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ORIGIN, PREPARATION AND TESTING

Polish Virginia Tobacco Leaves material, grown in Poland, was prepared by the Institute of Nuclear Chemistry and
Technology (INCT). Dried leaves were procured from the POLSKI TYTON Company (Poland). The grinding and sieving
process of the material was performed at the company: Przetworstwo Rolno-Spozywcze "KANIA" Sp. z 0.0. (Czestochowa,
Poland). Tobacco leaves were cut and ground using a grinding machine, followed by sieving through sieves 100 pum. The part
of the material, which passed through the sieve was collected and stored in a polyethylene (PE) bag, whereas the retained
fraction was ground and sieved again. Approximately 48 kg of ground and sieved tobacco leaves powder was finally obtained.
Examination by optical microscopy revealed that Martin's diameter of over 90% of particles was below 60 um. The whole lot
of the material was then transferred to a 110 dm?3 PE drum and homogenized by rotating in three directions for 16 hours. After
this time the preliminary homogeneity testing was carried out by determining Ca, Fe, K and Sr content by X-ray fluorescence
(XRF) in several 5 g subsamples taken from the drum. The results did not reveal any signs of inhomogeneity. The next step
was distribution of Polish Virginia Tobacco Leaves (INCT-PVTL-6) into 150 cm3 polypropylene (PP) bottles with a screw cap
in 50 g portions (future CRM) and in 10 g portions into 60 cm3 polyethylene tetraphtalate (PET) bottles (intercomparison
samples). In order to ensure long-term stability of the new CRM, all containers with INCT-PVTL-6 were sterilized by electron
beam radiation (energy 13 MeV) from a linear accelerator LAEA-13. The dose amounted to approximately 30 kGy. Final
homogeneity checking of the material for the sample size 100 mg was accomplished by means of instrumental neutron
activation analysis (INAA) and inductively coupled plasma-mass spectrometry (ICP-MS). Statistical evaluation of results (using
Fisher's and t-Student's tests) obtained by INAA for Ba, Co, Cs, Eu, Fe, Hf, Rb and Sc proved good homogeneity. Analogous
conclusion followed from the analysis of variance (ANOVA) of the results for Ba, Cd, Co, Eu, La, Li, Mg, Mn, Sr and V
determined by ICP-MS. Hence, INCT-PVTL-6 can be considered as homogeneous at least for sample mass >100 mg.



Long-term stability of the material was checked by comparing results obtained for one bottle (randomly chosen)
stored under controlled conditions: in the air-conditioned room at 20°C (normal storage). Samples of the CRM (ca. 100
mg) were taken from the bottle after 0, 6, 12, 18 and 22 months of storage and concentration of six selected elements
(Ce, Co, Fe, Rb, Sc and Zn) was determined by INAA method. The stability of INCT-PVTL-6 will be monitored during the
whole storage period. On the basis of previous experiments the standard uncertainty due to short-term stability was found
to be negligible.

Determination of moisture content

In order to express the concentrations of elements on a dry-mass basis, moisture content should be determined on
a separate subsample (not taken for analysis) by drying at 75°C for 30 hours.

CERTIFICATION

Assigning of certified values was done on the basis of world-wide interlaboratory comparison in which 87 laboratories
from 18 countries participated providing 1250 laboratory averages (5581 individual determinations) for 79 elements. Their
cooperation is gratefully acknowledged. The participants along with the INCT-PVTL-6, analyzed also the CRM provided by
the organizers the identity of which was unknown to them. This enabled to create two databases. The first called "original”
contained all results for all elements in Polish Virginia Tobacco Leaves supplied by participating laboratories. The second
database called hereafter "alternative” was created from "original" database for these elements for which certified values in
the CRM (sent to participants and analyzed by them along with INCT-PVTL-6) were available. The alternative database was
created as follows. For every laboratory its results obtained for a given certified element in the CRM were examined whether
the confidence limits of the laboratory results at a significance level o = 0.05 overlap with the confidence limit of the certified
value in the CRM. If not, the results of this laboratory for the considered element were removed from the original population
of results for INCT-PVTL-6. Each of the two databases was subjected to statistical evaluation according to the method
published previously [1] with some later modifications [2-4]. This approach is based on the outlier's rejection procedure,
which uses concurrently four statistical criteria, namely those of Dixon (D), Grubbs (G), Skewness (S) and Kurtosis (K) at
o = 0.05, followed by calculation of overall means of results (remaining after the outlier rejection), standard deviations,
standard errors, confidence intervals etc.

The criteria used to decide whether the overall mean can be given the status of the certified value were as follows:

1. The ratio of the one-sided confidence interval and the overall mean:

SD -ty 05 | < 20% (trace elements)
X.-JN |<10% (major elements)
or relative standard deviation:

SD [<25% (trace elements)
X |<15% (major elements)

For the purpose of this work, elements with concentration exceeding 5000 mg kg=' (ppm) were considered to be the major
elements.
2. The overall mean was calculated on the basis of at least four "accepted" laboratory means (N = 4) obtained by more than
one analytical technique. If results from only one analytical technique are available, the number of "accepted" laboratory
averages used for the calculation of the overall mean can not be smaller than five (N > 5).
3. If the conditions (1) and (2) are fulfilled but the number of outliers exceeds 50%, the additional procedure is activated which
repeats the process of outlier rejection from the beginning, checking simultaneously the changes of the mean and standard
deviation accompanying successive rejections. The process of rejecting of outliers is then stopped when the successive change
in both the mean and standard deviation becomes lower or equal to 15%. The condition (1) is then rechecked.
4. If the above criteria are met but there are indications that after outlier rejection performed on the whole population, the
remaining populations of results obtained by various analytical techniques differ significantly, the assignment of certified
value is suspended.
"Information” values were assigned to those elements for which the results while not fulfilling simultaneously the conditions
(1)-(4) still fulfilled the following condition:

SD-tg0s {s 50% (trace elements)

X - +/[N | £30% (major elements)

calculated on the basis of at least three "accepted” laboratory averages, and are quoted as numbers only, i.e. without
confidence intervals. The elements for which the data did not fulfill the above criterion were considered to be outside of any
classification. Evaluation of data from the original and alternative databases by the method described above gave nearly in
all cases similar values of the overall mean and the confidence interval. For some elements (As, Cd and U) these data were
additionally confirmed by the results obtained by the radiochemical NAA ratio primary measurement reference procedure
(definitive method) [5-8]. The values for Al, As, Ba, Br, Ca, Cd, Ce, Cl, Co, Cr, Cs, Cu, Eu, Hg, K, La, Mg, Mn, Na, Ni, Pb,
Rb, S, Sc, Sm, Sr Tb, Th, Tl, V, Yb and Zn were finally determined (certified or information values assigned) using the
alternative database. The values for other elements were derived from the original database. The traceability of this CRM to
the Sl units is ensured by the use of RNAA ratio primary measurement reference procedure when applicable, the use of
analytical methods calibrated against pure metals or oxides with full uncertainty budget and QA/QC reference material
analyzed together with the candidate reference material.

According to recent trends and recommendations to CRM producers, in addition to analytical uncertainties also the
uncertainty due to the long-term stability, moisture determination and inhomogeneity are taken into account. Consequently,
the combined standard uncertainty of the certified value u. consists of four contributions:



- 2 2 2 2
uc‘ \/Ulnlenab + ulslab + I"inhom + um

where Ujnieap IS estimated as standard deviation of the overall mean, uy,;, the standard uncertainty estimated from the
long-term stability studies, u o the standard uncertainty estimated from homogeneity studies and u,, the standard
uncertainty due to moisture determination. The expanded uncertainty (U), corresponding to 95% confidence level, is
obtained by multiplying u by a coverage factor k = tj o5 (t-Student's parameter for o = 0.05 and n — 1 degrees of freedom,
where n is number of laboratory averages).

CERTIFIED VALUES FOR INCT-PVTL-6 (X *+ U)

Major and Minor Elements Trace Elements
Element  Concentration Element  Concentration Element Concentration
wi% mg kg™’ ngg™
Ca 2.297 + 0.078 Al 252 + 49 Ag 19.1 + 3.8
K 2640 + 0.090 B 334 £ 1.9 As 138 + 10
Mg 0241  0.009 g‘i ‘1‘;-2 : 13 ge :';3 z ;’1
r : i o

iy fdae & G Cd 223 £ 0.12 E 185 + 3.2
£ 0488 & 0450 Cu 512 + 020 Eu 140 26
Li 3.35 £ 0.67 Hf* 161 + 8

Mn 136 + 5 Hg 232 + 16

Ni 149 + 0.14 La 540 + 27

Rb 597 + 0.28 Mo 396 + 29

Sr 133 + 6 Nd 322 + 24

Zn 436 + 14 Pb 972 + 147

Sb 37.2 £+ 3.9

Sc* 595 + 34

Sm 58.0 + 4.3

Ta* 109 + 1.2

Tb 81 + 1.0

Th 888 + 6.8

\% 405 + 56

* certified on the basis of results by single analytical method

INFORMATION VALUES FOR INCT-PVTL-6

Bi 140 ngg” Fe 258 mg kg™ Ti 12.3 mgkg™
cl 0.457 wt% Na 62.4 mgkg™ Tl 228 ngg™
Cr 911 ngg” Pr 829 ngg” U 22.0 ngg™
Cs 26.6 ngg’ Sn 311 ngg”’ ¥ 218 ngg’
Yb 283 ngg”’

The shelf life of INCT-PVTL-6: 31 December 2020

The preparation and certification of INCT-PVTL-6 certified reference material was performed by the staff of the Laboratory
of Nuclear Analytical Methods, Institute of Nuclear Chemistry and Technology, under the direction of Dr. Zbigniew Samczynski.
More information on the material and the certification procedure is available in the published report [9].

Warszawa, March 31, 2010
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LIST OF PARTICIPANTS OF THE INTERCOMPARISON INCT-PVTL-6
(in alphabetical order)
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Mrs. M. Czapczyk M.Sc., Wojewddzka Stacja Sanitarno-Epidemiologiczna, Warszawa, POLAND; Dr. D. Danisiewicz-
-Czuprynska, Uniwersytet Gdanski, Gdarsk, POLAND; Dr. B. Danko, Mr. K. Kulisa, Dr. Z. Samczyniski, Instytut Chemii

i Techniki Jadrowej, Warszawa, POLAND; Mrs. G. Dembska, t. Zegarowski, Instytut Morski, Gdarisk, POLAND;

Dr. A. Drzewiriska, Wojskowa Akademia Techniczna, Warszawa, POLAND; Prof. Dr. J. Falandysz, Uniwersytet Gdanski,
Gdarisk, POLAND; Prof. Dr. Z. Fijatek, Mrs. M. Kiljan, Narodowy Instytut Lekéw, Warszawa, POLAND; Dr. M. C. Freitas,
Dr. H.M. Dung, Mrs. |. Dionisio, Institute for Technology and Nuclear, Sacavem, PORTUGAL; Mrs. R. Georgiewa,
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POLAND; Dr. R. Jacimovic, Josef Stefan Insitute, Ljubljana, SLOVENIA; Mr. A. Jaklewicz M.Sc., Akademia Medyczna,
Warszawa, POLAND; Mrs. A. Jeliiska M.Sc., Mrs. M. Miskiewicz, Mrs. J. Majchrowicz, Wojewddzki Inspektorat
Weterynarii, Gdansk, POLAND; Mr. Z. Kaliszewski M.Sc., Wojewddzki Inspektorat Ochrony Srodowiska w Biatymstoku,
POLAND; Dr V.K. Karandashev, Institute of Microelectronics Technology and High Purity Materials, Russian Academy of
Sciences, Moscow, RUSSIA; Mrs. D. Karmasz M.Sc., Mrs. E. Gérecka M.Sc., Panstwowy Instytut Geologiczny,
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