Appendix B to CCQM-K55.d Final Report. Version of 12.01.2018

Appendix B
Measurement Equations and Measurement Uncertainty Budgets

Lab ID BAM

The folic acid content in the sample and its standard uncertainty were determined by qNMR according
to:

P = Iy ,—Naw ) My Moy P
X N Vi CRM
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Py, Pegy purity of the analyte and the internal standard

Iy, Icgay: mtegral of the signal of the analyte and the internal standard

Ny, Negag number of H atoms contributing to the signal of the analyte and the internal standard
My; Megiy: molar mass of the analyte and the internal standard

My, Meryy Mass of the sample and mtemnal standard

i, (Py): standard deviation of the mean of replicate qNMR purity determinations

.Hw(PxJ}_+[.H(M_x')J2_I_[N(Mcm.f)T+[”(mc5'.-u)]2 +(.H(””.YJT+[”(P<:.WJT

Py My Mgy Mepyy my Fery

uncertainty budget:

uncertainty source value uncertainty | rel. uncertainty
Py [¢/g] 0.90095 | 2.8323*10™ [ 3.1437*10°
My [g/mol] 441.404 0.0284 6.4358*10~
Meryg [g/mol] 168.192 0.0153 9.095 *10™
My [mg] 2.07419 | 1.9191*10 | 1.5895%10°
MRy [mg] 6.42576 | 1.6710*107 | 2.6005%107
Pepyy [g/g] 0.99463 | 2.1806%10* | 2.1924%107
combined uncertainty [g'e 3.6%10™ 4.0%10™

expanded uncertainty Usgse, (k=2) [2/g] 7.2%10™

=



Lab ID CENAM

Folic Acid (mg/g) =1000 - Total related — water — inorganics

Uncertainty . information| Original . L Combined
value units . units Distribution .
source source | uncertainty uncertainty
water
63.97 mg/g experimental 5.17 mg/g A normal 5.17
related
impurity A 0.432 mg/g experimental 0.021 mg/g A normal 0.02
related
impurity D 0.014 mg/g experimental| 0.00024 mg/g A normal 0.00024
unknown
related
impurity 0.006 mg/g experimental| 0.00030 mg/g A normal 0.0003
inorganics
(Na) 0.181 mg/g experimental 0.0044 mg/g A normal 0.004
uc (mg/g) = 5.17
U (mg/g) k=2 = 10.33
Ur (%) = 1.10
| Folic acid = 935.40 + 10.33 mglg
Lab ID GLHK
Xpc=1-2Xic

where PC — principle component ; IC — impurities components

U(Xpc) =U(2Xic)

major components of U(Xic) include purity of reference standards, precision, and estimation for
unknown and undetected impurities.

The estimation for total related structure impurities contributed about 40% of the overall budget
whereas uncertainty contributed by water, non-volatiles/inorganics, and residual organic solvent
contributed 34%, 25% and 1% respectively.
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Lab ID HSA

Mass fraction of folic acid (mg/g) was calculated using the equation below:
m = (1000 — Irs1)*(1000 — Fothers)/1000 (1)

Where,
Irsi is the mass fraction (mg/g) of total related structure impurities determined by
HPLC-DAD (assuming similar HPLC-DAD response factors and 1000 mg/g of total
HPLC purity);
Fotners IS the sum of mass fraction (mg/g) of other impurities.

Fothers = Fvo + Fw + Fir 2

Where,

FVO is the mass fraction (mg/g) of residual organic solvent;
FW is the mass fraction (mg/g) of water;

FIR is the mass fraction (mg/g) of total non-volatiles/inorganics.

The reported mass fraction of total related structure impurities (FRSI) in Section 3 was
calculated using the equation below:

FRSI = (1000 — FVO — FW — FIR) x IRSI /1000 (3)

Lab ID INMETRO

The average of results obtained by gNMR (897.0 + 6.9 mg/g, k=2) and mass balance
approach (903.6 + 8.0 mg/g, k=2) was used to assign the mass fraction of folic acid in the sample
CCQM-K55.d (Figure 1). The uncertainties from both methods were combined using the following
equation:

(T -7)° /N 1)+ ( " (Ugsz(Y;-))Z/N)

N

Ugs(Y) =2

Where:

N = nominally valid estimates from different analytical methods for measurand Y
Yj = the best estimate of the value from method j

U95(Yj) = fully evaluated 95% expanded uncertainty (Duewer et al., 2004)*

CCQM-K55.d Final Report Appendix B January 2018
Page 3 of 26



915

910

905

900 *

895

890

mass fraction of folic acid (mg/g)

885 . . )
mass balance gNMR combination

Lab ID KRISS

Equation for assigned content of folic acid and uncertainty budget is following as:
PFolic acid = PLC—UV X (1 - Pwater - Presidual organic solvent — Pnon—volatile residue)

where Praiic acid IS the final folic acid content (mass fraction), Prc-uv is content of folic acid by the
chromatographic method (LC-UV with C18 column), Pwatr is content of water by K.-F. coulometer,
Presidual organic solvent 1S content of residual organic solvent by headspace GC-MS, and Phon-volatile residue
is content of non-volatile residue by TGA. The standard uncertainties for the individual
measurements including each component by chromatographic method, water content, residual
organic solvent contents, and non-volatile residue were independently calculated concerning each
uncertainty sources as summarized in Table 1.

Table 1. Uncertainty sources for each individual measurement

Uncertainty Sources
U(Pchromatography) Repeatability of LC analysis
U(Pwater) Repeatability of K.-F. coulometer

Repeatability of HS-GC/MS analysis
U(P non-chromatography) U(Presidual organic solvent) ~ Detection limit of GC/MS
Uncertainty in sample weighing

U(P non-volatile residue) Reproducibility of TGA analysis
The

uncertainties of non-chromatography impurity were calculated by by following equation:

— 2 2 2
u(Pnon—chromotagrphy) - \/upwater + uPresidualorganicsolvent + uPnon—volarile residue

Where u(Pchromatography) 1S the combined uncertainty of all the non-chromatographic uncertainty,
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U(Pwater) is the standard uncertainty of water content, u(Presidual organic solvent) IS the standard uncertainty
of residual organic solvents and u(P non-volatile residue) 1S the standard uncertainty of non-volatile
residue. The final uncertainty (u(P)) was calculated by final purity (P) and the relative uncertainty
for purity (ur(P)). And the relative uncertainty for purity, ur(P), was calculated by combining of non-
chromatography, ur(Pnon-chromatography), and the relative uncertainty of folic acid by chromatography,

Ur(Pnon-chromatography), as following equation:

uT(P)=\/u2 + u,2

TPnon—chramatagrphy TPchromotagrphy

u(P) = P x u,.(P)
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Lab ID LGC

The measurement equation (Eqn. 1) to assign the purity of folic acid content of
CCQM-K55.d using a mass balance approach 1s:

P - |:1 B |:‘."o1|‘c7rer 2IR “%eressolvent . %orel imp ]:| ¢ Pore (Eqn. 1)

+ +
100 100 100 100
Where,
Prow = total purity of folic acid
IR = inorganic residue
res solvent= residual solvent
rel imp = related mmpurity
Pye= organic purity of folic acid

The standard uncertainty associated with the mass fraction content was calculated
from equation 2 (Eqn. 2):

_[2 2 2 2 2 2
U Eplicacia = v YUPLC-DAD + Usater + Up + U s solvent + Uy mp (qul )
Where,
U Folic acid = standard uncertainty (su) of the purity value of folic acid
Uppre-psp =  Su of purity value of folic acid determined by UPLC-DAD
[ su of water content
g = su of inorganic residue
Uy comene —  SU 0f residual solvent

u su of related impurity by Q-NMR

relimp =

The uncertainty budget for folic acid using a mass balance approach is summarized in
Table 1 (as %am/m).

Table 1. Uncertainty budget for folic acid using mass balance approach

UPLC Water Inorg Res | Res Solvent Rel Imp
u 2.00E-01 1.61E-01 1.07E-02 2.74E-02 3.11E-03
v 1.60E-03 6.72E-04 1.32E-08 5.66E-07 9.34E-11
n 32 33 mfinity 3 5
n-1 (d.o.f) 31 32 mfinity 2 4
u*/n-1 5.16E-05 2.10E-05 0.00E+00 2.83E-07 2.33E-11
Components - b
0.26 61.21
Total standard uncertainty (u.) 0.26
Effective degrees of freedom (ves) 61.21
t (effective d.o.f). 95% 2.00
Expanded uncertainty (U) 0.52

CCQM-K55.d Final Report Appendix B January 2018
Page 6 of 26




The measurement equation (Eqn. 3) to assign the purity of folic acid content of
CCQM-K55.d using a direct approach is:

VPUELY 4y, = — B MV e Lasatve , Prs 100 (Eqn. 3)
'F”.&Na.t\a‘e ﬂ/‘ﬁ.‘fﬂ I.IS' p_{wa{r.re

Where.

My = mass of internal standard

TH gatre = mass of analyte

MAE gy = molecular weight of analyte

M= molecular weight of internal standard

Liape = mtegration of analyte

I:= mtegration of internal standard

Pr= no. of nuclei for internal standard
P nayre = no. of nuclei for analyte
P, = purity of internal standard

i3 3

The standard uncertainty associated with the direct purity assignment of folic acid is
given in equation 4 (Eqn. 4):

P R LIy o V2 g 2 2 I . W2
u — Y | U o~ + U, i _‘ Yyt Mptoys ‘ Uy i +: Uy on 1. +: Urepenivityyine (Eq“ 4)
Prote  © Auatyer N T —
- U " Prs ¥, \ p.zumf.m) \ P* } \_-lﬂ"TMn.'_m, -\‘i"-ﬁ' s A \ My } '-._ mannl'_u f '-._ ’@mm"ﬂm'm:.}.m g

The uncertainty budget for folic acid using a direct approach to assign purity is
summarized in Table 2 (as %eny/m).

Table 2. Uncertainty budget for folic acid using a direct approach

Quantity/units Value u rel u (%)
R — 90.11 0.11 0.1180
Tinternal std. 2 0 0.0000
LCamalyte 1 0 0.0000
Pinternal st /%0 99.8 0.08992806 0.0901
MW analyte 441.3977 0.01537169 0.0035
MWinternal ztd. 116.0722 0.00342905 0.0030
M internal std. 10.52633 0.006 0.0570
M Lmaivte 21.04933 0.006 0.0285
Prean/%0, 1 90.11 0.146 0.162
Number of samples run 5
Degrees of freedom 4
k 2.78
Purity 90.11
Uncertainty at 95% C.I. = 0.40
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=1
Where,
Wy = weight factor. wi= —_
Ji~
U= expanded uncertainty
X;= purity value of folic acid

The uncertainty associated with the combined purity assigiment is given in equation 6
(Eqn. 6):

. 1
[j Combined = i (Eqn‘ 6)
11.Dfr'acr + 1"1‘::0‘:’;‘:\-:1
Where,
Uecompimed = Wncertamty of the combined purity value of folic acid
Whireet = weight factor for purity value using the direct approach
Whdireet = weight factor for purity value using the mass balance approach
Lab ID NIM

External method (used in most measurement):
By external standard methods, the standard curve was calculated:
As=aCstb
As: peak area of standard solutions;
Cs: concentration of standard solutions (mg/mL);
a: slope of standard curve (mL/mg);
b: intercept of standard curve (it is zero);
The mass fraction of analyte in folic acid sample was:
Xx=(Ax-ra-b)/a/Cra
Xx: mass fraction of analyte x in folic acid sample (g/g)
Axra: the area of analyte x in folic acid solution
Cea: the concentration of folic acid solution (mg/mL)
The combined relative uncertainty of mass fraction u,(Xx) was calculated by:
Uy (Xx)=(UrA+UrW+UrS+UrL)1/2
Ura: the relative uncertainty of repeatability;
urw: the relative uncertainty of mass weighing;
Urs: the relative uncertainty of purity of standard material;
urL: the relative uncertainty of linearity.
The uncertainty of mass fraction u(Xy) was calculated by:
U(Xx)= Xx Xur(Xy)
The expanded uncertainty of mass fraction u(Xy) was calculated by:
U(Xx)=k xu (Xy)
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LC-DAD Method:

For known impurities, external method was used by the area at the maximum absorption wavelength of each
impurity.
a) AGA (N-(4-Aminobenzoyl)-L-glutamic acid)

A neat AGA material is bought from TCI (Tokyo Chemical Industry Co. Ltd.) which purity was determined by
gNMR and is 973.9 mg/g.

The AGA in folic acid sample was determined by external method using the neat AGA material as an external
standard.
b) PA (Pteroic acid)

A neat PA material is bought from Sigma-Aldrich Company, which purity was determined by mass balance
method (LC-DAD and KFT) is 966.9 mg/g.

The PA in folic acid sample was determined by external method using the neat PA material as an external
standard.
c) Other impurities (Unknown)

The other known impurities were determined by external method using the neat AGA, neat PA and a neat folic
acid (~900 mg/g) material as three external standards. The average of three results from three standard curves was
regarded as the result. And the uncertainty is combined by three uncertainties from three standard curves, and

uncertainties from the difference of absorption (Uans: the difference between the areas at respective maximum absorption

wavelength for each impurities and the area at 280 nm), and the uncertainty between three curve (Ugeween:the half
between the maximum and the minimum of three results).

2 2 2
Umy Umz Ums 2 2
uc =\/[ 3 j +( 3 + 3 +uAbs +uBetween

AGA PA Other Impurity Total
value(mg/g) 3.060 0.4767 11.3737 14.9101
by FA by AGA by PA
value(mg/g) 11.5893 12.8899 9.6419
Ura: 8.0% 2.0% 1.9% 1.9% 1.9%
Urw 0.1% 0.1% 0.1% 0.1% 0.1%
Urs 5.0% 5.0% 5.0% 5.0% 5.0%
UrL 0.7% 3.8% 2.0% 0.4% 0.4%
ur (Xx) 9.5% 6.6% 5.7% 5.4% 5.4%
u(Xx) (mg/g) 0.663 0.691 0.517
Uabs (MQ/g) 3.639
Ugetween (MQ/Q) 1.624
u(Xx) (mg/g) 0.290 0.031 4.002 4.012
U(Xx) (mg/q) 0.580 0.063 8.0033 8.025
The water content (Xw) of folic acid is:
X M X,
m X.'

S
m is the weight of sample (FA) (g);
m’ is the detected mass of water (mg);
Xs is the water content of standard material (hydranal-standard sodium tartrate dihydrate from Sigma-Aldrich
(156.6 mg/q));
Xs” is the detected water content of standard material (mg/g).
The uncertainty of Xy is:
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U(X )=X u 2+(ur(m)j2+(ur(ml)jz+ ur(Xsl) 2+ ur(Xs) ’
v YA m m' X, X,

uais RSD of Karl Fisher titration.
ur(m) is determined by the uncertainty of the balance;
Ur(m’) is determined by the uncertainty of limit of detection (LOD);

ur(Xs ) is from the certificate of standard material (the difference between the certified value and actual detected
value is included);

ur(Xs ) is determined by the RSD of titration of standard material;

Value (mg/g) 78.70
uais RSD of Karl Fisher titration 0.97%
u(m) is determined by the uncertainty of the balance 0.06%
u(m’) is determined by the uncertainty of limit of detection (LOD) 0.10%
u(Xs ) is from the certificate of standard material 4.04%
u(Xs’) is determined by the RSD of titration of standard material 1.01%
Ur 4.28%
u (mg/q) 3.367
U (mg/g) 6.733

4) Non-volatiles/ inorganics -ICPMS

72 Elements Cl element Na element

value(mg/qg) 1.180 0.142 0.184
u_: repeatability 5.2% 5.5% 5.0%
u - weighing; 0.1% 0.1% 0.1%
ug purity of standard material; 1.0% 1.0% 1.0%
u : linearity. (ICPMS for 72 elements is (Semi-

wo 50.0% 1.0% 1.0%
quantification)
uX) 50.3% 5.7% 5.2%
u(x) (mg/g) 0.593 0.008 0.010

5) Mass balance result
P=1-XR-X\N-XN-XV
where P is the mass fraction of folic acid;
Xris the total related structure impurity content determined by LC-DAD;
Xw is the moisture content determined by Karl Fisher titration;
Xn is the non-volatile content determined by ICPMS;
Xv is the volatile impurities content determined by HSGC.

The combined uncertainty u (P) can be calculated as follows:
U(P) =U? (Xg) +U (X ) +U° (X ) +U7 (X))
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Lab ID

NIMT

Measurement equation

W Folic acia = 1000- impurities

W Folic acid = 1000 — [WReI.Subst + WWater + WNon vol. T WOrg. Solv.]

W raiicacia = Mass fraction of folic acid in CCQM-K55.d sample

W Rel. subst. = Mass fraction of folic acid—related structure impurities in  CCQM-K55.d

sample

W water = Mass fraction of water in CCQM-K55.d sample

W nonvol = Mass fraction of non-volatile impurities in CCQM-K55.d sample

Worg. soiv. = Mass fraction of volatile organic solvent impurities in CCQM- K55.d sample

Uncertainty estimation

2
Uy folic acid = \/(uwRel.Subst)Z + (uwWater)2 + (uwNon Vol)2 + (qurg.Solv.)

a. Summarise the relative contributions of the major components of the overall

uncertainty budget.
Uncertainty Budgets

Source of uncertainty Xi u(xi) Degree of
(mg/q) (mg/q) Freedom
Folic acid related impurities 16.69 0.17 5
Water 71.83 5.15 4
Non-volatile impurities 0 0.52 8
Volatile Organic solvent Not Not Not
detected detected detected
Total impurities 88.52
Folic acid content 911.47 5.18
Expanded uncertainty, k=2 10.36
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Lab ID NIST

For the 'H gNMR;s method, the purity of the K55.d folic acid Test sample Purity, was estimated
using the measurement equation:

Purity, = ( Nig J( MWy j( Areay J[massls j Purity,
N J\ MW /| Area,s )| mass;
where: N is Multiplicity of the signal of the Internal Standard,
N, is Multiplicity of the signal of the Test sample,
MW, is Molecular weight of the Internal Standard,
MW, is Molecular weight of the Test sample,

Area is the integrated signal area of the Internal Standard,
Area; isthe integrated signal area of the Test sample,

mass, is the mass of the Internal Standard,
mass; is the mass of the Test sample, and
Purity,s is the purity of the Internal Standard.
Mass buoyancy effects were taken into account, and the uncertainty was considered negligible for
this exercise.
The uncertainty evaluation was accomplished using the Observation equation approach as follows:
a. Re-write the measurement equation into:

.. mass;
(PurltyT J
MW,

=K

masslsj 1

=| Purit
( i MW, ) Area,

Area;
b. Use the observations of A" to obtain a probability distribution of K.
c. Use the observations of Area; , and the probability distribution of K to obtain a probability

distribution of Purity; . The computation was accomplished using Markov Chain Monte Carlo

coded in OpenBUGS.

The mass balance approach accounts for all the observable impurity components (ICs) via the
generic model (1000 - Y ICs) mg/g. The reported mass fractions and expanded uncertainties (Ugs)
were transformed into probability distributions (i.e., normal, triangular, uniform) for each individual
IC. The distributions were used to generate random draws via a Markov Chain Monte Carlo model
of (1000 - > ICs) mg/g and produce a probability density for the folic acid purity.

For mass fraction assignment of the total related structure impurities, each of seven impurities were
combined via a Markov Chain Monte Carlo model, analogously to the complete mass balance
approach (above). The distributions for the seven impurities included two Gaussian, two triangular,
and three uniform (described in more detail below.)
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Figure 2. Estimate of mass fraction (mg/g) for structurally-related impurities. Distribution of the sum
of the organic impurities was obtained via Monte Carlo method by generating random draws from the
probability distributions of the seven observed impurities.

For the mass fraction assignments of water, and non-volatiles/inorganics, a standard GUM approach
assuming a coverage factor of 2 was used to combine the individual data and determine the
expanded uncertainty.

Lab ID NMIA

The measurement equation used to derive the assigned purity value for folic acid, in mg/g, is shown

in equation [1].

Purity= (1000- I ;p ¢ )x(1000- 157 ) [1]
Where InpLc is the mass fraction of all organic impurities of similar structure to the main analyte
(folic acid), as determined by HPLC chromatography with PDA detection at 282 nm (Amax Of folic
acid). Raw HPLC peak areas are converted to mass fractions through consideration of the molar UV
response factor (Ri) relative to folic acid, for which Rra is assigned a value of 1, and the respective

molecular weights of each component i.
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XA' XMW

Ri
IHPLGaII = : i AL + INR + IND x1000
A MWen+ Z'FA;XMVVi 2
1 |

RFa

Where

Ai = Normalised UV area of minor component i

Ara = Normalised UV area of folic acid

The main source of uncertainty is derived from ANOVA of 7 sub-samples analysed in duplicate,
using the normalised UV area of folic acid. Uncertainties associated with the molecular weights of
individual components are determined using established atomic mass uncertainties [see a) Dolan,
JW., LCGC North America (2009) 27, 472-479, b) IUPAC, Coplen, T.B., Pure and Applied
Chemistry 1996, 68, 2339-2359, c) Pure and Applied Chem. 2011, 83(2) 359-396 and d) Pure and
Applied Chemistry. 2003, 75(6) 683-800].

Components shown to have identical chromophores to folic acid are assigned a relative UV response
factor (Ri) of 1 with zero uncertainty. For components possessing different chromophores the
relative UV response factor (Ri) and associated uncertainty is determined from calibration studies of
individual components or direct comparison with molar ratios determined by quantitative NMR

spectroscopy.

The mass fraction (mg/g) of water (Karl Fischer analysis), common organic solvents
(thermogravimetric analysis and *H NMR under quantitative condition) and non-volatile residue

(e.g. inorganic salts) is summed to provide a value for lor.

All uncertainties are combined using the square root of the sum of the squares approach, using

standard uncertainties or relative standard uncertainties as appropriate.
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The major components of the uncertainty budget are:

e ANOVA derived variance between sub sample and within sub-sample determined from 7 sub

samples run in duplicate.

e The uncertainty related to quantification of Isomer 2 which was based on the estimated
lowest of highest possible value and a rectangular distribution between the two. This is

shown schematically below (water content not taken into account).

= a > u = a/sqrt(3)
1.6 mg/g 3.2mg/g 4.9 mglg
/ Lower limit Mid point Upper limit
From the HPLC chromatogram_ From the HPLC chromatogram
processed at 282 nm (underestimate). processed at 315 nm (overestimate).

e The standard deviation of n sub samples analysed for water content by Karl Fischer analysis.
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Lab ID

NMIJ

Table 3 Uncertainty budget of Crelated imp1

Standard u(C i)
uncertainty Source of Value of component Value of standard Ci W related impL
H ! P - _ —|C|| U(XI) /
component uncertainty Xi uncertainty u(xi) (= afl axi) /
u(xi) (m/g)
Mesurement
U(Cimp1 mea) standard 4.06 mglg 0.06 mgl/g 1 0.056
deviation
_ Measurement included
U(Areated imp1) - iation 135 U(Cimpt mea) i i
Slope of
u(b) calibration 27 0.013 0.0005 6.11 x 10®
curve
“fr?’“f-" “mle Balance used 2.999 g 495x10° g 165x10° 817 x 1012
solution
Intercept of
u() calibration -2.94 x 10 1.92 x 10" -6.53 0.0001
curve
U(mkss.dsample) ~ Balance used 3.072 mg 0.005 mg 0.002 7.98 x 10

Uc(CreIated impl) =0.06 mg/g

This result was validated by the comparison of data obtained with LC-UV (280 nm).

Table 5 Uncertainty budget of Crelated imp2

Standard ) .
uncertainty Source of Value of Value of standard Ci ”'E%Tf&'_’)“‘f)
component uncertainty component Xi uncertainty u(xi) (= afl axi) - (Im/ )'

u(xi) g
) Measurement
U(Cimp2 mea) standard deviation 3.17 mglg 0.10 mgl/g 1 0.097
u(A i) Measurement 4 included ) )
related imp2 variation U(Cimp2 mea)
u(b) Slope of 12 0.0002 177x105  3.69 x 10
calibration curve
“fr?”f'd “mle Balance used 2999 g 495x10° g 165x106  8.17 x 1072
solution,
u(a) Intercept of -0.0004 8.36 x 10° 0020 1.68 x 107
calibration curve
u(mkss.dsample)  Balance used 3.072 mg 0.005 mg 0.002 7.98 x 10

Uc(CreIated imp2) =0.10 mg/g

Total related structure impurities (Ctotal related imp) Were calculated by adding Crelated imp1 and

Crelated imp2 (: 7.24 mg/g).

Its standard uncertainty was estimated by combining u(Crelated imp1) and U(Crelated imp2) (= 0.11

mg/g).

Especially, Crelated imp2 and U(Crelated imp2) Were used for calculation of final purity mass

fraction as mentioned in section 9.
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7-2. Water analysis
Mass fraction of water was evaluated from the following equation.

_ (Qsarmlemeas - dQsampIe : tsarmle) - leank

Cwater - m
leank = leankmeas - deIank “Torank
where,

Cuwater: Mass fraction of water (ug/mg)

Qsample,meas: Mass of water detected in the sample measurement (ug)
dQsample: Background drift for the sample (ug/min)

tsample: Titration time of the sample (min)

Qblank: Mass of water for the blank (ug)

Qbulank,meas: Mass of water detected in the blank measurement (ng)
dQuiank: Background drift for the blank (ug/min)

toiank: Titration time of the blank (min)

m: Weighed mass of the sample (mg)

Table 9 Uncertainty budget of water on K55.d sample

Standard Source of Value of Value of N Ui(Cwater)=| | Degrees
uncertainty uncertaint component xi standard (= aflla ) cil u(xi) / of
component u(xi) y P "| uncertainty u(xi) —anex (ng/mg) freedom
U(Curterep) valgf:rtikg'r:'ttg’n?f 7981 ugimg | 0.14 pg/mg 1 0.14 4
End point of
U(Qsample, meas) titration for 1710 pg 18.94 ng 1/m 0.95 large
sample
Difference
U(dQuample) b;;‘g’f;gj;'ﬁo‘f 4.96 ug/min | 0.18 pg/min teample/M 0.05 large
sample
U(tsample) Tltraélaomn;;;ne of 5.17 min - -dQsampIe/m - -
U(Qbank) Waterb?;':]i“”t of | 9024 g 18.95 g Um 0.95 large
u(m) Amount of sample 19.97 mg 0.004 mg -Cwater/M 0.01 large

Uc(Cwater) = 1.35 ug/mg (= 1.35 mg/g), U = 2.70 ug/mg (= 2.70 mg/g, k = 2)
Mass fraction of residue on ignition (Cresidue) iS evaluated by the following equation.

mresidue_ mblaﬂer
C —

residue

sample_res mbl,before
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where Msample aNd Mresidue are Mass of sample and mass of sample after ignition, respectively.

Mol before AN My after are mass of blank before and after ignition, respectively. The results of TGA are
tabulated in the following table.

However mresique are smaller than quantification limit of mass loss (4 ug), so the quantification limit
is assumed to be an expanded uncertainty with rectangular distribution, and the uncertainty of
Msample Was negligible. Therefore, standard uncertainty of Cresique Was estimated as shown below.

U(Cresidue) = (4/\/5) ug/5.4157 mg
=0.43 mg/g
Purity mass fraction by qgNMR of K55.d sample was evaluated by using the following equation.
— Sa NS mS Ma
gNMR — Ss Na m, Ms 1S
where, Pqnmr (Kg/kg) is the purity determined by gNMR, Pis (kg/kg) is the purity of IS, S is the integral
value of a signal, N is a number of protons generating the signal, M (g/mol) is the molar mass, m (g) is the
weighed mass. Indexes a and s correspond to analyte, and IS, respectively. Pqnvr Was determined to be
(0.9018 + 0.0104) kg/kg (k = 2). Standard uncertainty of the purity mass fraction was estimated by the
combination of standard uncertainty of each parameter in above equation. Uncertainty budget of purity
determination by gqNMR is shown in the following table.

Table 14 Uncertainty budget for purity determination of K55.d sample

Value of
Standard Value of standard Ui(Pgnmr) =
uncertainty component uncertainty Ci= ci = u(xi)|
component u(x;) Source of uncertainty Xi u(x;) of/ox; / (kg/kg)

. ANOVA (sample preparation, peak
NMR experiments L . 0.9018  kg/kg 0.0022  kg/ kg 1 0.00222
deviation and repeateability of NMR)

Mass, (sample + tare) 28.2747 mg 0.00350 mg -Panmr/Ma 0.00031

Mass, tare 24.8621 mg 0.00350 mg Ponmr/Ma 0.00031
Balance

Mass, (std + tare) 36.385 mg 0.00350 mg Panmr/ms 0.00180

Mass, tare 24589 mg 0.00350 mg -Pgnmr/Ms 0.00180

Included in Pgmr
Area, sample 5260.6 Panmr/S —
P (ANOVA) ANMRTSR
NMR, Area included in P
ncluded in
Avrea, std 31178.9 MR -Porir/Ss —
(ANOVA)

NMR peak saturation, sample 1 0.00003 Ponmr/Ra 0.00003
NMR, relaxation

NMR peak saturation, std 1 0.00003 -Ponmr/Rs 0.00003

'H Natural abundance, sample 1 0.00004 -Panmr/Na 0.00004
H-1 nucleus

'H Natural abundance, std 9 0.00040 Panmr/Ns 0.00004

Molar mass, sample 441.404  g/mol 0.017  g/mol Panmvr/Ma 0.00004
Molar mass

Molar mass, std 224.35 g/mol 0.01 g/mol -Panmr/Ms 0.00004
Purity, Internal Internal std 09230 kgl 0.00400 kgkkg  PawlP 0.00301
standard : g/kg : g/kg anmr/Ps .

Combined standard uncertainty : 0.0052
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Final purity mass fraction (Pkss.d sample) Was calculated by subtracting mass fraction of tautomerism isomer
obtained with LC-CAD (Crelated imp2) @S mentioned in section 7-1 from Pgnmr.

Pkss.d sample Was calculated using the following equation.
Panvir = 0.9018 kg/kg = 901.8 mg/g

P = =901.8 -3.17 = 898.6 mg/g

K55.dsample — TgNMR Crelatedir’rpz

Associated uncertainty was estimated using u(Pqnmr), U(Crelated imp2), and a difference between the final
purity and purity mass fraction determined by mass balance approach (Pmass balance) @S @ method variation.
Pmass balance = 1000 — (Ctotal related imp + Cwater + Cresidual solvent T Cresidue)

= 1000 — (7.24 + 79.81 + 0.05 + 0.35) = 912.6 mg/g

In this study, uncertainty of the method variation, u(Vmetnod), Was calculated using a triangular distribution
from 912.6 mg/g to 898.6 mg/g because the final purity based on gNMR considered the effect of the
unknown impurity. The u(Vmethod) Was estimated using the following equation.

U(Vimethod) = (912.6 — 898.6) / V6 = 5.7 mg/g

The u(Pkss.d sample) Was estimated using the following equation.
u(Pgnmr) = 0.0052 kg/kg = 5.2 mg/g

U(Crelated imp2) = 0.10 mg/g

U(Vmethod) = 5.7 mg/g

U(Pks5.d sample) = \/(5.2)2 + (0.10)2 + (5.7)2 =7.7mglg

Lab ID NMISA
Measurement Equation:

Wrolic acid = 1000 — (Wimp HPLC-UV + WRS + WH20 + Why)

Parameter | Description

Weic acid Mass fraction of Folic acid in K55d sample (mg/qg)

Moisture-corrected mass fraction of the sum of organic impurities

WimprpLc.uv | determined by external calibration by HPLC-UV and %peak area response

(mg/g)

Wrs Mass fraction of residual solvent (mg/g) determined by HS-GC-FID

Mass fraction of water in K55d sample (mg/g) determined by KF coulometry

w . .
He0 (direct insertion & oven transfer) and TGA

Why Mass fraction of inorganic/ non-volatile residue (mg/g) determined by TGA
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Structurally related impurities uncertainty contributors (similarly for acetone):

4-ABGA 3.84|mg/g
Uncertainty parameter Source X u/x Vi TYPE
Mass balance From certificate| 0.005 0.0019 10000 B

ESDM of repeat

Precision . 3.838452 | 0.009964 4 A

analysis

R -

Error on est. CEreSSION 1 3 838452 | 0.032144 7 A

analysis

0.0011361 uc/x

Regression 0.13 uc
LOD (mg/g) 0.49 0.26 U(k=2)  1.72E+09 veff
LOQ (mg/g) 1.63 6.7 % Rel U

Example of uncertainty contributor for unknown impurity 1 (similarly for impurity 2-6 and
residual solvent 1)

Uncertainty parameter Source X u(x) u(x)/x vi TYPE
ESDM of t
Precision OTTEPEA] 0.084942| 0.002759| 0.032481| 5 A
analysis
deviation

between min

Response factor error and max 0.037067| 0.010823| 0.291994( 10000 A

response/ sqrt
n

0.024956 uc/x

0.050 U=2xu
59 %Urel
TGA determination uncertainty contributors:
Uncertainty parameter Source X u(x) u(x)/x Vi TYPE
. ESDM of
Precision . 3.21 0.594 0.185023 4 A
repeat analysis
Recovery
against
Accuracy (CaOX) Calcium 0.9853 0.00091 | 0.000924 4 A
Oxalate Ref.
Std
0.185026 uc/x
0.59 uc
4.00 veff
2.78 k
1.6 U (k=2.78)
51.4 %Urel
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Moisture content determination uncertainty contributors:

KF Oven transfer

X

u(x)

u(x)/x

Vi

type A/B

Precision

78.75585

0.817558

0.00734

Accuracy (NIST SRM2890)

1.004068

0.002657

0.002647

D

Accuray Oven transfer std

0.992279

0.005209

0.005249

0.009404

uc/x

0.740651

uc

3.367832

veff

3.182446

k

2.357081

U (k=2.4)

3.0

%Urel

KF direct insertion

X

u(x)

u(x)/x

Vi

type A/B

Precision

82.61413

0.735852

0.006298

Accuracy (NIST SRM2890)

1.043466

0.005035

0.004826

0.007934

uc/x

0.655499

uc

3.148451

veff

3.182446

k

2.086091

U (k=2.4)

2.5

%Urel

TGA

u(x)

u(x)/x

Vi

type A/B

Precision

75.69

0.154434

0.00204

Accuracy (CaOX)

1.020902

0.001274

0.001248

0.002392

uc/x

0.181039

uc

7.553836

veff

2.364624

k

0.428088

U (k=2)

0.57

%Urel

Combined KF oven transfer, direct inser

tion and TGA results and UoM:

X

u(x)

U (k=2)

79.0

2.1

4.1
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Lab ID NRC
lan pcal Man Mcal Van

W - Pcal

lcal pan Mcal Man Veal

Where for analyte (an) and calibrator (cal):

P = purity

= integrated signal area

number of protons integrated

molar mass (g/mol)

weighed mass ()

n = amount of substance (mol)

V = volume by mass (g) - for external standards only
w = mass fraction of folic acid (mg/g)

Combined uncertainty for gNMR:

o e ) () ] A () (o2 2] )

The major contribution to the uncertainty resides in the determination of lan/Ical as a result of
uncertainties in sample preparation, repeatability, instrument tuning and shimming, manual phasing,
baseline correction and integration. The uncertainty due to these components was estimated by the
standard deviation of the measurement of the purities of four independently prepared and measured
replicates of folic acid using maleic acid as either an internal or external calibrator. The maleic acid
was independently value assigned using the same methodology using benzoic acid (NIST 350b) as
the internal standard. The uncertainties arising from the molar masses, weighings and calibrator
purity proved insignificant relative to the NMR determination of lan/Ical. A minor correction for
related substances underlying the folic acid resonance was applied.

S <> ~—
TR
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Lab ID SIRIM

Assigned value of folic acid purity was obtained by qNMR. Below are the details of the
method that has been carried out.

Equationl - ]A?m ] NSr'd . Mzimz ] msm’ ] P
Ana ] N M Sfd
St Ana Std m Ana
(folic
with Ana analyte acid)
Std internal standard (1,2,3,4-tetrachloro-3-nitrobenze)
P purity
I integral peak area
N number of magnetically equivalent protons
M molecular mass (g/mol)
m weighed mass
Table 1: Determinaton of content of folic acid
M N Purity content in %
Folic Acid 440.400 3
Int. Std 260.890 1 99.72
Py - mean (10 samples) 90.22
SD 0.56457
Uw(Panalyte) 0.17853
rel. uncertainty 0.00198
Table 2: Uncertainty budget - applying equation 1
uncertainty value of value uncertainty rel. uncertainty
rel. purity P,, (integration) % 90.22 0.178531 0.001979
mol. mass folic acid 440.400 0.0154275 0.000035
mol. Mass Int std 260.890 0.006034 0.000023
weight folic acid (mean of 10) mg 22.3712 0.000116 0.000005
weight Int std (mean of 10) mg 13.8878 0.000116 0.000008
content Int Std. % 99.72 0.085000 0.000852
uncertainty 0.194428 0.0021551
uncertainty U95 (k=2) 0.388855

Purity Folic acid:
902mg/g +4 m
902% *04 %

with 95% confidence
level (k=2).
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Lab ID UME

a. Mass balance Purity- Measurement Equation

Wa=Ma/ Ma+2 My = Na*M(A)/ Ma + X M,

wa mass fraction of main component A in the material

ma mass of A in an aliquot of the material

¥mx summed mass of minor components (impurities) in the same aliquot
na moles of A in an aliquot of the material

M(A) Molar mass of A

Wa =1000- (Wrs + Ww + Wvoc + Wiy )
WRS = mass fraction of related structure impurities in the material
wW = mass fraction of water in the material
wVOC = mass fraction of residual solvent (volatile organics) in the material
WNV = mass fraction of non-volatile compounds in the material
The uncertainty of the result of folic acid was mainly affected by the following sources:
- Sample preparation, sample weight
- Repeatability

Table 2. Parameters and their values taken into account in the calculation of uncertainty of the results

Parameter Value(X) u(x) u(x)/X
Sample weight 5.000 0.00002774 0.00000555
Repeatability 100.000 0.397 0.004
Relative Combined Uncertainty 0.004
Result (mg/g) 911.365

Standart Combined Uncertainty 3.620

Expanded Uncertainty ( k=2) 7.239

Reported Value Expanded

Uncertainty (k=2) 911.365 + 7.239
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IsZ
PA:

P _ Is r.|Std Ms rnStd P
AT | M std
Std ns std m

mass fraction of internal standard.

. weight of internal standard.

: molecular weight of internal standard.

number of hydrogen of the quantification peak of internal standard.
peak area of quantification peak of internal standard.
weight of folic acid sample.

number of hydrogen of the quantification peak at the common structure part of homologues
of folic acid sample.

peak area of quantification peak of folic acid sample.

mass fraction of sample(Folic acid)
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Lab ID

VNIIM

WraA = 1000 — (Wrel.sabst.+ Wwater + Winorg+ W voCs.)

WEa. - mass fraction of folic acid;

Wrel.sabst. - Mass fraction of total related structure impurities;

Wrel.sabst.= W imp.A + W imp.D + 2 W(unident. impurity)i

Wwater - mass fraction of water;

Winorg - Mass fraction of inorganic impurities;

Wvocs - mass fraction of VOCs

UFA =
components u, mg/g Relative contribution, %

Imp. A 0,146 7,07
Imp.D 0,016 0,77

¥ unident. impurities 1,50 72,64
water 0,39 18,89
Inorganics 0,0035 0,17
VOC 0,0096 0,46
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