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Arrangement for presentation
A. Tuerler
9:30 9:30 Plenary
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09:50-10:00 S. Nagao
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11:00-11:10 11:00 Coffec Break
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11:30-11:40 M. Yamamoto 11:30 03:  Gener
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11:50-12:00 11:50 M ‘General
12:00-12:10 1. McKinley :  T.Ohmuki | V. Pershina
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17:10-17:20 Y. Satou 17:10 Invited Y. Tomobuchi
17:20-17:30 17:20 | FKO-06 H cner |
17:30-17:40 K. Minato F. Poincau
17:40-17:50 17:40 [ FKO-07 General : Gener: | 1740 General
17:50-18:00 | ... = Z.). Zhang N. Gharibyan Y. Oura
18:00-18:10 18:00 [ FKO-08 General W Gener: 18:00 [ FKO-10 General
18:10-18:20 D.R. Neville R. Sudowe K. Hirose
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:zg:)): :Zﬁ Poster Session Poster Session
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20:00- 20:00 20:00
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ABSTRACT

The classic sample pretreatment method for
%8r determination based on a series of
precipitations including the separation of Sr from
Ca by fuming nitric acid is the standard and
popular method around world. To select a best
set of operational conditions for such an
analytical method with numerous of experimental
steps is a difficult task. Even when the optimum
values of these factors are found, practically it is
difficult in accurately controlling them and
sometimes leads fo wide variations of resuits.
Procedures for optimization of factors by
multivariate techniques have been encouraged,
as they are faster, more economical and
effective, and allow more than one variable to be
optimized simultaneously for sample preparation.
However, the application of these techniques for
the robustness analysis in the method for
radiochemical analysis has been limited. In this
study, a robustness test was performed to
provide a better insight into which critical process
affect 9°Sr determination in the sample
preparation ~method. To assess method
robustness, the empirical optimum procedures
set for this method have been test by slightly
modified and were evaluated using the factorial
design approach at two levels. The evaluated
sensitivily of parameters includes pHs in
precipitation procedures, concentration of fuming
nitric acid, and times for reactions. The result
allows us to analyze the influence of significant
factors upon the %Sr radioactivity and to
establish intervals that ensure the robustness of
our method.

INTRODUCTION

The anthropogenic isotope #Sr (strontium) is
present in the environment on a global scale from
atmospheric nuclear weapons testing and on a
local scale from authorized or unauthorized
releases from nuclear facilities and other
radiological accidents. Due to its long physical
and biological half-life, accumulation in bone
tissue and the high-energy beta particles from its
daughter nuclide %Y (yttrium) causing damage to
bone marrow, *°Sr represents one of the groups
of very toxic radionuclides affecting human health.
Historically, the classical method of %Sr
determination is based on a series of precipitation
steps including the fuming nitric acid after sample
ashing.

For an analytic method, robustness is defined
as “the capacity of a method to yield exact results
in the presence of small changes of experimental
conditions, such as might occur during the
utilization these procedures”. In general, the
purpose of a robustness test is to indicate the
factors that can significantly influence the
outcome of the studied responses. Occasionally,
analysts can conduct a robustness test using a
one-factor-at-a-time procedure, but this approach
is neither economical nor optimal for interpretation
purposes. Recently, design of experiments (DOE)
has become one of the most popular statistical
techniques in analytical chemistry because it can
cover a larger area of experimental statistics and
obtain unambiguous results at minimum expense.
However, the robustness testing in the field of
radiochemical analysis by DOE has undergone
only limited application. In this study, the
robustness of a classic sample preparation
method for ®Sr determination in tea leaf is
studied using the factorial design approach at two
levels to examine the procedure-related factors.

EXPERIMENTAL

Overview of procedure for the determination of Sr in
tea leaf is summarized as:

e Indication of critical steps selected for examinafion in the robusiness test

RESULTS & DISCUSSION

Five factors were selected for examination in the
robustness test as shown in Table 1.

Table 1 Factor levels used in the design

Both responses, the %Sr radioactivity and the
recovery of carrier, as shown in Fig. 1 is mainly
influenced by amount of fuming nitric acid, namely, the
908r radioactivity and the recovery of carrier appear to
be robust to the variations introduced in all factors,
except for amount of fuming nitric acid.
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Figure 1: Plot of the normalized effects upon the activity and yield. The dashed
line represents normalized E,, for activity values, and the dotted line represents
normalized Eq for yield values.

The geometric approach was also used to illustrate the
robustness test. For example, Figure 2 shows the %Sr
radioactivity, is affected by slight variations of amount of
fuming nitric acid, namely, is not robust to this factor.
However, the “Sr radioactivity is slightly affected by
small changes of pH for carbonate precipitation.

B amont (£. Nitric acid)

Figure 2: Estimated linear response plots for “Sr activity: amount of fuming nitric
acid and pH for carbonate precipitation.

To establish intervals that ensure the robustness of this

Factor Nominal Lowerlevel Upper level
value 1)

A pH for oxalate precipitation 42 37

B amount of fuming nitric acid 118 114 .

€ reaction time for nitrate precipitation (hr) 2 15 25

D pH for carbonate precipitation 1 105 1.5

E reaction time for chromate (min) 5 3 7

A fractional factorial 2°2;design was selected as
shown in Table 2. Three replicates at nominal level of
the factors were used to estimate the experimental error
and all experimental runs were performed in random
order.

Table 2 Experimental design for robustness test

Factor Response

Activity Yield

No. A B C D E (Ba/kg) (%)
1 -1 -1 -1 +1 +1 62 34 7716
2 +1 -1 -1 -1 -1 59.58 68.41
3 -1 +1 -1 -1 +1 4217 9777
4 +1 =1 -1 +1 -1 54.28 8644
5 -1 -1 +1 +1 -1 46 31 66.04
6 +1 -1 +1 -1 +1 67.03 81.04
7 -1 +1 +1 -1 -1 43 68 102.62
8 +1 1 1 1 1 44.54 103.05
9 0 0 0 0 0 36 61 7985
10 0 0 0 0 0 56.04 76.62
11 0 0 0 0 0 56.03 83.09
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method, the critical S(E‘nsitivity coefficient, X, was
calculated by:  x..” ® gl where b, is the regression
coefficient estimated by least squares multiple linear
regression. For the main factor, amount of fuming nitric
acid added, keeping the proportion as consistent as
possible will help ensure to maintain the robustness of
this method. Therefore, it is important that the proportion
of amount of fuming nitric acid to 50% nitric acid added
should be kept at the nominal value 1.8 as precisely as
possible and the proportion should not fall out of the
interval 1.8+0.35 and 1.8+0.17 for the *°Sr radioactivity
and the recovery of carrier, respectively.

CONCLUSION

This paper reports the first time usage of the fractional
factorial design for robustness of experimental variables of
a classic fuming nitric acid precipitation method for %Sr
determination in tea leaf routinely used in our lab. Results
of the robustness test showed that the method was
susceptible mainly to the change of amount of fuming nitric
acid and the variations introduced in other factors have
negligible effect on both the *Sr radioactivity and the

recovery of carrier.
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