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INTRODUCTION

In the course of development of analytical chemistry,

emergence of new methods of elemental analysis and improvement

of traditional ones, it was gradually realized that this

progress is not always accompanied by the equal improvement of

the reliability of the results produced by numerous analytical

laboratories.

This problem is especially clearly visible in trace

analysis in particular when determining essential and toxic

elements in biological materials. As was shown in several

international intercomparisons, differences by two orders of

magnitude occur quite often while cases when the results

differed by three or more orders of magnitude were also

observed [1-3].

Certified Reference Materials (CRMs) are an indispensable

element of Quality Assurance. They play a key role in

demonstration of accuracy (or lack of accuracy) of analytical

work [4 - 6] and therefore should be widely available to

chemical laboratories.

In Poland, non-convertibility of Polish currency in the

past and general economic difficulties at present have caused

that the access of individual laboratories to CRMs issued in

other countries have been limited. On the other hand with the

increase of awareness of significance of quality assurance

in analytical measurements the demand for CRMs of various type

has been rapidly growing.

123



The aim of this project in the long run has been

preparation of the new biological reference material: Tobacco

Leaves of the "Virginia " type and its certification for the

content of possibly great number of trace elements. Further

aims have been: development of the suitable ^methods for

checking the homogeneity with the special emphasis on

homogeneity of small samples as well as the critical analysis

of the performance of various analytical techniques.

GENERAL PRINCIPLES

Preparation and certification of a candidate reference

material is a complex task consisting of several stages. As the

failure or blunder at any single stage may annihilate the

success of the whole enterprise there is a need for proper

strategy and the constant supervision of the execution of work

by the principal coordinator.

The general strategy worked out in our laboratory [7, 8]

may be summarized as follows:

a) The choice of the type of material

b) Collection of the suitable amount of the material

c) Selection and purchase of suitable containers, labels etc.

d) Preparation (comminution, grinding, sieving, isolation of

fraction of suitable particle size, homogenization etc.)

e) Preliminary homogeneity testing

f) Characterization of the material with respect to the

contents of the main constituents (optional)

g) Distribution of the material into containers

h) Final checking of homogeneity

i) Radiation sterilization (mandatory for biological materials)

j) Establishing of the method for moisture content

determination

k) Organization of interlaboratory comparison

1) Evaluation of results (rejection of outliers, calculation of

the means, standard deviations, confidence intervals etc. )

m) Assigning of "recommended" (certified) and "information"

values on the basis of previously formulated criteria

n) Printing of the certificate

o) CRM ready for distribution
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While every stage is important, special effort should be

made to assure participation in the interlaboratory comparison

of possibly great number of good laboratories.

Also, as can be inferred from the scrutiny of several

intercomparisons, the significant share of results by neutron

activation analysis (NAA) is a prerequisite for the successful

certification of some trace elements [9 - 11].

Equally important is the use of appropriate method of data

evaluation and realistic criteria for assigning "recommended"

values.

PREPARATION OF VIRGINIA TOBACCO LEAVES CANDIDATE CRM

Collection, and preparation

A new candidate reference material was prepared in

collaboration with the Institute for Plant Protection,

Kostinbrod (Bulgaria). Fresh tobacco leaves of the variety

"Virginia" were hand-picked, placed on porcelain trays , under

the roof and dried in the air for several weeks. Next, they

were transferred to drying house, placed on plastic trays and

dried at 40°C for 72 hours.

The dry leaves were comminuted by hand in big agate

mortars with agate pestles . Care was taken to avoid any

contamination of the material with metals. The workers did not

wear any jewellery or metallic embellishments and worked in

surgical gloves. All operations were performed in a special

laboratory in which smoking was prohibited. The ground leaves

were sieved through 80 /im all plastic nylon sieve. The fraction

retained on the sieve was returned to agate mortars for further

grinding. The ground and sieved material (ca.13kg) was

collected in a nylon bag.

Homogenization and preliminary homogeneity testing

Natural matrix reference materials are obviously

inhomogeneous on a microscopical scale. So, homogeneity which

is one of the basic requirements for a candidate reference

material can be achieved (for a given sample size) only by a

thorough mixing of the finely powdered material.
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Dry Tobacco Leaves powder ( ca.13 kg; particle diameter

0 £ 80 /im) was transferred to a 110 1 polyethylene (PE) drum

which was placed in a specially constructed homogenizer

(devised by Academy of Mining and Metallurgy, Cracow). The

homogenizer enables the rotation of the drum in three

directions thus assuring good mixing of the contents.

After 16 hour mixing 10 g sample was withdrawn, the

mixing continued for 5 mins. followed by sampling of another

portion and so on.

Preliminary homogeneity testing was done by X-ray

fluorescence (XRF) on 5 g samples pressed into 40 mm x 4mm

cylinders, measuring K lines from iron, calcium and

potassium respectively.

The overall variance (S ) calculated on the basis of

analysis of the three samples collected as described above can

be written as:

where:

s2 = s2 + s2 (i)

c h

2
S - variance of instrumental measurement which
c

depends mostly on counting statistics
2

S - variance due to possible inhomogeneity with the
h

contribution from the differences in sample

preparation
2

S was evaluated by repeating 3 times the measurement of each

sample. Hence S could be calculated as:
hS = V S - S (2)

h c

The results are shown in Table 1.

Low value of S (< 1.5'/.) , considering in addition the
h

fact that in this value are also included possible differences

in sample preparation, justifies the conclusion that the

material can be considered homogeneous.
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Subdivision of the candidate CRM

The material was distributed into 150 ml PE bottles

with a screw cap in 25 g portions (future CRM) and in 10 g

portions into PE envelopes which were subsequently heat-sealed

(intercomparison samples). The distribution was performed with

the aid of teflon scoop with adjustable volume constructed in

our laboratory, and PE or teflon vessels which were previously

cleaned with acids of spectral purity and washed with

bidistilled water according to procedure recommended by Mart

[12].

Determination of moisture content

Moisture content in any material may vary depending on

ambient temperature, humidity etc. Analytical results should be

related to a well-defined state of the material which can be

relatively easily reproduced in any geographical location. The

results are usually expressed as jig per g of the material on a

" dry-weight" basis. While with mineral matrix samples

reproducible dry-weights can usually be obtained by drying at

105 C for several hours and so this procedure can serve as a

standard method of moisture determination, biological samples

may undergo some decomposition already at lower temperatures.

In Fig.1 the results of some drying experiments with

Virginia Tobacco Leaves are shown. When drying at 85°C

well-defined plateau on the curve: weight loss {'/.) vs. time was

obtained already after ca.24 hours, which corresponded to a

weight loss of 6.5% and the situation remained unchanged for

several more hours. At 105 C however, the shape of the curve

seems to indicate that slight decomposition of the material

might occur.

The recommended procedure for moisture determination is

. drying at 85°C an

that taken to analysis).

24 h. drying at 85 C and doing it on separate subsample (not

FINAL CHECKING OF HOMOGENEITY

In the first approach homogeneity was checked with the use

of neutron activation analysis employing similar procedure as

that used formerly for Oriental Tobacco Leaves (CTA-OTL-1) [8].
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Accurately weighed ca. lOOmg samples taken from 6 different

containers chosen at random and six samples taken from the 7th

container (also randomly chosen) were placed in quartz ampoules

and irradiated together with mixed standards at a thermal
13 — 2 — 1

neutron flux of 1.0 x 10 n cm s for 100 hours. The

samples were cooled for 3 - 4 weeks. The external surface of

ampoules was washed with 4M HNO and after cooling in liquid

nitrogen the ampoules were broken and the irradiated material

was quantitatively transferred to a beaker with the aid of

capillary and coned. HNO solution. The sample was wet-ashed

with HNO + HC10 solution, brought to a constant volume (ca.

15 ml and measured as liquid by y-ray spectrometry.

Blank was determined by washing the empty irradiated ampoule

with the same amount of coned, nitric acid as was used for

washing out the samples and following later on the same

procedure as described above. The results are shown in Table 2.

As can be seen, applying Student's t-test for comparing

the means and Fisher's test for comparing the variances no

significant difference between the two series of determinations

could be detected at a significance level of 0.05.

In an attempt to extend checking the homogeneity to

smaller samples, 30 mg samples were encapsulated into pure Al

foil and irradiated and cooled in a similar way as described

above. The samples were transferred into the beakers the inner

surface of the foil washed with coned. HNO the washings being

added to the samples. Blank was determined by washing the inner

surface of the empty Al foil bag irradiated together with the

samples with coned, nitric acid and processing it later on as

described above. The results are shown in Table 3. One can

easily note that also in this case there is no indication of

significant difference between subsamples taken from one

container and those taken from several containers.
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TABLE 1

Preliminary homogeneity testing for Virginia Tobacco Leaves

(CTA-VTL-2) by XRF

Element

Fe

Ca

K

Relative standard deviation (.'/.)

S

1.25

1.54

1.40

S
a

1.06

0.44

0.96

S
h

0.66

1.48

1.02

2 2 2

s s + s

s = •/ s - s
h a

S - overall standard deviation

S -
a

standard deviation due to analytical method (mostly

counting statistics )

S -
h

standard deviation due to inhomogeneity with possible

contribution from minor differences in sample preparation
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TABLE 2

Homogeneity tests by NAA for the candidate reference material

Virginia Tobacco Leaves CTA-VTL-2

Element

Co

Cr

Fe

Rb

Concn.
unit

mg/kg

mg/kg

mg/kg

mg/kg

x ± s
1 1

0.42 ± 0.03

1.73 ± 0.09

1104 ± 77

54.5 ± 1.71

n

6

6

6

6

x ± s
2 2

0.44 ± 0.03

1.79 ± 0.16

1123 ± 46

56.4 ± 3.49

m

6

6

6

6

F">

1.00

3. 16

2.80

4.24

0. 95

5.05

5.05

5.05

5.05

t#)

1. 12

0.80

0.52

1. 13

0. 05

2.228

2.228

2.228

2.228

t =

(n - l)s2 + (m - l)s2
/

n-m(n + i
n + m

m - 2)

x ± s denotes mean value ± standard deviation for n samples

taken from n various bottles

x ± s denotes mean value ± standard deviation for m samples

taken from the same bottle

2

F =
1 ( 2)

2(1)

F - critical value of the Fisher's test at significance level 0.05

o.os - critical value of the Student's test at significance level 0.05
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TABLE 3

HOMOGENEITY TEST FOR CTA-VTL-2 REFERENCE MATERIAL

BY INAA

MASS OF THE SAMPLE : 30 MG

STATISTICAL CRITERION :

F = 1 ( 2 ) < F
2 0.95 (one - tailed test )

S2(l)

Radio-
nuclide

F

Concn.

ppm

1
1
1

1
1
1

1
10
1

B0Co

4.0

.38

51

1.

1.
•

Cr

14

9

1
1
1

1
I
1

1
10
1

134Cs

1.85

.51

1 1
| 59Fe |

1 1
1 1.15 |
1 1

1 1
I 996 |
1 1

1
8 6 R b |

1
1.23 |

1

1
49 |

1

46

3.

0.

Sc

70

27

1
| 65

1

1
1 1.
1

1
1 43
1

Zn

37 F =5.05
O. 95

s - standard deviation calculated from n determinations on samples
taken from n various bottles

s - standard deviation calculated from m determinations on samples
taken from the same bottle
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