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Summary—An experimental design is proposed for the verification of the accuracy and precision of an
analytical method by its application to certified reference materials.

The importance of certified reference materials,
CRMs, in analytical chemistry is widely accepted.
There are at least 130 producers of CRMs of all types
in the Western World alone.' If only compositional
CRMs such as ores, rocks and metal alléys are
considered, there are at least 39 producers, who
together offer approximately 250 reference ores, con-
centrates, rocks, soils and cements and over 2400
metal alloys.

CRMs are widely applied for quality control of
analytical data by their use for the direct calibration
of methods and instruments, verification of the pre-,
cision, accuracy and sensitivity of methods used in
control analyses, and the development and evaluation
of new or reference methods. In spite of this, no
general guidelines for the use of CRMs have been
published. To remedy this, REMCO, the Council -
Committee on Reference Materials of the Inter-
national Organization for Standardization, initiated
the preparation of such a guide in September 1983.

In the present paper we are not concerned with the-
appropriateness or the mechanics of the use of CRMs
for these applications, but only the statistical transfer
of the stated uncertainty in the certified value(s) and
the application of this uncertainty by the analyst.

The use of CRMs in the direct calibration of
methods and instruments has been studied by Oster
et al. (France)’ and by Mashiko et al. (Japan)* and is
currently being expanded by Eberhardt (U.S.A.) as .
contributions to the forthcoming REMCO guide.
The use of CRMs in the determination of precision
and accuracy and the sensitivity of methods, estab-
lished or new, may have greater significance for the
readers of analytical journals dedicated to the im-
provement of methodology. Most issues of such
Journals include one or more papers where CRMs are
applied in this manner. A comparison of such papers

*Crown copyrights reserved.
tThis experimental design has also been submltted by
CCRMP to REMCO.
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teadily shows that there is a variety of procedures for
validating a modified or new method by applying it
to CRMs. These vary from those based on statistical
concepts to those based on subjective considerations.
The latter approach has the potential danger that
after the assessment with a CRM "a user-analyst
striving for high accuracy and precision 'may have
doubts about his method that prove unfounded if
the uncertainty in the certified values is taken into
account.

To make analysts more aware of the concepts
behind the use of CRMs, the Canadian Certified
Reference Materials Project (CCRMP), on_the basis
of the experience of 13 years in the preparation of
reference ores and related materials,’ proposes the
following experimental design for the use of CRMs in
determination of the accuracy and precision of anal-
ytical methodst. The use of the proposed design
should of course, do away with subjectivity.:

Nature of CRMs

CRM s can be liquid, gaseous, or solid (as pure or
mixed powders or individual artifacts). Regardless of
their physical state, CRMs are packaged ‘either in
individually certified units or, more commonly, in
units which are all assumed to be representative of a
larger lot. In the latter case, the between-unit homo-
geneity is generally acceptable for all' but the most
exacting analytical purposes. Some CRMs however
cannot be made truly homogeneous; the use of such
materials will not be considered in this paper.

Certification

There are basically three types of analytical pro-
grammes for certification of a reference material. The
first is by interlaboratory consensus,® a minimum of
10 laboratories analysing in replicate one or more
units of the reference material for the elements of
interest. A one-way analysis of variance is performed
on the data. In one version of this programme the-
participating laboratories use the method of their
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choice. The following statistical parameters are then
usually reported on the certification document.

A, = the certified value for the content of an
element. A4, is usually the overall mean of
the results of the certification pro-
gramme (or the mean of the laboratory
means) but is sometimes some other
central value such as the geometric mean
or the median.

V{A.] = the variance of 4., a measure of pre-

cision of the estimate of the consensus

value. Alternatively, the precision may
be expressed in terms of a confidence
interval (usually 95%;, which means that
if the interlaboratory programme is re-
peated 100 times, it is expected that 95 of
the resultant consensus means will fall
within this confidence interval).

S. = the between-laboratories standard devi-
ation 'when each laboratory uses the
method of its choice.

S, = the within-laboratory standard deviation
when each laboratory uses ahe method of
its choice.

In the second version of the programme,. the
participating .- laboratories use the same well-
established widely-accepted analytical method. The
statistical parameters usually reported are A, V[A4.],
deﬁned as above, and o, and o,

= the between-laboratorles standard devxatxon
when all laboratoriés use the same method.

= the within-laboratory -standard deviation

when all laboratories use the same method.

Certification by interlaboratory consensus is the most
frequently encountered type of programme.

The second type of programme is met in certain
specialized fields where it is impossible or impractical
to arrive at a consensus value by a full inter-
laboratory programme. A small number of “expert”
laboratories analyse the candidaté reference material
and the certified value 4, is arrived at by ac(:eptmg
the consensus value or takmg into account “meth-
odological” considerations.” There is no formal sta-
tistical evaluation of the analytical results. The uncer-

tainty of the certified value of an element is based on

chemical considerations.

In the third type of bi’ogl‘amme the certnﬁcatlon is
done by a single laboratory using a definitive method,
i.e., a method that is based on first principles, has
high precision and for which the limits of uncertainty
can be stated with a high degree of confidence.'® In
addition to accepting that the definitive method is the
best available, the user assumes that the method is
applied without bias. This assumption is usually
made when the producer laboratory is a national or
industrial reference laboratory where “superior” re-
sources aie aviilable, or when the analysis involves a
certain “ast”, and specialized skill is required. The

R. SutarNO and H. F. STEGER

statistical parameters reported are 4. and o, of the
definitive method as performed by the “expert” certi-
fying laboratory. Some producers of reference ma--
terials also report an evaluation of any systematlc
error not included in o,.

Validation of analytical methods

The concept presented here, of using CRMs to
determine the precision and accuracy of an analytical

.method, rests on three basic premises. First, that the

certified value of an element in a reference material
is the best estimate of the true value. Second, when
tested with ‘a reference material certified by inter-
laboratory consensus, an analytical method is vali-
dated if the results are sufficiently precise and accu-
rate to qualify for inclusion in the calculation of the
statistical parameters for the interlaboratory pro-
gramme for the CRM. That is, in statistical terms,
they belong to the distribution used to characterize

" the CRM. Third, the relationship between the within-

laboratory and between-laboratories standard devi-
ation found to hold for reference materials certified
by interlaboratory consensus;, would also apply to a
reference material certified by an “expert” certifying
laboratory using a definitive method, if that material
were certified by interlaboratory consensus. This last
assumption, is necessary because very few users can
expect to achieve the same accuracy and precision'as ~
an “expert” certifying laboratory. In principle a
between-laboratories variation must exist for every
method.

Use of CRMs -

All analytical methods have inherent errors. Ran-
dom error is always present and may be accompanied
by systematic error (bias). It is therefore highly
unlikely that the result obtained by a method being
tested will be exactly the same as the certified value
of a CRM; an-acceptable tolerance limit must there-
fore be defirfed for each CRM. This limit will depend
partly on the mode of certification. The following
criteria ‘ar¢ proposed in assessing an analytical
method by applying it to a CRM.

Precision. Ani}analytiéal method is sufficiently pre-
cise if it produéé's'results for a CRM that are statis-
tically as precise as:the within-laboratory precision
stated in. the certification document.

Accuracy. -An analytical method is sufficiently ac-
curate if it produces results for a CRM that do not
differ from the certified value by more than can be
accounted for by within- and between-laboratory
statistical fluctuations.

GENERAL PROCEDURES FOR APPLYING AN
ANALYTICAL METHOD TO A CRM

Validation of the CRM

Before a CRM is used, the following should be
checked.
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Certificate—certified value, precision, method of
characterization, suggested sub-sample weight, and
expiration date of certification (particularly for a
relatively unstable CRM).

Visual check-—segregation,
quantity.

discoloration and

Analysis of the CRM

Perform replicate determinations (on separate sub-
samples) by the analytical method to be tested; »
should be at least 10. For a periodic check of
accuracy of an analytical method, duplicate analysis
on each occasion is sufficient, but the total number of
replicates should be at least 10.

Outliers

Use an outlier test such as the Dixon tesi to decide
whether any of the results may be regarded as
outliers. If an outlier is found, investigate possible
physical causes for it. If an excessive number of
results are found to be outliers and no physical cause
can be identified, reinvestigate the analytical pro-
cedure.

Mean and standard deviation

Compute the following statistics for the results
remaining after rejection of outliers.

X =% X,/n =mean
i=1

Sw

= estimated within-laboratory standard devi-
ation, ie., precision of the method
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Check of precision

This can only be performed if S, or 0., the
certified within-laboratory standard deviation, is
given in the certificate, otherwise the precision should
be judged by chemical considerations,

Compute

(S

and compare F with the value of Fo= Fygs.n_1.08,
(obtainable from any statistics book). If the number
of degrees of freedom DF, for the CRM certification
tests is not given in the certificate, use DF, = 60. If
F < F,. the analytical method is sufficiently precise; if
F > F,, the analytical method is not as precise as
those used for certification of the reference material.

Check of accuracy

If the between-laboratorics standard deviation S,
or oy, is reported for the CRM, i.e., it was certified
by interlaboratory consensus, then the tollowing test
should be used. It

! X - Ac I B8 7*"5( or l X - Ac I < 20'[,5

then the analytical method is sufficiently accurate.
Otherwise it is not considered to be as accurate as
those used by the laboratories participating in the
certification programme.

For reference materials certified by interlaboratory
consensus for which the between-laboratories stan-
dard deviation is not reported, or by a partial inter-
laboratory programme, or by interlaboratory con-
sensus on the basis of one widely-accepted method
that is not the same as the method being tested, or by

Table 1. Relation between the number of replicates (1) and the chance

(8) that an analytical method will be

accepted as valid, when the ratio

of its standard deviation to the within-laboratories standard deviation

of the CRM (at « = 0.05) is greater

than the tabulated value {calcu-

lated from data in Handbook of Tables of Probability and Statistics,

2nd. Ed., p. 299, CRC, C

leveland, Chio, 1968)

o =0.05
n—1 B=001 B=005 B =01 B =05
1 159.5 313 5.6 2.73
2 17.3 7.64 ©5.33 2.08
3 6.25 471 3.66 1.82
4 5.65 3.65 2.99 1.68
5 4.47 3.11 2.62 1.59
6 3.80 277 2.39 1.53
7 3.37 2.55 2.23 1.49
8 3.07 2.38 2.11 1.45 v
9 2.85 2.26 2.01 1.42 '
10 2.67 2.15 1.94 1.40
12 2.43 2.01 1.83 1.36
15 2.19 1.85 1.71 1.32
20 1.95 1.70 1.59 1.27 N
24 1.83 1.62 1.52 1.25
30 1.71 1.54 1.46 1.22
40 1.59 1.45 1.38 1.19
60 1.45 1.35 1.30 1.15
120 1.30 1.21 1.11

1.24
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Table 2. Permissible tolerance (2S,.) values and S1./S, ratios for CCRMP
reference materials

Certified . i

RM species A, SLe/Si 28,
CT-1 Tungsten, %, 1.04 1.3 0.066
BH-1 Tungsten, %, 0.422 1.6 0.0285
TLG-1 Tungsten, ¥ 0.083 2.0 0.0140
.BL-1 Uranium, % 0.022 1.2 0.0016
gli-g gramum, :/, 0.453 1.1 0.0137

- ranium,; % 1.02 0.9 0.024
gk-;t granium, ? 0.173 1.2 0.0099

- ranium, 7.09 1.0 0.152
CCU-1 Silver, ug/g. 139 36 15.3
CCU-1 Alumina, %, 0.247 1.1 0.0217
CCU-1 Gold, ug/g 7.5 1.8 1.05
CCU-1 Copper, %, T 2471 1.3 0.231
CCU-1 Mercury, ug/g - 61 2.0 7.8
CCU-1 Lead, % 0.106 2.1 0.0236
CCU-1 Silica, % 2.61 2.5 0.260
CCU-1 Zinc, % 3.22 2.6 0.173
CD-1 Antimony, % 3.57 2.3 «  0.152
CD-1 Arsenic, ¥ 0.66 2.3 0.66
CPB-1 Silver, pg/g (62,6 1.9 26.4
CPB-1 Alumina, % . 0.28 1.8 0.039
CPB-1 Arsenic, %, 0.056 1.5 0.0136
CPB-1 Bismuth, % 0.023 2.0 0.0040
CPB-1 . Cadmium, % 0.0143 1.5 0.0016
CPB-1 Copper, % 0.254 1.8 0.0167
CPB-1 Iron, % 8.43 2.5 0.251
CPB-1 Mercury, ug/g 5.15 1.4 159 °
CPB-1 Lead, % 64.74 2.2 0.586
CPB-1 Sulphur, % 17.8 2.2 0.41
CPB-1 - Antimony, % 0.36 2.4 0.045
CPB-1 Silica, % 0.74 1.7 0.109
CPB-1 Zinc, % 4.42 1.9 0.191
CZN-1 Silver, pg/g 93 2.4 10.2
CZN-1 Alumina, %, 0.25 2.2 0.043
CZN-1 “Arsenic, % 0.026 2.5 0.0089
CZN-1 Cadmijum, ¥, 0.132 1.7 0.0085
CZN-1 Copper, %, 0.144 22 0.0138
CZN-1 Iron, % , 1093 2.7 0.284
CZN-1 Mercury, ugle 43 23 1.9
CZN-1 Manganese, % 0.219 3.0 0.0258
CZN-1 Lead, % : 7.43 1.6 0.246
CZN-1 Sulphur, % 30.2 2:8 0.78
CZN-1 Antimony, %, 0.052 1.9 0.0081
CZN-1 Zinc, ¥, 44.74 22 0.573
DH-1A Thorium, %, 0.091 2.7 0.0101
DL-1A Uranium, % - 0.0116 1.2 0.0013
DL-1A Thorium, % 0.0076 2.0 0.0016
HV-1 Copper, %, 0.522 1.1 0.0201 -
HV-1 Molybdenum, %, 0.058 1.0 0.0047
KC-1 Lead, % 6.87 2.0 0222
KC-1 Copper. %, 0.112 2.1 0.0097
KC-1 Tin, % 0.67 3.2 0.700
KC-1 Silver, %, 0.112 22 0.0064
KC-1 Zinc, % 20.07 1.3 0.209
MA-1 Gold, oz /ton 0.519 0.7 0.0224
MA-2 Gold, 1.86 1.6 )
MP-1 Ti(r)l, %Mg/g 2.43 1.6 83‘1‘;‘
MP-1 Copper, % 2.09 2.3 0.113
MP-1 Lead, % 1.88 1.7 0.105
MP-1 Molybdenum, % 0.014 0.9 ~ 0.0028
MP-1 Indium, % : 0.069 1.7 0.0067
MP-1 Bismuth, % 0.024 1.9 0.0069
MP-1 Arsenic, % 0.77 26 0.080
MP-1 . Silver, ug/g 57.9 3.1 6.72
MP-1 Zinc, %, - 15.90 1.4 ..0.236
MP-1A Zinc, %, 19.02 1.7 0.417
MP-1A Tin, % - 1.28 2.6 0.137
MP-1A Copper, % 1.44 15 0.037
MP-1A Lead, % : 4.33 2.8 0.140
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Certified
RM species A, Sie/See AT
MP-1A Molybdenum, % 0.029 33 0.0044
MP-1A . Indium, % . 0.033 2.2 0.0042
ﬁg-}ﬁ )liismuth,t;/, 8332 ;? 0.0(7)82
. " Arsenic, i . 0.0
- MP-1A  Silver, pg/g 69.7 2.5 6.94
MP-2 Silver, ug/g 49 2.3 1.0
MP-2 Bismuth, %, 0.246 3.8 0.0210
MP-2 Molybdenum, % 0.281 35 0.0386
MP-2 Tungsten, % 0.65 33 0.070
MW-1 Iron, % €6.08 1.4 0.210
MW-1 Iron(1I), % 1.36 1.5 0.107
W gmel o p
- ilica, %, X .5 0.
MW-1 Lime, %, 0.053 1.2 0.0095
MW-1 Magnesia, %, 0.034 2.2 0.0079
MW-1 Phosphorus, % 0.011 2.4 0.0031
MW-1 Potassium, % 0.011 2.3 0.0024
D1 Lead % 275 o o
- ead, . . .
PD-1 Arsenic, %, 0.77 22 0.118
PD-1 Mercury, ug/g 389 2.0 66.6
PR-1 Molybdenum, %, 0.594 3.1 0.0450
PR-1 Bismuth, % 0.111 1.4 0.0102
PR-1 Iron, % 1.244 1.9 0.0522
PR-1 Sulphu;, % 0.793 2.6 0.0522
PTA-1 Platinum, oz/ton 0.089 0.2 0.0065
PTC-1 Palladium, oz/ton 0.37 0.3 0.073
PTC-1 Platinum, oz/ton 0.087 0.7 0.0194
PTC-1 Rhodium, oz/ton 0.018 1.2 0.0038
PTC-1* Gold, oz/ton 0.019 0.8 0.0083
. PTM-1 Gold, oz/ton 0.052 1.0 0.0131
PTM-1 Palladium, oz/ton 0.24 1.1 0.051
PTM-1 Platinum, oz/ton 0.17 0.9 0.023
RU-1 Zinc, % 2.24 2.4 0.084
RU-1 Copper, % 0.85 1.8 0.035
RU-1 Iron, % 24.40 2.2 0.322
RU-1 Sulphur, % 21.71 2.5 0.454
- SL-1 Silica, % 35.73 1.7 0.466 ;
SL-1 Lime, % 37.48 2.5 0.773
SL-1 ‘Magnesia, % 1227 24 0.686
S weny 072 s o6
- ron, % . . X
SUA Comper 5 037 17 oos
SU-1 Nickel, // 151 1.1 0.053
SU-1A Nickel, % 1.233 1.8 0.0327
SU-1A Copper, % 0.967 1.3 0.0224
SU-1A Cobalt, % 0.041: 1.3 0.0039
SU-1A Platinum, ug/g 0.41 1.9 0.148
v 23}2 Is’filladium/, uglg g.g?l 1.;7 8(7)22
- itver, ug/g L 1. k .
TAN-1 Tantalum 0.236 1.1 0.0217
UM-1 Copper, % - 0.43 1.7 0.021
UM-1 Nickel, % 0.88 1.5 0.038
UM-1 Cobalt, % 0.035 1.9 0.0039
SCH-1 Iron, %, 60.73 2.2 0.396
SCH-1 Silicon, %, 3.78 2.0 0.173
SCH-1 + Aluminium, % 0.509 1.6 0.0390
SCH-1 Calcium, % 0.029 2.9 0.0097
SCH-1 Magnesium, % 0.020 1.9 0.0053
SCH-1 Manganese, % 0.777 1.9 0.0377
SCH-1 Titanium, % 0.031 1.7 0.0072
SCH-1 Sulphur, % 0.007 2.0 0.0026
SCH-1 Phosphorus, %, 0.054 1.2 0.0102
SCH-1 Sodium, % 0.019 2.6 0.0090
Potassium, % 0.026 2.6 0.0096




one “expert” laboratory using a definitive method,
the following test is suggested, If

| X —4.| <ls,
"tnen the analytical method bein\g tested is sufficiently
accurate.

STATISTICAL JUSTIFICATION

A significance level of a =0.05 is used for all
~ statistical tests.

Number of replicate determinations, n

The number of replicate determinations to be -

‘performed directly affects the precision of the esti-
mate of the within-laboratory precision, Sy . Table 1
shows the relation between » and the maximum ratio
of the standard deviation of the analytical method
and the within-laboratories standard deviation for
the CRM, Sy/S., at various values of f, and
o = 0.05, B being the probability that the method will
be accepted if the standard deviation is greater than
the ratio times the certified value of S,.. For example,
at - =0.05 for n = 10, if the analytical method has
passed the appropriate F-test, there is no more than

a'5% chance that it has a standard deviation in excess

of 2.26S,.
CRMs fér which S, is reported

There are two factors to consider: the uncertainty
of the certified value and the uncertainty of the
analytical method. The following formula can be
used as the criterion for acceptance.

|\ X - Al <2/ol+0b )

where o2 is the uncertainty associated with the
certified value and ¢ is the uncertainty associated
with the -analytical method being examined. The
factor 2 is. an approximation for the fractile of
Student’s t-distribution for 959 probability. This
assumption, although somewhat crude, has been
widely accepted .and used in various ISO standard
methods. The value of o2 depends on the method of
certification of the reference material. )

For certification by interlaboratory consensus
from use of several methods: '

ot =(Si + S%/n)/N. @

For certification by mterlaboratory consensus by
use of one method:

ot = (0%, + o%/n)/N, )]

where N, is the number of laboratories which pro-
duced results used in certification of the reference
material, and », is the average number of replicate
determinations performed by each. participating lab-
oratory for the certification programme. For most
certifications by interlaboratory consensus, N, is usu-
ally > 10, so ¢ is small enough in relation to aD to
be neglected and then

R. SutarNO and H. F. STEGER

cy=0}+Sk/m or Si +Si/n
depending on the type of CRM -used. For n = 10,

S%/n becomes small and equation (1) can be
simplified to

| X — 4, <28, or |X—A.|<2%, @

CRMs for which S, is not available

Experience in interlaboratory consensus pro-
grammes based on use of one method, by ISO
Technical Committee 102 on iron ores, shows that an
analytical method is considered to be well standard-
ized if o, /06,. < 2. On this basis, S, can be replaced
by 20, and the criterion for acceptance is:

I‘Y_Acl <4arc (5)

Table 2 rep;orts the value of S, /S, for 135 elements

and constituents that have been certified by CCRMP
by interlaboratory consensus based on use of multiple
methods. Of these, 77 show S|./S, < 2.0 and all but
22 show S,./S,. or o./0,. < 2.5. These data suggest
that the criterion S,./S,. or o\, /6, < 2.0 is too harsh
for most interlaboratory consensus programmes, but
nevertheless is reasonable, particularly in view of the
fact that some estimate of the between-laboratories
standard deviation is required before the CRM can

‘be used for validation of an analytical method. On

this premise, S, can be replaced by 2S,. and the
criterion for acceptance becomes:

| X — 4,| <485, )

An analytical method can be verified for accuracy
by use of equation (5) or (6) provided the value of o,
or S for the CRM is reported. We propose, however,
that the accuracy of the method can equally well be
judged by:

X —A.| <4Sy M

if the precision of the method can be verified as stated
above, ie., '
2 2
Fy>F= % or %
in which case 4Sy is statistically equal to 4o, or 4S,,
i.e., the upper limit of | ¥ — A, | for acceptance of the
method is not significantly raised. The advantage in
the use of equation (7) is that, to be accepted, a
method with higher precision must also have greater
accuracy, i.e., give a lower value of | ¥ — 4. |, than
would be necessary if equatxon (5) or (6) were used
as criterion.

In use of CRMs for whlch o, or S, is not reported,
we propose the use of equation (7) to test accuracy.
The acceptability of the value of S\, must be decided
by the analyst on chemical grounds.

EXAMPLES OF USE OF CRMs

Table 3 summarizes the resuits of the validation of
some analytical »methods by their application to some
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Table 3. Validation of analytical methods

CRM DL-1a SU-1a SCH-1 BL-2a
Element Th Co Na ) U
Certification Interlaboratory, Interlaboratory, Interlaboratory, Definitive method,
multiple methods multiple methods single method volumetric umpire
A, 0.0076% 0.041%; 0.0186%, 0.426%,
Sties Oxc 0.0008 0.0020 0.0045 —
> O 0.0004 0.0013 0.0017 0.0015
Method Colorimetry Atomic-absorption Same as above Neutron activation
X 0.0080%, - 0.0474% . 0.0201% 0.423%,
n 10 i 10 10 45
-Sw : 0.06005 0.0005 0.0006 0.0033
Precision check F=1.563 F=0.148 F =0.125 F=484
Foosseo=2.04 F 0.959.60 = 2.04 Foosoen =204 Foosaaa=1.88
—accepted —accepted —accepted -—failed
Accuracy check
| X — A | 0.0004 0.0064 0.0015 0.003
28;. or 20y or 4Sy 25, =0.0016 28, = 0.0040 20, = 0.0090 4S8y =0.013
—accepted —failed —accepted —accepted

CRMs from the CCRMP. The examples are taken
from CCRMP certification programmes. For DL-
12,2 SU-1a** and SCH-1," tife method illustrated was
used by one laboratory participating in the inter-
laboratory programme. In all three instances, the
method is capable of acceptable precision in com-
parison with the overall results of the interlaboratory
programme. The atomic-absorption method used to
determine cobalt in SU-la, as used by a particular
laboratory, does not give acceptable accuracy. Indeed
the results from this laboratory were designated as
outliers and rejected for use in the interlaboratory
programme.

BL-2a'5 was certified for uranium content solely on
the basis of the results obtained by the volumetric
umpire method. performed at the Canada Centre for
Mineral and Energy Technology. The neutron-
activation method being validated was applied by a
commercial laboratory to confirm the between-unit
homogeneity of BL-2a. A precision check for this
type of CRM is not recommended -but has been
performed for illustrative purposes. A definitive
method is sufficiently precise for almost all other
methods to fail the precision check. The acceptance
of the accuracy is contingent on -a value of
Sw =0.0033 being acceptable to the experimenter.

Caveat

For certain reference ‘materials internationally
available, .no certified values are given, and only
“best” or “usable” values are supplied, for which
uncertainties are not geported. These values are often
based on very few results or on results in relatively
poor agreement. The reference rocks available from

N n

00 ~3

many sources are a typical example. The validation
of the accuracy of an analytical method, by use of
such reference materials and the experimental design
proposed here, should be performed with caution,
and only for elements and constituents for which the
reported value, V, is well defined. The criterion of
accuracy is then, of course, | X -V|<4Sy.
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