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Abstract

- Edson G. Moreira' - Marina B. A. Vasconcellos' + Camila N. Lange' - Tatiana Pedron” -

Reference materials are used worldwide and necessary for quality control purposes during analytical determinations. The
present study describes the stability evaluation of a bovine kidney reference-material candidate. An isochronous layout was
performed, in which the flasks involved are exposed at different temperatures for different time periods and then are
analyzed at the same time at the end of the study. The mass fractions of ten inorganic constituents were determined using
instrumental neutron activation analysis and inductively coupled plasma mass spectrometry. Statistical analysis, univariate
and multivariate, showed no significant differences in composition between units exposed to the different temperatures and
times. The reference material may be transported under normal transportation conditions and the certified values and

uncertainties will continue to be valid for a period of 2 years.

Keywords Bovine kidney reference material - Stability study - Neutron activation analysis - Inductively coupled plasma

mass spectrometry - Principal component analysis

Introduction

Food of animal origin, particularly meat, should be part of
a balanced diet, as they provide valuable nutrients that are
beneficial to health. They are excellent sources of high
quality protein, have iron and zinc readily available, vita-
mins B6, B12, B2 and vitamin A. They also increase the
absorption of iron and zinc from vegetables. There is evi-
dence of strong associations between the intake of food of
animal origin and better physical and cognitive develop-
ment in children [1].

Meat products have a great relevance in Brazil. Brazil is
one of the main exporter countries of bovine meat in the
world and the consumption of bovine meat per capita in
Brazil is more than double the world average [2]. Meat
production affects the economic development of the

< Liliana Castro
Icastroesnal @ gmail.com

Instituto de Pesquisas Energéticas e Nucleares — IPEN -
CNEN/SP, Av. Prof. Lineu Prestes 2242, Sao Paulo,
SP 05508-000, Brazil

Centro de Ciéncias Naturais ¢ Humanas, Universidade
Federal do ABC, Avenida dos Estados 5001, Santo André,
SP 09210-580, Brazil

different producing regions and on the other hand, consti-
tutes one of the most important sources of proteins and
nutrients for the population. All these facts bring the need
to perform different chemical measurements in meat, either
to meet strict export standards, or local regulations for food
safety and for quality control of products. In order to
provide a tool for quality control of some of these chemical
measurements, a new local reference material of bovine
kidney has been prepared. This material was prepared
using fresh bovine kidneys from cattle reared under con-
trolled feeding conditions. The kidneys were grinded,
lyophilized, sieved and sterilized with a gamma radiation
dose of 10 kGy [3]. The material was identified as “IPEN
RB1-Trace Elements in Bovine Kidney”.

The present work describes the short and long-term
stability evaluation of this material using instrumental
neutron activation analysis (INAA) and inductively cou-
pled plasma mass spectrometry (ICP-MS) to cover a wider
range of possible contaminants and nutrients.

Evaluation of the stability is an important step in the
characterization process of any reference material. In the
stability tests, the environmental conditions to which ref-
erence materials could be exposed during transport and
storage are simulated to determine if there is significant
degradation of the analytes or the matrix. They are
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generally based on measuring the analytes in different units
of the reference material that have been exposed to dif-
ferent temperatures during different times. The short-term
tests are used to decide whether the material is
stable enough to become a reference material and to
determine the conditions under which it should be trans-
ported to end users [4, 5]. They are usually performed for a
short period of time (up to 8 weeks) and the reference
materials are exposed to maximum temperatures which are
estimated to occur during transportation. From the evalu-
ation of the results, suitable conditions can be chosen to
carry out transport in such a way that the instability is
negligible. In this case, the uncertainty component due to
short-term stability can be neglected [6].

Long-term tests are used to define the shelf life of the
material. They are performed for a longer period, up to
2 years, at the reference material’s storage temperature [7].

In both stability tests, the existence of temporal trends at
the different working temperatures should be analyzed
using regression analysis. In the absence of trends, the
measurements can be analyzed by analysis of variance
(ANOVA) [6]. In order to reduce the analytical variability
introduced by performing the measurements over a long
period of time, an isochronous layout was chosen [4, §]. In
the isochronous layout all the units involved are analyzed
at the same time under repeatable conditions at the end of
the study.

In this study multivariate techniques such as principal
component analysis (PCA) were applied to complement the
traditional univariate analysis. Multivariate techniques can
provide much more information than univariate techniques
because they take into account the correlation among many
variables at the same time. They make possible a graphical
representation of a larger amount of information allowing a
simpler visualization of the data set and facilitating its
evaluation [9], showing underlying structures of data not
visible by other means [10]. Despite their usefulness, there
are not many precedents in using these statistical tech-
niques in the characterization of reference materials. There
are some antecedents in the literature for homogeneity
assessment [3, 11-14] but only one for stability evaluation
[15].

Finally, the uncertainty component due to long-term
stability was estimated. In ISO Guide 35 [16] two
approaches are recommended for the estimation of the
uncertainty component due to long-term stability. The
more conservative approach, used in this work, was pro-
posed by Linsinger et al. [17].
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Experimental
Experimental design

For the short-term stability evaluation of the bovine kidney
reference-material candidate, nine bottles from the total
batch of 175 were chosen using a random stratified scheme.
Bottles were stored at 20 + 3 °C (acclimatized room) and
50 £ 2 °C (Fanem Orion 515C oven) for different time
periods (2, 4, 6 and 8 weeks). One bottle was stored at
— 20 £ 2 °C (Brastemp Flex Freezer) to be used as
control.

For the long-term stability evaluation, nine bottles from
the total batch of 175 were also chosen using a random
stratified scheme. Bottles were stored at 20 &= 3 °C (ac-
climatized room) for 3, 6, 9 and 12 months. This temper-
ature was considered to be representative of the standard
conditions in which reference materials are stored. One
bottle was stored at — 20 & 2 °C (Brastemp Flex Freezer)
to be used as control.

Figure 1 shows the isochronous layouts used. The sha-
ded spaces represent the storage time of a given bottle at
each temperature until the end of the study, when all
measurements were performed. Three test portions of each
bottle were randomly measured by INAA for the deter-
mination of Cl, Co, Fe, Mg, Mn, Na, Se and Zn and ICP-
MS for the determination of As and Cu.

Element determination using INAA
Samples and elemental calibration standards preparation

Approximately 0.150 g of each sample was weighed in
polyethylene bags, previously cleaned with 10% nitric acid
and Milli-Q water, using a Shimadzu Libror AEL 40 SM
analytical balance. Calibration standards were prepared
from high purity standard solutions (LGC Standards, UK,
and SPEX Certiprep Inc., USA) or appropriate dilutions of
these standard solutions using Milli-Q water (Millipore
Corporation, USA). Appropriate aliquots of these solutions
were pipetted onto Whatman 40 filter papers and dried
inside a laminar flow hood. After drying, filter papers were
transferred to polyethylene bags, previously cleaned with
10% nitric acid and Milli-Q water.

Irradiation, measurement and interpretation of gamma
spectrum

All the measured test portions were weighed in poly-
ethylene bags. These bags were previously cleaned with
10% nitric acid and Milli-Q water. Test portions and ele-
ment calibration standards were irradiated simultaneously
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under a thermal neutron flux of 4.6 x 10> n cm2s™! at

the IEA-R1 nuclear research reactor of the Nuclear and
Energy Research Institute, IPEN - CNEN/SP, Sao Paulo,
Brazil.

Test portions and element calibration standards were
irradiated for 20 s, to perform the determination of short
lived radionuclides (*’Mg, **Mn and **Cl). The samples
and standards in sequence were measured for 300 s to
determine 27Mg and 38Cl; and remeasured for 300 s to
determine “*Mn after about 30 min decay period.

Test portions and element calibration standards were
irradiated for 6 h to perform the determination of
radionuclides with intermediate and long half lives (6OC0,
e, ?*Na, ">Se and 65Zn). Sodium was measured for 1 h,
after a 6-day decay period. Co, Fe, Se and Zn radionuclides
were measured for 6 h, after a 21-day decay period.

Gamma ray measurements were performed using a
GC2018 Canberra HPGe detector coupled to a Canberra
DSA-1000 digital spectral analyzer. Gamma ray spectra
were collected and processed using a Canberra Genie 2000
version 3.1 spectroscopy software and all element mass
fraction calculations were carried out using a Microsoft
Excel spreadsheet.

Element determination using ICP-MS
Samples and calibration standards preparation

About 0.200 g of each sample was weighted in MARSX-
press tubes (CEM Corporation), previously decontaminated
with 20% HNOj;, using an Ohaus Adventurer AR2140
analytical balance. Samples were dissolved by acid diges-
tion in a microwave furnace MARS 6 (CEM Corporation)
using 10 ml of 20% (v/v) p.a. HNOj3, high pressure and a
maximum temperature of 200 °C. For the analytical
determination of the elements, an eight-point multi-ele-
mental calibration curve was prepared by appropriate
dilution of high purity standard solutions (Perkin Elmer

Pure Plus, USA, and SPEX Certiprep Inc., USA). All
dilutions were made with 4% HNO5 as diluent. All used
volumetric materials were gravimetrically calibrated before
use.

Element determination

After digestion, sample solutions were cooled to room
temperature and diluted with ultra-pure Milli-Q water to
reach a 4% HNOs concentration. Total determination of
chemical elements was performed using an Agilent 7900
mass spectrometer (Hachioji, TY, Japan). Conditions used
for the analysis are listed in Table 1.

Results and discussion
Tables 2 and 3 shows the mean value, expressed in mass
fraction, for each element obtained in the bottles analyzed

in the short-term and in the long-term stability studies,

Table 1 Operational conditions for ICP-MS

5As and **Cu

1931 and %Y

Monitored isotopes

Internal standards

Radio frequency power 1550 W
Sample depth 8.0 mm
Nebulizer pump 0.30 rps
Sprays chamber (Scott double pass) 2°C

Argon flow rate 151 min™"
Nebulizer MiraMist™
Nebulizer gas flow rate 0.9 1 min~!

Collision cell Helium (purity > 99.999%)

—1

He flow rate 12.0 ml min

Interface Nickel cones
Sample cone 1.00 mm
Skimmer 0.45 mm
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Table 2 Mass fraction obtained in the short-term stability study for each analyzed bottle of the candidate reference material. Uncertainties are

expanded uncertainties (k = 2)

Temperature (°C) Bottle Time (weeks) As (ug kg_') Cl (%) Co (mg kg_l) Cu (mg kg_l) Fe (mg kg_')
20 49 8 207 £ 19 0.950 £ 0.082 1.65 £ 0.10 16.5 £ 1.0 253 + 18
74 6 233 £+ 51 0.918 £ 0.077 1.60 £+ 0.10 170 £ 2.4 246 + 19
142 4 209 + 27 0917 £+ 0.077 1.63 £ 0.10 164 £ 1.3 253 + 19
31 2 217 £+ 30 0.890 £+ 0.075 1.74 £ 0.11 168 + 1.3 251 £ 19
50 60 8 216 £ 11 0.956 £+ 0.083 1.64 £ 0.10 16.7 £ 1.0 244 + 18
33 6 222 + 49 1.028 £ 0.089 1.67 £ 0.11 170 £ 1.8 247 + 19
150 4 225 + 37 0.877 £ 0.072 1.59 £ 0.10 16.6 £ 0.8 246 + 19
136 2 231 £ 10 0.927 £+ 0.079 1.70 £+ 0.11 162 £ 1.1 261 + 19
- 20 144 0 218 + 19 0.923 £ 0.080 1.65 £ 0.11 165+ 1.3 252 + 19
Temperature (°C) Bottle Time (weeks) Mg (mg kg_l) Mn (mg kg_l) Na (%) Se (mg kg_l) Zn (mg kg_l)
20 49 8 797 + 100 52+ 1.1 0.759 + 0.021 6.85 £+ 0.51 93.8 £ 4.6
74 6 694 + 97 52+1.0 0.768 + 0.021 6.71 £ 0.50 90.2 £ 4.5
142 4 787 £ 129 5.0+ 1.0 0.769 £+ 0.022 6.76 £ 0.50 942 £ 4.6
31 2 722 £ 118 44 +10 0.773 £+ 0.021 6.90 £ 0.51 923 £ 46
50 60 8 772 + 124 57+12 0.788 £ 0.022 6.84 £+ 0.51 90.2 £ 4.5
33 6 785 + 115 48 £ 1.0 0.767 £+ 0.022 6.61 £ 0.50 919 £45
150 4 663 + 92 51 +£1.0 0.761 £ 0.021 6.69 + 0.49 91.7 £ 45
136 2 773 + 123 4.7+ 1.1 0.775 £+ 0.022 7.08 £+ 0.52 96.6 + 4.8
- 20 144 0 690 + 102 45+09 0.788 £ 0.023 6.85 £+ 0.51 92.8 £ 4.6
T:?}'lee ?Orll\gii;gﬁ;‘gﬁlfybﬁggd Time (months) Bottle As (ug ke™') Cl (%) Co (mgkg™") Cu(mgke ') Fe (mgkg ")
for each analyzed bottle of the 30 207+ 17 1019 + 0087 175+ 0.11 163 +22 245420
candidate reference material.
Uncertainties are expanded 3 25 220 + 5 0913 £ 0.077 1.70 £ 0.11 159 £ 0.5 243 + 19
uncertainties (k = 2) 116 226 + 27 0.934 £ 0.079 1.67 £ 0.11 16.1 £ 0.7 253 + 20
6 28 209 £ 5 0.941 £ 0.080 1.66 £ 0.11 164 £ 2.2 242 + 21
135 229 £+ 25 0.925 £ 0.080 1.62 £+ 0.10 159 £ 19 249 + 20
9 83 225 + 33 0.899 £+ 0.075 1.60 £+ 0.10 162 £ 1.0 246 + 20
105 210 £ 25 0.949 £+ 0.079 1.62 £+ 0.10 155 £0.2 242 + 19
12 10 217 £+ 45 0.983 £ 0.082 1.71 £ 0.11 16.2 £ 2.0 245 + 19
153 222 + 22 0.931 £ 0.077 1.92 £ 0.12 162 £23 246 + 22
Time Bottle Mg Mn Na (%) Se (mg kgfl) Zn (mg kgfl)
(months) (mgkg™)  (mgkg™)
0 30 771 + 101 53+ 1.0 0.866 &+ 0.024 6.9 + 0.5 933+ 4.6
3 25 714 + 91 53+ 1.0 0.837 £ 0.023 6.9 £ 0.5 91.1 £45
116 662 + 88 52+ 1.0 0.851 £ 0.059 7.1 £0.5 933+ 4.7
6 28 689 + 122 52+ 1.1 0.806 + 0.022 6.7 £ 0.5 89.3 + 4.5
135 627 + 89 50+ 1.0 0.853 £ 0.059 6.9 £+ 0.5 92.1 £4.5
9 33 760 + 108 49 £+ 09 0.841 £ 0.023 6.7 £ 0.5 90.5 + 4.4
105 703 + 94 54+ 1.0 0.844 £+ 0.023 6.8 +£ 0.5 909 + 4.6
12 10 829 + 117 54+ 1.0 0.841 £ 0.023 7.0 £ 0.5 923 £ 4.7
153 762 + 115 51+1.0 0.848 + 0.023 6.9 + 0.5 935+ 4.7
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respectively. The uncertainty presented with each value in
both tables is an expanded uncertainty, with a coverage
factor k = 2 (approximately 95% confidence).

In order to evaluate the presence of trends, results
obtained in both studies, at each analyzed temperature were
plotted against time of the exposure. As an example, Fig. 2
presents the results obtained for analytes As and Zn. Linear
regression fittings were performed, as recommended in ISO
Guide 35 [16]. Then, ANOVA for the linear regression was
performed. This analysis allows evaluating if there is any
significant slope, and therefore a trend, in results. The
results obtained are shown in Tables 4 and 5.

As it can be seen in Table 4 and Table 5, F < F_ and
p < 0.05 for all analyzed elements at both stability studies
showing the absence of any significant trend at a 95%
confidence level.

For the short-term stability study, after discarding the
presence of trends, a one-way analysis of variance was
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performed to evaluate if there were significant differences
between the two studied temperatures. Table 6 presents the
obtained values for F calculated and p values, along with
mean square values (MS), obtained by ANOVA for each
analyzed element. In all cases the obtained results were
satisfactory, since no statistically significant differences
were observed between bottles exposed at each
temperature.

To confirm and complement this univariate analysis, a
principal component analysis was performed for the short-
term study using Statistica 7.0 software program [18].
Figure 3 shows the score plots for the first two principal
components which explain approximately 60% of the total
variability. Bottles analyzed at different temperatures are
represented by a different type of mark. Results of all the
analyzed test portions are shown in the graph, so each
bottle appears three times. As it may be seen, no evident
group or tendency can be observed, indicating the
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c A d
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Fig. 2 Study of trends as a function of the time of exposure for the analytes As and Zn. Results obtained in the short-term study at 20° C (a) and

50° C (b) and in the long-term study (c)

@ Springer



1138

Journal of Radioanalytical and Nuclear Chemistry (2018) 317:1133-1139

Table 4 ANOVA results for linear regression at the two analyzed
temperatures in the short-term stability study

Element 20 °C 50 °C F.
F p value F p value

As 0.06 0.81 0.46 0.51 4.67
Cl 0.59 0.46 0.93 0.35 4.67
Co 0.71 0.41 0.56 0.47 4.67
Cu 0.07 0.80 1.77 0.21 4.67
Fe 0.01 0.93 1.97 0.18 4.67
Mg 227 0.16 1.58 0.23 4.67
Mn 2.96 0.11 29 0.11 4.67
Na 1.03 0.33 0.02 0.88 4.67
Se 0.11 0.74 1.35 0.27 4.67
Zn 0.001 0.98 2.1 0.17 4.67

Table 6 ANOVA table for the study of short-term stability

Element MSpetween MSithin F p value F.
As 293 204 1.43 0.24 4.3
Cl 484,462 696,407 0.70 0.41 43
Co 0.0003 0.006 0.04 0.84 43
Cu 57,642 326,564 0.18 0.68 43
Fe 18 166 0.11 0.74 4.3
Mg 19 5657 0.003 0.95 43
Mn 0.07 0.41 0.16 0.69 4.3
Na 16,210 103,782 0.16 0.70 4.3
Se 0.003 0.085 0.03 0.86 43
Zn 0.0001 18.5 0.00006 0.998 43

F. is the F distribution critical value for the level of significance

F. is the F distribution critical value for the level of significance

o = 0.05; and degrees of freedom vy = 1; v, = 22

o = 0.05; and degrees of freedom v; = 1; v, = 13

Table 5 ANOVA results for

linear regression in the long- Element F pvalue Fe

term stability study As 0.06 0.80 4.4
Cl 040 0.53 4.24
Co 122 0.28 4.24
Cu 0.02 0.90 4.24
Fe 0.11 0.74 4.24
Mg 1.79 0.19 4.24
Mn 0.06 0.81 4.24
Na 0.38 0.54 4.24
Se 0.26 0.62 4.24
Zn 0.05 0.83 4.24

PC 2: 19,35%

'
-

'
N

'
w

'
I

-8

PC 1:38,91%

F. is the F distribution critical
value for the level of signifi-
cance o = 0.05; and degrees of
freedom v, = 1; v, =25

equivalence of the samples in all cases and confirming
results obtained by univariate analysis.

Estimation of the uncertainty component due
to long-term stability

The uncertainty due to long-term stability (u) is based on
the regression curve obtained for the concentration as a
function of time in the long-term stability study. When the
trend is not significant, the uncertainty in the determination
of the angular coefficient (u,) of the regression curve can
be considered as the uncertainty corresponding to the
determination of the degree of degradation of the material.
The uncertainty due to long-term stability (1) can be then
estimated using Eq. 1.

@ Springer

Fig. 3 Score plot of the first two principal components for the short-
term stability study. Samples exposed at 20 °C (white circle), 50 °C
(black circle) and —20 °C (plus sign)

Us = Uy X T (1)

For this estimation, a shelf life time (f) must be defined.
The longer the shelf life, the greater will be the contribu-
tion of uncertainty to stability.

Table 7 shows the angular coefficients, their associated
uncertainties and the uncertainty component due to sta-
bility for a shelf life of 24 months. The angular coefficients
and their uncertainties were obtained from the ANOVA
tests for linear regression presented in Table 5. Also shown
in Table 7 is the stability uncertainty relative to the mean
concentrations obtained for each element in the flasks
analyzed. The obtained values were considered accept-
able for all the analyzed elements.
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Table 7 Estimation of standard 1

—1

uncertainty due to long-term Element a (mg kg month_l) u, (mg kg month_l) Uy (Mg kg_l) Uts relative (%0)
stability for a shelf life of As — 0.00014 0.00053 0.0128 5.8
24 months

Cl —20.8 327 784 8.4

Co — 0.004 0.004 0.1 54

Cu — 0.004 0.030 0.7 4.6

Fe - 0.17 0.50 12.1 4.9

Mg 6.0 4.45 107 15.0

Mn — 0.007 0.028 0.7 12.9

Na -89 14.4 345 4.1

Se — 0.008 0.016 0.4 5.6

Zn —0.033 0.153 3.7 4.0
Conclusions 4. Lamberty A, Schimmel H, Pauwels J (1998) The study of the

The short-term and long-term stability for the bovine kid-
ney reference-material candidate was assessed, at a 95%
confidence level, by regression analysis, analysis of vari-
ance and confirmed by multivariate analysis for As, Cl, Co,
Cu, Fe, Mg, Mn, Na, Se and Zn. No trends were observed
in the results with respect to the exposition period at the
different chosen temperatures. In the short-term study, no
statistically significant differences were observed between
units exposed to the different temperatures, showing that
the reference material is stable enough and may be trans-
ported under normal transportation conditions and the
uncertainty component due to short-term stability can be
neglected. In the long-term study, no trends were observed
in the evaluated period. The uncertainty component due to
long-term stability was estimated for a period of
24 months, so the future certified values and uncertainties
will remain valid for this period if the reference material is
stored at room temperature.
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