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Abstract The NIST program for environmental Standard

Reference Materials (SRM) includes materials covering a

range of matrices, mass fraction values and analytes. For

many SRMs, mass fraction data are accumulated, inci-

dentally, over time, as these are used routinely for quality

assurance purposes. Although these are not formal stability

studies, data generated may be useful in assessing stability.

To evaluate the potential for assessing material stability

from incidental use of SRMs, results of neutron activation

analysis performed from 1992 through 2008 were compiled

for SRM 1547 Peach Leaves and SRM 1566a Oyster Tis-

sue. Results indicate that incidental use of SRMs yields

useful information on SRM stability.

Keywords Certified Reference Material � Element

analysis � Neutron activation analysis � Oyster tissue �
Peach leaves � Stability

Introduction

NIST provides a wide variety of Standard Reference Mate-

rials (SRMs) that are certified for chemical composition or

element content. Production and certification of SRMs

are covered by the scope of the NIST Quality System

(http://ts.nist.gov/qualitysystem/) which conforms with

International Standards Organization (ISO/IEC) Guide

17025[1] and relevant portions of ISO/IEC Guide 34[2].

Therefore, the concept of assuring material stability is

considered throughout the entire lifetime of the SRM.

Methods of material acquisition, processing and packaging

are designed to help assure material stability. After produc-

tion, the recommended material handling and storage con-

ditions are intended to preserve the material and the final

product is monitored to evaluate stability during the SRM

shelf life.

ISO Guide 30[3] defines stability as the ‘‘ability of a

reference material, when stored under specified conditions,

to maintain a stated property value within specified limits

for a specified period of time.’’ ISO/IEC Guide 35[4] fur-

ther distinguishes between short- and long-term stability,

referring to times and conditions for shipping the material

in the former case and times and conditions for storage

over the material shelf-life in the latter case. The classically

designed long-term stability study involves measurement

of selected samples, over time and relevant storage con-

ditions following a statistical design. This rigorous

approach is essential for the evaluation of new matrices and

materials of unknown stability. However, a large amount of

data is generated during routine use of SRMs and these

may provide adequate evidence of material stability.

This work presents an evaluation of the stability of two

freeze-dried, irradiation-sterilized, environmental reference

materials, SRM 1547 Peach Leaves and SRM 1566a Oyster

Tissue. These SRMs were collected, prepared and stored

using techniques and conditions previously demonstrated

to provide stability for the prescribed shelf life for the

elements of interest (see, e.g., Anderson and Cunningham

[5]). In each case, experience with nearly identical matrices

justified the methods used for material preparation and

storage. SRM 1547 Peach Leaves is one of a series of

botanical SRMs, and SRM 1566a Oyster Tissue was the

replacement material for SRM 1566 Oyster Tissue. This

present evaluation was undertaken to determine whether
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the incidental use of these SRMs as routine quality control

materials provides sufficient evidence of the stability of

these two SRMs, and whether those results may be used to

justify expiry dates for similar materials prepared and

stored under the same conditions.

Experimental

Instrumental neutron activation analysis (INAA), radio-

chemical neutron activation analysis (RNAA) and prompt

gamma-ray activation analysis (PGAA) were performed

using comparator methods. For each technique, element

standards prepared from chemicals or solutions containing

known amounts of each element of interest were used.

As this work compares results acquired over the past

10–16 years, the details of each analysis, for a given

technique, necessarily differed as new element standards

were used for each analysis, irradiation times may have

differed, and detection systems differed as older systems

were replaced with newer ones.

The following references describe the general methods

or instruments. A description of the PGAA instrument and

general analytical procedures used for analyses performed

prior to 2003 has been published elsewhere [6]. Descrip-

tions of the newer PGAA instrument [7] and procedures [8]

used for PGAA experiments performed after 2003 have

also been published elsewhere. Although specific details

such as irradiation and decay times, and detection systems

vary for the different individual analyses performed over

the years, the typical INAA scheme used at NIST for multi-

element analysis using the comparator method has been

described by Greenberg et al. [9]. The RNAA procedure

used for a subset of the results presented for As, Cd, Cu, Cr

and Se has been described by Greenberg [10]. Note that

bottles of these SRMs were stored in the laboratory on the

shelf at room temperature and that any given bottle of SRM

may have been used multiple times. For each analysis the

dry mass basis was determined on one or more separate

portions of the SRM from the same bottle(s) at the time of

use, by following the instructions for drying given on the

Certificates of Analysis [11, 12].

Results and discussion

Results from analyses of SRM 1547 and SRM 1566a per-

formed during the past 16 years were evaluated using two

criteria. The first of these criteria, described in Eq. 1,

determines whether each individual value deviates from the

certified value. Measured values, Xm, were reported with

uncertainties (Um) that over the years were calculated using

different approaches, typically either a value representing a

95% confidence interval or an expanded uncertainty U with

a k value of 2, calculated according to Taylor and Kuyatt

[13]. This stability evaluation is based on comparison of

the measured value (Xm) and its reported uncertainty (Um)

with the certified value, Xc with its uncertainty, Uc,

described on the Certificates of Analysis:[11, 12]

Xc � Ucð Þ\ Xm � Umð Þ\ Xc þ Ucð Þ ð1Þ

As non-certified or information values are not accompanied

by uncertainties, no statistical evaluation was possible, so

comparison with information values was based on agree-

ment to one significant figure.

The second criterion follows the recommendations of

ISO Guide 35 Appendix B [4], and determines whether any

significant linear trend has been observed. This evaluation,

described in Eq. 2, compares the absolute value of the

slope, b, of the linear regression line, with the error in the

slope (sb) multiplied by the ‘‘t’’ value for a two-tailed

distribution, at the 95% confidence level (see ISO Guide 35

Appendix B for a complete description of this model):

bj j\ t:n�2;95%sb ð2Þ

Ratios of measured values to certified or information val-

ues were also calculated. Average values for each element

in each material were evaluated to determine if there were

consistently low or high biases for either material that

might indicate changes in the mass basis.

Evaluated data included 41 individual results for 15

elements in SRM 1547 and 166 individual results for 29

elements in SRM 1566a. The elements covered mass

fraction ranges from a few 0.01 mg/kg to several 0.1% and

covered wide differences in potential for volatility and

chemical speciation. Data were evaluated to determine

whether any deviations from certified values were observed

and where sufficient data existed, to determine whether

there were any trends as a function of time. Only elements

for which three or more results were available were

included for temporal trend analysis. Results of these

evaluations for SRMs 1547 and 1566a are shown in

Tables 1 and 2, respectively.

For SRM 1547, data for seven elements (As, B, Cd, Cl,

Cr, Cu and Se) obtained from measurements performed

from 1992 through 2008 were evaluated for trends. As

these data were collected from incidental use of SRMs

rather than from a formal stability study, the ranges of

years covered differed for each element (see Table 1). For

SRM 1566a a larger data set was available with data for 29

elements determined at various times between 1996 and

2007 evaluated. Again, the range of years covered differs

for each element and is shown in Table 2.

Results for SRM 1547 showed no significant linear

trends over time for the seven elements for which there was

sufficient data to evaluate trends. In all cases values for
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t95%
. sb were greater than the values for the slopes; and

although all slopes were insignificant they were roughly

equally split between positive and negative values. The |b|

value for Cl was approximately equal to the tn–2,95%
. sb value

so this element will be closely monitored to determine

whether a trend is developing.

Results for these seven elements and for an additional

eight elements (for which only one or two measurement

results were available) were evaluated to determine whe-

ther any differences from certified values have been

detected. For 39 of 41 measured mass fraction values,

results agreed with the certified or information values

within the stated uncertainties. The exceptions were one

value (of five) for Cl, and one value of two for S. The value

for S (0.320 ± 0.006)% was higher than the information

value of 0.2%. The Cl value [(330 ± 10) mg/kg] was lower

than the certified value [(360 ± 19) mg/kg] and was also

the most recent determination (this value was reported in

2005). The mass fraction of Cl in this material will be

closely monitored to determine whether this one value for

Cl is significant and if so, whether the lower value indicates

any trend. The ratio of measured values to certified values

shows no overall trend (four values were \1.0, seven

values [1.0) and the overall average for the eleven certi-

fied elements was 1.015. These results indicate that, to

date, no significant trends have been observed in 11 of 24

certified or in 4 of 19 information values.

Results of data evaluation for SRM 1566a are summa-

rized in Table 2. Of the 166 individual values evaluated, all

but four agreed with the certified values within the stated

uncertainties, or with non-certified information values (to

one significant figure). The exceptions were: one low value

(of one) for Ce, one low value (of nine) for Cl, one low

value (of three) for Sc and one high value (of nine) for V.

The one low Cl value (8,050 ± 80) mg/kg, compared with

a certified value of (8,290 ± 140) mg/kg was obtained in

2000, and subsequent results obtained in 2000 and 2002

were not low. It is possible that this low value was erro-

neous or that the uncertainty reported (1% relative) was not

an accurate estimate of the total expanded uncertainty (U).

An increase in the reported U value from 1% relative to

1.25% relative would result in a value that would overlap

the range defined by the certified value.

Similarly, the cause of the high value for V

(4.95 ± 0.09) mg/kg (compared with a certified value of

4.68 ± 0.15 mg/kg) is not known, but a small increase in

the U value from 1.8% relative to 2.4% relative would

provide overlap with the range defined by the certified

value. The cause of the low value for Ce (0.2 mg/kg

compared with the information value of 0.4 mg/kg) is not

known, and this element is not determined routinely, so

there are no other values with which to compare this result.

The cause for the low Sc value (0.051 ± 0.001) mg/kg,

compared with an information value of 0.06 mg/kg is also

not known, as previous results (0.061 ± 0.002) mg/kg and

(0.055 ± 0.004) mg/kg, are consistent with the information

value. No overall trend is suggested by any of the four

values that represent only 2.4% of the 166 values that were

part of this evaluation.

Results for 19 of the elements in SRM 1566a were

evaluated as a function of time. The slopes were insignif-

icant for all elements investigated, and there were roughly

the same number of positive and negative slopes. These

data provide verification of material stability (within stated

uncertainties) for 20 of 25 certified values and for 9 of 16

non-certified (information) values. SRM 1566a is no longer

available at NIST; it has been replaced by SRM 1566b,

prepared and stored in the same manner. However, evi-

dence on the stability of SRM 1566a provides justification

for assigning similar expiry dates for SRMs of similar

matrices prepared and stored in the same manner.

Conclusions

Results from analyses of SRM 1547 Peach Leaves provide

evidence for the stability of representative elements over a

10-year period for botanical SRMs prepared from dried

leaves, that have been prepared by air jet-milling, blending

and radiation sterilization and that have been stored at

room temperature. Similarly, results for SRM 1566a pro-

vide evidence for stability of this matrix type (also, dried,

air jet-milled, blended and radiation sterilized, and stored at

room temperature) for most or all elements of interest for

nearly 20 years. Although all natural matrix SRMs will

continue to be monitored for stability, the use of 10-year

expiration dates for these materials under these conditions

appears justified based on these results.
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