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Standard Practice for

Determination of a Pooled Limit of Quantitation  *!

This standard is issued under the fixed designation D 6259; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilonef indicates an editorial change since the last revision or reapproval.

1. Scope 4. Summary of Practice

1.1 This practice covers the determination of a lower 4.1 Determine the standard deviation of a test result, under
guantitative limit for a test method for an analyte. Therepeatability conditions, at progressively higher levels of the
determined lower limit is herinafter referred to as fh@oled  analyte until the ratio of measured level to standard deviation
limit of quantitation becomes greater than ten and remains so.

1.2 Applicable test methods will produce test results greater
than zero. Examples are those test methods that measure Significance and Use

sample composition. 5.1 In a single laboratory, the limit of quantitation, LOQ,
equal to ten standard deviations has been recommeiilazht
2. Referenced Documents result at this LOQ has an uncertainty &30 % at the 99 %
2.1 ASTM Standards: confidence level. Similarly here, as a general estimate, the
E 456 Terminology Relating to Quality and Statisfics PLOQ, equal to ten repeatability standard deviations is recom-
E 691 Practice for Conducting an Interlaboratory Study tomended. A test result at this PLOQ has an uncertainty of
Determine the Precision of a Test Metod +30 % at the 99 % confidence level.
) 5.2 Values below the PLOQ are deemed to be too uncertain
3. Terminology for meaningful use in commerce, or in regulatory activities.
3.1 Definitions: 5.3 Many test methods never find application outside their

3.1.1 pooled limit of quantitationn—level of property or PLOQ. However, in the quest for ever more sensitive proce-
concentration of analyte above which quantitative test resultdures, it can become difficult to distinguish an analytical
can be obtained with a specified degree of confidence. Seaesponse from background noise with the technology at hand.
3.2.1 for acronym. Test methods defective in design or poorly executed may also

3.1.2 repeatability conditionsn—conditions under which function outside their PLOQ.
test results are obtained with the same test method in the same
laboratory by the same operator with the same equipment in té Procedure
shortest practical period of time using test units or test 6.1 Make the preparations outlined in 6.2, then carry out one
specimens taken at random from a single quantity of materiabf the procedures described in 6.3.
that is as nearly homogeneous as possible (see 10.3 of Practice5.2 Preparations
E 691.) 6.2.1 Select Test LevelsDecide the objective of the test

Note 1—Thesame operator, same equipmeatjuirement means that method, the range of typical samples .It is expected 1o cover.
for a particular step in the measurement process the same combination %llame a set of test levels covering this range a“?' spaced to
operator and equipment is used for every test result. Thus, one operatBfacket the PLOQ. In some cases, the PLOQ will be well
may prepare the test specimens, a second measure the dimensions, aff@edow the useful range. Then, it is only necessary to determine
third measure the mass in a test method for measuring density. aless thanvalue.

Note 2—ByY in the shortest practical period of tims meant that the o )
test results, at least for one material, are obtained in a time period not lessNoTe 3—Mean and standard deviation data from experienced labora-
than in normal testing and not so long as to permit significant change ifories, archived research reports, and known limitations of the test method
test material, equipment, or environment. See Terminology E 456.  OF €quipment can give a preliminary notion of the PLOQ. An LOQ can be
estimated in a single laboratory.

6.2.2 Select Sample MaterialsNormally, use sample ma-
terials that are typical of those to which the test method is
applied. In special cases, the method of standard additions

3.2 Acronyms:Acronym
3.2.1 PLOQ n—pooled limit of quantitation.

1 This practice is under the jurisdiction of Committee D02 on Petroleum Products
and Lubricants and is the direct responsibility of Subcommittee D02.94 on Quality
Assurance and Statistics. -
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TABLE 1 Interlaboratory Study Examples 6.3.1 Interlaboratory—Conduct the interlaboratory study to
Within Laboratories _ Standard determine precision in a normal fashion making sure that
Sample  Mean  smndad | Degreesof o0 pean/standar appropriate samples are included. Proceed to the calculation
Deviation Freedom steps (Section 7).
s8* 110.0 44.72 10 25 6.3.2 One Laboratory
st 640.0 100.0 10 6.4 6.3.2.1 Select an initial sample. This initial sample and a
s34 870.0 89.44 10 9.7 d le (6.2.3) should b | d to brack
36 1180 94.87 10 124 second sample (6.2.3) should be selected to bracket an ex-
s2 1272 78.17 9 16.3 pected LOQ broadly.
s7 2505 136.0 10 18.4 6.3.2.2 Run the entire test method on seven aliquots and
o S e ¥ 253 calculate mean, standard deviation, and the ratio mean/standard
S5 3338 112.4 10 29.6 Ul : viation, :
“Ratio of mean to standard deviation is less than ten and is, therefore, lower deviation. )
than the PLOQ. 6.3.2.3 Select a second sample and repeat the determina-
tions and calculations.
TABLE 2 Abbreviated Example—One Laboratory 6.3.2.4 Repeat 6.3.2.1-6.3.2.3 and, for example by a binary
Run\Sample A Blank _ ABlnk]l B Blank _ B-Blank ;earch process, converge on the LOQ. Exceptional sifcuations
1 200 0 790 1050 2 1030 include those where cases of pract!cal interest are either all
2 900 5 895 1250 20 1230 above or all below the LOQ as evidenced by the mean to
3 900 10 890 1250 5 1245 standard deviation ratios.
. o 0 59 o 0 by 6.4 An LOQ should be redetermined when there are sub-
6 950 20 930 1100 10 1090 stantive changes in the operator experience level, test method,
7 1000 5 995 1150 5 1145 instrumentation, or the sample types to which it is deemed
oean 864.3 1764 applicable, and another interlaboratory study becomes neces-
Deviation 87.29 94.06 sary.
Ratio Mean/ - -
Standard 9.94 12.5 7. Calculation
Deviation

ARatio of the mean of sample A to its standard deviation is less than ten and is, . 7.1 . Arrange .the means and correspondlng standard devia-
therefore, lower than the LOQ. tions in ascending order of the mean.
7.2 Divide each mean by the corresponding standard devia-
tion to obtain a ratio.

(spiking) can be necessary to achieve the selected test levels.”-3 The level at which these ratios becomes greater than ten

Synthetic blends may be required because of cost or othénd remains so is the PLOQ. A more precise value may be
practical considerations. obtained by regression but not by extrapolation.

6.2.2.1 Plan to determine the PLOQ of each important te . :
result of a multicomponent test. The PLOQs are not additivj.é' Reporting Low-level Data i
6.2.3 Select Number of LaboratoriesDetermine the 8.1 Should atest result be reported that is below the PLOQ,
PLOQ with the precision during an interlaboratory study sodivé the PLOQ in parentheses after the data, for example,

that it will tend to be representative of industry wide experi-chlorine content = 110 mg/kg (PLOQ=1000 mg/kg).
ence. 8.2 A statement about the PLOQ should appear in the test

method as a footnote to the Scope.
Note 4—Just as it is possible to obtain a preliminary estimate of test

method repeatability by performing a study in one laboratory, so it isQ. Examples

possible to estimate the LOQ of the test method in one laboratory. 9.1 Examples from an interlaboratory study are provided in

6.2.4 Determine Number of Runs Per Samplé a blank  Taple 1.
measurement is required to calculate the measured level of9.1.1 The PLOQ itself might be estimated at 1000 mg/kg.
analyte, the analysf[ must obtain a separate blank measuremefy|es similar to Table 1 are generated by the D-2 computer
for each sample aliquot analyzed. software prograr.

Note 5—At least six degrees of freedom are required. When a 9.2 St!de in One LaboratQFY'The abbreviated example in
precision study is done, the relevant standard deviation is the repeatabilitfable 2 illustrates one possible way to tabulate the data.
standard deviation. The number of degrees of freedom here equals the 9.2.1 It would seem that the LOQ is at or above the level of
number of participating laboratories times the number of repetitions lesSample A. Nevertheless, it is recommended that at least

one by each laboratory. When one laboratory is used, the relevant standaég]other sample at a lower level be run to make sure this is not
deviation is that obtained by repeating the test seven or more times ogn outlier

portions of one sample.
6.3 Continue with 6.3.1. However, since the PLOQ depend40. Keywords

on the attainable precision, there can be cases where ajg 1 |imit of quantitation; pooled limit of quantitation
laboratory-specific precision and LOQ are needed by an

individual laboratory for a special purpose. If the decision is
made to determine the LOQ Ina Smgle Iaboratory, proceed to 4 Calculation of Precision Data: Petroleum Test Methods Software Program
6.3.2. (D2PP), release 2.0. Available from ASTM. Requeﬂone:uqzn)gnts
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