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Approaches to certification of substances as reference standards (RSs) by the mass-balance method and the re-
strictions that must be considered when using this method are considered. Formulas for estimating the uncer-
tainty of certified values are presented. Also, formulas missing from the literature are given to assess a) the un-
certainty in the contents of organic impurities obtained by normalization of peak areas (heights) with correc-
tion factors and b) the uncertainty in the detection limits of the organic impurities. Recommendations for cor-
rect certification of reference standards by the mass-balance method are provided.
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macy.

Certification of pharmaceutical reference standards (RSs) has been the focus of comparatively few publications. The most
important recommendations for certification of RSs intended for drug substance and preparation quality control are given in the
European pharmacopoeia [1] and the B. A. H. validation guideline [2]. Recommendations for certification of RSs are also given
in the literature [3 — 7, 9 — 12] and in the USA pharmacopeia, where section <11> “USP Reference Standards” is included [8].
However, it considers only USP RSs. Recommendations for RS certification also appear in GOST national regulations, RMG,
and ISO [13 — 16]. These regulations provide for a complex of special expensive interlaboratory investigations for RS certifica-
tion. Such studies in pharmacopoeial analysis are difficult not only to finance but also to organize at a sufficient number of ac-
credited laboratories. It is noteworthy that they contain requirements that are too strict for RS certification and, as a rule, exces-
sive for RS certification in a pharmacy. Guideline R 50.2.058-2007 GSI [17] for estimating the uncertainties of certified RS
compounds and materials can be viewed as a supplement to RMG 93-2009 GSI [15] because the estimation of uncertainties of

certified RS compounds and materials is discussed in more detail in it.
Three methods are used most often for RS certification, i.e., 1) RS certification as secondary RSs using primary (usually

pharmacopoeial) RSs; 2) RS certification by mass balance; and 3) RS certification by titration.
The mass-balance method is especially interesting because the European Pharmacopoeia considers it to be the main method

for RS certification [1]. A series of studies in which the mass-balance method was used to certify drugs as RSs have now been
published [18 — 27]. They and other publications [2, 9 — 12] present various formulas for calculating the content of main ingredi-
ent in the RS and for estimating the uncertainty of the RS certified value. This complicates the choice of required formulas and
the estimate of the adequacy of the completed studies. Limitations that must be considered when using the mass-balance method
to certify RSs are not discussed in any of the publications. These factors could lead to incomplete or even incorrect RS certifica-
tion.
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The goals of the present article were to examine the main approaches to RS certification by the mass-balance method and the
required formulas, to identify the limitations when using the mass-balance method, and to give recommendations for increasing
the reliability of the RS assigned values.

General information

The current classification of RSs that considers their specifics has been published [7]. The documentation required to certify
drug substances as RSs was discussed in detail [1, 2, 7]. As a rule, a series of substance from batches with the lowest content of
organic impurities that satisfies the specifications for all parameters is selected in practice to certify a substance as a RS. At least
five samples are taken from the selected batch of substance and analyzed [28]. The content of main ingredient in the certified
substance sample is calculated as required. The value calculated by mass balance and that obtained by a direct method (titration)
are checked for equivalency. The sample is assigned the certified value and its uncertainty is calculated. It is noteworthy that the
content of main ingredient in the RS is given without recalculating for dry substance, i.e., “as it is”, in contrast with substances.
As arule, drying (moisture removal) under defined conditions before use in analyses is provided for hygroscopic RSs. The certi-
fied value is assigned to the dry RS [1, 8].

1. Calculation of the RS certified value by the mass-balance method

The mass-balance method is based on the law of the conservation of mass and consists of the following. The contents of all
impurities (organics, H,O, residual solvents, inorganic impurities) are substracted from 100% to give the certified value for the
content of main ingredient in the RS (P, ). This produces the content of main ingredient “as it is”, i.e., as it is in percent:

PAtt =100 - XRelSub - XW - XR - ‘XInogSub’ (1)
where X . is the content of organic impurities (as a rule, determined by chromatography using internal normalization of peak

areas with correction factors); X, water content (by Fisher); X}, content of residual organic solvents (by GC); and X; con-
tent of inorganic impurities. All X, are averages (%) of at least five samples of certified substance.
An alternate formula is used in the literature [2, and many others] to calculate the content of main ingredient by the

mass-balance method:

nogSub’

1OO_)(W _XR _RlnogSub

Ppy =P, 100 > 2

where P is the average content of main ingredient in the certified substance determined by normalization of peak areas (heights)
with correction factors. Sometimes, the chromatographic purity of peaks, i.e., normalization without correction factors, is used
as P_. However, such an approach carries a high risk of incorrect RS certification. Therefore, additional methods such as differ-
ential scanning calorimetry (DSC) and NMR must be utilized. Then, the certified RS value is presented as the average content of
main ingredient in the RS from chromatographic and other methods [24].

In practice, all terms in Eqgs. (1) and (2) do not have to be considered to certify RSs in most instances. The content of inor-
ganic impurities XInOgSub can most often be ignored [2]. Furthermore, the content of organic solvents and/or H,O can also be dis-
regarded from a practical viewpoint if they contribute less than 0.05 or 0.1% to the total. Correspondingly, the contributions of
such terms to the uncertainty of the certified value can be neglected. This contracts considerably the volume of work and finan-
cial expense of RS certification.

Equation (1) should theoretically give the most accurate P, value for identical impurity contents. However, the calculations
showed that the difference in the results obtained using Eqgs. (1) and (2) was insignificant and less than 0.1% if the content of or-
ganic impurities X, o . < 1.0% and the total contents of H,O (including water of crystallization) and residual organic solvents
X+ X, £10.0% or X o < 2% and X, + X, < 5%, i.e., this difference can in most instances be neglected. The exceptions are
substances such as crystal hydrates and solvates and hygroscopic substances. If Eq. (2) is used to certify them as RSs, then the
content of main ingredient should be calculated first using Egs. (1) and (2) and the difference between results should be con-
firmed to be <0.1%. Otherwise, use of Eq. (2) is not recommended.

The mass-balance method with a strict theoretical basis has an important advantage over other methods for certifying RSs.
The content of main ingredient in a RS, P, , a priori can never exceed 100% for certification of substances by the mass-balance
method. Therefore, the unpleasant situations that are sometimes encountered with other methods for certifying RSs, when it
turns out that P, if formally greater than 100% although this is physically impossible, cannot occur. In such instances, either the
RS is formally assigned P, = 100.0%, which justifiably raises doubt in the users of the RS if the RS specification indicates total
impurities > 0.06% (i.e., P < 99.94%, which is <100.0% by round-off rules), or additional analyses are performed. However, this

increases significantly the costs for RS certification.
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An important limitation of the mass-balance method, in addition to the aforementioned advantage, is the need to invoke cor-
rection factors to determine the impurity contents by chromatographic methods. Strictly speaking, the mass-balance method re-
quires consideration of correction factors of all impurities to determine the total organic impurities Xy ¢ .. Obviously, this re-
quirement cannot be fulfilled in the overwhelming majority of instances. Therefore, the risk of obtaining an incorrect value for
the content of main ingredient in a certified substance always exists because correction factors of some impurities are not con-
sidered. The following procedure can be used to minimize the aforementioned risk and also to limit additional research to a rea-
sonable amount.

First, determine correction factors not for all impurities but only those that a) are heightened-risk impurities that practically
do not absorb or have absorption comparable with that of the main ingredient at the working wavelength. This indicates that the
correction factor differs greatly from 1 (these impurities can be determined using a diode-array detector at the impurity spectral
peak maximum) and b) should be identified according to the ICH [29] (these are identified impurities of content >0.1% for a
daily drug dose >2 g or >0.05% for a daily drug dose >2 g). Normalization without correction factors is adequate for assigning
impurities as identified.

Second, evaluate the equivalency of analytical results for the contents of main ingredient in the certified substance that were
obtained by mass balance and direct methods (as a rule, titration), gradually adjusting the correction factors to reach equiva-
lency, i.e., an iterative approach. The proposed iterative approach consists of the following. Determine the impurity content
Xrersup With the same correction factors (if they exist) given in this procedure using the same impurity determination method that
was used for quality control of the certified substance. Then, calculate P, using the mass-balance method. Check the equiva-
lency of the P, value and the main ingredient content in the certified substance as determined by a direct method P, . The rec-
ommended direct method for obtaining the P, value is to subtract the total organic impurities from the direct determination of
the main ingredient content. A formula for titration methods that corresponds to this recommendation has been published ([2], p.
156). If P, and P, are equivalent, then the RS is assigned the certified P, value. If it is found that P, and P, are
inequivalent, then proceed as follows. Determine sequentially first the correction factors for the heightened-risk impurities and
then for impurities with the greatest percent contents (from normalization results without correction factors) and consider them
in the calculation of X ¢ .. Increase gradually the number of impurities for which the correction factors are considered until
equivalent results are obtained for the impurity contents by the mass-balance method P, , and the direct method P, . ARS is as-
signed the certified P, value only after P,  and P, become equivalent. Let us emphasize that the aforementioned procedure
can be used once and then the mass-balance method (with the necessary correction factors) to certify a RS without determining
PDir'

Two methods can be used to assess the equivalency of the main-ingredient contents obtained by the mass-balance method
P, and a direct method, as a rule, titration, Py, . The first is the well-known method for comparing two variances using the
Fisher F-criterion and the Student #-criterion [28, p. 121] or the single-factor ANOVA method that is easily performed in Excel
[30]. These methods should be given preference because they are based in theory. However, these methods can sometimes give
negative results for an unfavorable ratio of random and systematic errors. Therefore, a more complicated alternate approach
[9, 11] can be used if the difference of P, and P, is practically insignificant, e.g., <0.32B [see Eq. (3)]. It consists of the fol-
lowing. Confirm that results for the main-ingredient contents found by mass balance and titration are consistent when assigning
a certified value P, by the mass-balance method. For this, calculate from the experimental titration results the uncertainty of the
certified value U, .. Calculate the average result X 1, and the uncertainty of the main-ingredient content U, . Then, check that
the following relationships are fulfilled for the obtained results:

U,,SmaxA, =0.32B, 3)

Ut < Up (X 1ie T Krersun

+ XW + XR + ‘XlnorSub)] - 100' = |)?Titr - PAn| < Uatt’ (4)

where maxA, _is the maximum allowed uncertainty of the quantitative determination; B =100 — B, %, B, is the upper limit of
the normalized content of main ingredient in the certified substance (%). Fulfillment of Egs. (3) and (4) is in fact a simplified re-
quirement for the equivalency of P, and P, . Nevertheless, it is adequate for RS certification by the mass-balance method and

can be used in practice.
2. Use of NMR and DSC methods, alternate approaches to RS certification by the mass-balance method

NMR [18, 22, 27] or DSC [19, 21, 23, 25] have been used to determine the contents of main ingredient and impurities

(XReisup) 10 certified substances. DSC is used as a direct method to determine X o .; NMR, as an indirect one. The content of

main ingredient calculated from NMR data is subtracted from 100%. Then, P,  is calculated by a mass-balance method. NMR
and DSC are used comparatively rarely to certify RSs. This is not surprising because NMR and DSC have limitations for deter-
mining impurities that are as serious as those of chromatography. This neutralizes their advantages over chromatographic meth-

ods. The limitation of NMR for determining impurity contents is the need to identify and use in calculations only isolated reso-
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nances of the main ingredient and the impurity molecules. This is a complicated problem due to the risk of an incorrect determi-
nation of X, o . if the structures of any impurities are unknown. For DSC, impurities can be determined correctly only if the
certified substance has a rather high content of main ingredient (as a rule, >99.0 mol%) and does not contain solid solutions of
impurities [31, 32]. Therefore, the analytical result from DSC is usually monitored using chromatography to estimate the impu-

rity content and the average of these methods is used.
3. Potential and limitation of using mass loss on drying instead of the sum of Xy and Xgessor

Mass loss with drying (X)) instead of the sum of the water content by Fisher (X)) and residual organic solvents (X . ) is
allowed to be used in Egs. (1) and (2) for the mass-balance method in the European pharmacopoeia and other guidelines. How-
ever, thermogravimetric analysis showed that certain substances can contain strongly held capillary-bound water [31] that can-
not be removed by heating, including under conditions regulated in pharmacopoeias for the parameter “Mass loss on drying”.
The content of such water can be comparable with that of the organic impurities in the substance. Therefore, the validity of re-
placing the sum of X}, and X, by X, must be evaluated when certifying RSs intended to determine the content of the main ingre-
dient in substances. Such an evaluation can be made once during method development for RS certification. The statistical
method comparing two means, i.e., the Fisher F-criterion and the Student ¢-criterion [28, p. 121], and the single-factor ANOVA
method [30] can be used for this. Also, the insignificance of the difference between the mass losses on drying and the sum of the
water and residual organic solvent contents (in %) can be evaluated according to the condition:

(X — (X,

ResSol + XW)| S rna'XAAs’ (5)

where maxA,  is the maximum allowed uncertainty of the quantitative determination according to Eq. (3).
4. Calculation of the uncertainty of the certified RS value

The uncertainty of the certified RS value is now usually calculated as the expanded uncertainty [15 — 17, 33 — 38] based on
the uncertainty principle. The introduction and use of the uncertainty instead of the error is related to the attempt to convert from
practically undefined quantities such as the error and true value [39] and to the identification and consideration of the error
sources.

Labels and sometimes certificates for RSs often show the certified value of the main-ingredient content P, , the uncertainty

Att

u after a comma and not a + sign, and the coverage coefficient (see below) after a comma. Commas are used to indicate that P, .

cannot exceed 100%. It is noteworthy that the uncertainty for RSs may not be indicated on labels and certificates according to
the literature [1, point 4.2.4]. An important acceptance criterion for P, is also given in this point, “If the calculated uncertainty
is less than a previously established value that is considered insignificant with respect to the acceptance criterion for quantitative
determination, then the P, value is accepted.”

A generalized formula for calculating the expanded uncertainty U

A Of the certified RS value obtained by the mass-balance
method can be written [3, 15, 17, 24, 25, 38, 40 — 43]:

U = kyJU(X p)? +U(Hom)? +U(Stab)?, 6)

where £ is the coverage coefficient; U(Hom) and U(Stab), standard uncertainties obtained by estimating the homogeneity of the
main-ingredient content in the certified substance samples and by estimating its stability; U(X,,), the combined uncertainty of
the main-ingredient uncertainty in the certified substance expressed as the quadratic root of the sum of the squares of standard

uncertainties of the terms in Eq. (1) and the uncertainty associated with the impurity limit of detection U(LOD) [24]:

U(X ai) =JU (X gatsuy)> +U(X )2 +U(X )? +U(X porsas ) + U(LOD)?. (7)

The recommended coverage coefficient £ = 2 [33, section 2.3.3] is usually used in Eq. (6) without considering if k¥ = 2 is jus-
tified or not. This can give an incorrect estimate of the expanded uncertainty both for RS certification and for evaluation of any
analytical results. For example, coverage coefficient £ can be much greater if less than six samples are analyzed. In such in-
stances, refinement of the coverage coefficient is recommended. This can be done according to the literature as follows [15, 17].

The number of effective degrees of freedom v . is calculated beforehand using the special Welch—Satterthwaite equation
[15, 17, 44]:

f



932 N. A. Epshtein

Uitt
Veff = 4 4 4° (8)
U(X p) JrU(Hom) JrU(Stab)
V(X Att ) V Hom V Stab

where U, is the expanded uncertainty of the certified value calculated using Eq. (6); in the denominator, U(X, ) is the com-
bined uncertainty of the main-ingredient content in the certified substance, Eq. (7); U(Hom) and U(Stab), standard uncertainties
in the estimate of the homogeneity, Egs. (25) and (26), and in the estimate of the stability, Eq. (28); v, the number of degrees of
freedom: v(X Att), in the determination of the main-ingredient content, Viom and Vb in the estimate of the distribution homoge-
neity (content) of main ingredient in vials and the stability of the certified substance, respectively. The well-known table of the
dependence of the Student criterion on the number of degrees of freedom is used to determine coverage coefficient k after calcu-
lating v_g,. The two-sided Student criterion for v = v . is found for a given confidence probability P (usually 95%). An example
of a coverage coefficient that exceeded significantly 2 can be cited in a publication [44] in which five samples were titrated,
V. = 6 was calculated, and the coverage coefficient for six degrees of freedom, 2.45, was determined from a table of the Student
criterion. It is noteworthy that the number of degrees of freedom would be v = n — 1 = 4 for the usual statistical processing of the
experimental titration data for five samples (n = 5).

It should be emphasized that the estimate of the expanded uncertainty of the certified RS value is simpler if the RS is certi-
fied using Eq. (2) rather than Eq. (1) because a more complicated calculation of the contribution of correction factors is required
if Eq. (1) is used. Examples of calculating the expanded uncertainty of the certified RS value were published [18 — 25, 34, 38].

4.1. Estimate of U, for determination of the main-ingredient in a RS using Eq. (1). In this instance, the estimate of the com-
bined uncertainty of the content of organic impurities U(X} ;) causes the greatest difficulty. Let us introduce the formulas re-

RelS
quired to estimate U, , according to Egs. (6) and (7).

4.1.1. Calculation of the combined uncertainty U(Xp,s,,) of the organic impurity content Xp 5,1

The formula for determining the content of organic impurities by the peak-area normalization method with correction factors
can be written in simplified form:

1003f,S, _1003f,S,

©
;8 + 8, So

RelSub —

where S is the peak area of the main (drug) ingredient; f; and S, correction factor and impurity peak area of impurity .
Then, the combined uncertainty U(X ¢ ,,) of the XOrgImp value can be calculated from Eq. (9) using the following formulas:

2 2

U(XS.S. U((S
U(XRelSub):XReISub\/( (fo;, ’)j +( ng)j , (10)

i~ 0
USf:S;:) =ZU(f:5:)7, (11)

2 (sp. \?
UCSiS) = £, [U(ff f)} +{ Sf J , (12)

SD,

U =1 =g 145 (13)
U(S,)=SDs_, (14)

where U is the standard uncertainty of the parameter shown in parentheses; SD g and SD_, standard deviations of peak areas of
impurity i and main ingredient that were obtained during the determination of the content of organic impurities in the certified
substance; SD ¢ = standard deviation of peak areas S , of impurity / obtained during determination of correction factor f.. These
standard deviations are calculated from the formula:
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D .(n; -1)SD
=l

SD, =1 v=Y(n; -, (15)
\% j=1

where SD, is the standard deviation calculated from the analytical results for n samples; n, and SDJ., number of parallel determi-
nations for analyzing the j-th sample and standard deviation of the analytical results for the j-th sample; v, number of degrees of
freedom.

4.1.2. Calculation of combined uncertainty U(Xpesso) of residual organic solvent content Xpegsor

The content of the i-th solvent (X,, ppm) in the substance is usually calculated using a formula of the type:

6
X, :Siaol-Dl-l() (16)
l So;a;Dy; ’

where S, is the solvent peak area on the chromatogram of the test solution; S, solvent peak area on the chromatogram of a stan-
dard solution; @, RS weight of solvent i (mg); a,, weight of substance (mg) for determining solvent i; D, dilution during prepa-
ration of solvent / standard solution; and D,, dilution during preparation of the test solution.

The factor P/100, which was intended to consider the content of main ingredient in the solvent RS, was omitted from Eq.
(16) because it had practically no effect on the uncertainty of X..

Equation (17) was used in correspondence with Eq. (16) to calculate the combined uncertainty of the content of residual or-

ganic solvents U(X,) [24]:

2 2 2 2 2 2
XX J{umj {U(so,aj +(U(“")] +[u<ao,»>j +[U<Di>j {U(Dm)j | o
S; Soi a; ao; D, Dy,

where U(S)), U(S,,), U(a,), and U(a,,) are standard deviations of the parameters given in parentheses; U(D,) and U(D,), qua-
dratic roots of the sum of squares of the standard uncertainties of the volumetric flasks, pipettes, and cylinders used to prepare
the test and standard solutions, respectively.

4.1.3. Calculation of the combined uncertainty U(Xy) of the water content Xy

The water content in the certified substance is determined by Fisher titration. Two versions are used, i.e., coulometric or
potentiometric (volumetric). Simple formulas for determining water are usually sufficient to calculate the uncertainty in the wa-
ter content in the certified substance [47].

Coulometric method

The formula for the calculation is:

X, _ (my _mblank).loo, (18)

m sample

where X, is the water content determined by coulometric titration (%); m,,, amount of water determined in the sample (mg);
my,..» amount of water determined in a titration blank (mg); and M ample> MASS of substance sample (mg).

The combined uncertainty of the determined water content in the certified substance by the coulometric method U(X)) is
[24]:

2 2 2
Xy )= X, (U(mW)j +(U(mblank)j +{U(rnsmme)J ’ (19)

My M plank m sample

where U values in the square root are standard uncertainties (deviations) of the parameters shown in parentheses.
Potentiometric (volumetric) method

The formula for the calculation is:
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_ F( Vsample _Vblank ) 1

m

w 00, (20)

sample

where X, is the water content determined by a potentiometric (volumetric) method (%); F; Fisher reagent titer (mg/mL); Vsample,
volume of Fisher reagent consumed in titrating the substance sample (mL); V., volume of Fisher reagent consumed in titrat-
ing the blank (mL); and M mple> MASS of substance sample (mg).

The combined uncertainty of the determined water content in the certified substance by the potentiometric (volumetric)
method U(X)) is:

lank

2 2 2 2
U(XW)=XW' (U(F)) +(U(Vsample)] +(U(Vblank)J +{U(msample)J ’ (21)

F Vsample Vblank m sample

where U values in the square root are standard uncertainties (deviations) of the parameters shown in parentheses.

4.1.4. Calculation of combined uncertainty of inorganic impurity (ash) content U(Xporsup)

The formula for the calculation is:

m
X norsub = o -100, (22)

sample

where X < . is the content of inorganic impurities in the certified substance (%), m
termination (mg); and m_, mass of ash (mg).

The combined uncertainty of the determined content of inorganic impurities (ash) in the certified substance is:

2 2
U(msam le) U m g
U(XlnonSub) = XInonSub ( : J +( ( L )j ’ (23)

m sample M ash

, mass of substance sample for ash de-
sample

where U values in the square root are standard uncertainties (deviations) of the parameters shown in parentheses.
4.1.5. Calculation of uncertainty associated with the limit of detection of organic impurities U(LOD)

The uncertainty associated with the limit of detection of the impurities U(LOD) must also be considered when evaluating the
uncertainty of the determined organic impurities U(Xq ) by chromatographic methods [24]. The uncertainty comes in two
types, i.e., A and B. Type 4 uncertainty is evaluated using statistical methods. It is always expressed in standard deviations as a
standard, combined, or expanded uncertainty. Type B uncertainty is evaluated by non-statistical methods and is based on certain
assumptions about the dependence of the distribution function of the measured quantity [33]. Justified formulas for calculating
U(LOD) have not been published. Nevertheless, the U(LOD) value should logically be expressed using standard deviations of
peak areas at the LOD level of the main ingredient according to the generally accepted approach for evaluating the uncertainty
[15, 17].

For this, a solution of the main (drug) ingredient with a concentration corresponding to the LOD should be prepared. This
solution is chromatographed the same number of times as the test solution is chromatographed to determine the impurities dur-
ing RS certification. The uncertainty of the LOD of the organic impurities is calculated using the formula:

2 2
SD -1 SD ;
U(LOD) =100 \/(LOD] + Z(LOD’{J , (24
TestSol N TestSol
where SD, ., is the standard deviation of the main-ingredient peak area in chromatograms of the solution with the LOD concen-
tration; S, average peak area of the main ingredient on chromatograms of the test solution for determining organic impuri-

ties or better, the average main-ingredient peak area in chromatograms of the reference solution multiplied by the concentration
ratio of the test and reference solutions; f, correction factor for identified impurity #; 1, correction factor for the main ingredient;
and 100, factor for calculating in percent. The first term in parentheses in the square root of Eq. (24) is the relative standard un-
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certainty of the content of any unidentified impurity; the second term in parentheses, relative standard uncertainty of the content
of identified impurity i.

Note. A formally simpler formula for the calculation was proposed [48] as U(LOD) = LOD/C ., where LOD is the solution
concentration corresponding to the impurity limit of detection and C,, test solution concentration for determining impurities.
However, this formula was presented without justification. Furthermore, it is not applicable to impurities for which correction

factors must be considered.

4.1.6. Evaluation of standard uncertainty of the homogeneity of main-ingredient content U(Hom) in vials with RS samples

The single-factor ANOVA method is used for reliable calculation of U(Hom) [30, 37, 41]. Vials with weighed samples of
certified substance (number of vials = p) can be viewed as groups. The calculation of U(Hom) starts with a determination of the

standard deviation of the main-ingredient content, i.e., intergroup MSamong and intragroup MS_.. . with j analyses (samples) for
each vial {e.g., Table 4 in previous work [15] listed Dispersion analysis; an MS column; and lines among groups (MS ) and

- . . .. . . . among
within groups (MS ;.. )}. Then, the standard uncertainty of the homogeneity of the main ingredient is calculated using the for-

mula [24, 25]:

\/( MSamong - MSwithin )
; .

U(Hom) = (25)

If U(Hom) is greater than /| MS i, - then the evaluation of U(Hom) is finished. Otherwise, U(Hom) is calculated using the
formula [24]:

U&mm)=JMSﬁ““4J 2 (26)
A%

] msw

where v is the number of degrees of freedom for calculating \/ MS i, » equal to p(j — 1). For example, p = 15 and j = 3 in the

previous work [24]. The RS is weighed (50 mg) into vials, 15 of which are chosen at random. Three samples from each vial are
analyzed. The content of main ingredient in each of the samples is determined (%) by a direct method (titration).

4.1.7. Evaluation of standard uncertainty of the stability U(Stab) of the certified RS

The stability of samples of the certified batch of substance is investigated during long-term storage according to the ICH
[49]. As a minimum, samples are analyzed at five points because at least five data points are needed for reliable evaluation of the
linear regression coefficient of the function [28, p. 190]. For example, these points were 0, 1, 2, 4, 6, and 12 months of natural
storage in the previous works [24, 25].

The linear regression of the main-ingredient content X (%) in the certified substance is calculated as a function of its storage
time ¢:

X=bt+a. 7)

The standard deviation of the regression line slope SD, is determined. Then, the uncertainty of the stability U(Stab) is calcu-
lated using the formula [15, 24, 25]:
U (stapy = SD,, - 1. (28)

4.2. Evaluation of Uay, uncertainty of main-ingredient content in RS during RS certification by the mass-balance method
according to Eq. (2)

A different formula for evaluating the expanded uncertainty is used if Eq. (2) is used to certify the RS by the mass-balance
method. The uncertainty of P, U(P)), is calculated instead of U(X ¢ ) [24]. All other required formulas were discussed above.

5. Evaluation of the uncertainty of the main-ingredient content in the RS U(Xy,) from results of interlaboratory studies

An approach to evaluating the uncertainty of interlaboratory analytical results using the expanded uncertainty was presented
before [43]. An example for interlaboratory analyses of a phenoxymethylpenicillin sample (the contents of main ingredient, wa-
ter, and impurities were determined in nine laboratories) was given. It is important that this approach was theoretically justified
and could be used to certify RS using interlaboratory studies.
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6. Choice of Student criterion, one-sided or two-sided (P = 95%), for evaluating the uncertainty of the certified RS value

The one-sided Student criterion at the 95% confidence probability (P = 95%) is recommended in Ukraine for evaluating un-
certainties of analytical results including those for RS certification [11, p. 1066]. Agreement with the European Pharmacopoeia
was claimed [1]. However, the agreement was not direct but only indirect and formal. A formula for calculating the maximum al-
lowed relative standard deviation RSD__ as a function of the number of injections is given in the European Pharmacopoeia,
Section 2.2.46, for determining the main-ingredient content in substances (Assay). The two-sided Student criterion with
P =90%, which is numerically equal to the one-sided criterion with P = 95%, is used in it [1].

Moreover, a table for two-sided and not one-sided Student criteria {[15], p. 24, formula (9.3); p. 27, table B2} with the same
confidence probability (95%) is used in RMG 93-2009 GSI “Determination of metrological characteristics of standard samples”
for determining the coverage coefficient in the formula for the expanded uncertainty of certified RS values. In our opinion, this
is more logical because the possibility that the desired value can be not only less than but also greater than the one-sided experi-
mental value is taken into account. Use of the two-sided Student criterion leads to greater uncertainty for the same confidence
probabilities P and number of degrees of freedom v because it is always greater than the one-sided criterion. As a result, the con-
dition of Eq. (3) can be fulfilled for the one-sided Student criterion and not for the two-sided one but not the reverse. Therefore,
the two-sided Student criterion is preferred for certifying RSs.

The materials and recommendations discussed above will undoubtedly be useful to all scientists that use RSs to develop and
control the quality of drugs and substances because the mass-balance method is modern and very accurate for certifying sub-
stances as RSs. These are primarily scientists at research laboratories and analytical-control laboratories, including quality-con-
trol laboratories.
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