year from the date of analysis.

3.5.4 ORGANIZATIONS PROVIDING REFERENCE MATERIALS

(1) National Institute of Standards and Technology (NIST) (link removed)

(2) National Research Council of Canada (NRC) (link removed)

(3) Institute for Reference Materials and Measurements (IRMM) (link removed)
(4) European Reference Materials (ERM) (link removed)

[Partners: Institute for Reference Materials and Measurements (IRMM) of the
European Commission's Directorate General Joint Research Centre, Belgium;
Bundesanstalt fir Materialforschung und -priifung (BAM), Germany; LGC,
United Kingdom]

(5) National Institute for Environmental Studies (NIES) (link removed)
(6) International Atomic Energy Agency (IAEA) (link removed)
(7) Resource Technology Corporation (RTC) [USA Distributor] (link removed)



1)
(Note:

)
(Note:

3.5.5 COMPILATION OF SOURCES OF REFERENCE MATERIALS

Code d’Indexation des Matériaux de Référence (COMAR)
This location had a web link. Web links are not maintained in EAM archive files)

Virtual Institute for Reference Materials
This location had a web link. Web links are not maintained in EAM archive files)
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