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Analytical data by instrumental neutron activation analysis are usually accepted

on the basis of good counting statistics.

These measurements are exgected to be

made on signals which are higher than the limits of quantitation, properly computed

as suggested by Currie.

In paired observations, as in INAA, the limits of detection

and quantitation, as well as the related standard deviations are related to the period
for which the spectral background is counted. There exists, therefore, a risk of

acceptance of results on signals of poor signal-to-background (S/B) ratius.

Hence

the need to have an independent criterion on the S/B ratio which assures the quality

of data.

REQUENTLY the analytical data by instrumental
neutron activation analysis (INAA) are accom-
panied by the uncertainties of the data computed

from counting statistics (CS)?. Such estimates of
precision of the data do not give any information
about the purity of the signals on which the CSs are
computed. A high precision could be the outcome
of long counting ( J/N) of signals which are weak,
but defined well above the background, or from the
counting of high intensity gross signals encompass-
ing equally large spectral background (poor signals).
These signals could be close to the limit of detection
(LOD) or, the limit of quantitation (LOQ)? of the
methodology. In this paper we discuss the need to
assess the quality of INAA data in terms of the
signal purity in relation to its background (S/B) in
addition to the criterion that the signal be above
the LOQ of the methodology.

Experimental

The samples (100 mg) were irradiated for 20 h
at a neutron flux of 1xX10'® ncm~2s~* at the
CIRUS reactor of the Bhabha Atomic Research
Centre. They were counted after a cooling period
15 days using a 45 cc Ge(Li) detector coupled to a
1024 channel analyser having a system resolution of
2.3 keV for the cobalt-60 1332 keV gamma-ray?®.

The samples were AGV-1 and BCR-1 of the
U. S. Geological Survey*. Two elements, thorium
and chromium, present in the andesite. AGV-1 at
6 4 and 12.2 ppm* respectively, and chromium in
the basait BCR-1 at 16+4 ppm®, have been
selected for focussing the problems in INAA. The
nuclear data of interest in this analysis are given in
Table 1. The counting data are given in Table 2
which lists the S/ B ratios, LOD, LOQ, CS and the
observations on the signals.

TABLE 1—NUCLEAR DATA OF INTEREST"
Parent Product tin Y~ray evergy
nuclide nnelide d counted

keV
1837 asepga 27.0 312
so0y rQp 97 8 810
*Refs. 3,6.
® 333Th (n, ) ***Th B ssspy B any
’ 24 min 27 d

Results and Discussion

Recently, the American Chemical Society has
specified that analytical data should be reported
only if the analytical signal is higher than the LO
of the methodology¥, which in turn, depends ?ﬂ
the mean process blank, Xp, and its standard devi#-
tion, Sg; (n=15—20). The relationship is X;.=X’Bg4{l
10 Sa,, where, X1 is the smallest signal whic
qualifies to be the LOQ. This has also beed
discussed by one of the present authors®.

In techniques which involve photon counting 3:
for example XRF, or INAA, Ss, is estimated from
single count of Xg, from the relationship,

SBkd=SBl= J7m= Jm

This was first pointed out by Kaiser?, discussed ,%f
length by Currie® and accepted by the IUPAkinS
Currie developed statistically valid Wwor
expressions for the computation of LOD and he
from Xex. They are mutually consistent with N
ACS ones. In this study the limits compute
the Currie’s formulae have been used.

¢
Let us now consider whether adherence tohlfgb
above criterion of LOQ is adequate to ptozlgi/
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TaBLE 2—C00UNTING DATA ON BIGNALS OF DIFFERENT PURITIRS

Bample/ Counting Gross Speotral Netcounts S/B LOD® LOQ® RSD° Romarks
nuclide period counts background NPPC %

s GPCO BRD#*Spyq
1. AGV-1
1.1 Pa-2334 400 651 290+17 361 1.2 82 296 8 8=12L0Q
12, 800 1334 6560+ 25 684 1.1 131 414 6 8=1.5 LO@
13, 2 000 3 588 1 500489 2 088 1.4 182 600 ] 8=38.5 LOQ
3, AGV-1
2.1 Or-51 400 356 290417 66 0.23 81 296 (88) Undetectad®
29 2 000 1838 1450488 388 0.27 180 590 (15) Detected®
28 10 000 9500 7 000+84 2 500 0.26 392 1234 5 8=210Q
3, BOR-1
8.1 Cr-51 2 000 8858 8640460 218 0.06 288 904 (40) Undeteoted
8.2 COr-514 (144 h 1x10°  9,5%10% 5 000 0.05 1485 4410 6 8=1,34 LOQ]

a LOD=2.71+4.65 ~Bkd (Ref. 2).

b LOQ=50x [1+ (1 + Bkd/12.5)*!%] (Ref. 2).

° R8D% =Relative standard devia-

tion = NGPPU + Bkd]NPOC x 100 (Ref. 1) ; R8D values in brackets are not valld for uncertain signals, & Irradiation time=20h ;

coolling for counting =15 days.
computed from 8.1.

€ Undetected : <LOD ; detected : LOD<signal <LOQ.

The data in square-brackets are

quality data, particularly for data badly needed for
the preparation of reference samples. Examination
of the data in Table 2 reveals that the net signal from
388P3 js higher than the LOQ and is counted with a
reasonable precision of 8 per cent. The net signal
is 1.2 times the spectral background. On counting
for a longer period the RSD improves by 1/ /¢
where, ¢ is the factor by the counting period is
increased. Here is a case in which the improvement
in the CS is worth the effort spent in counting.

In case of 51Cr in AGV-1 one starts with a
poor signal (S/B=0.23). The causes for this have
been pointed out in an earlier publication*. This
signal, after the first count for 400 s is ‘undetected’,
but on further counting for 2000 s is ‘detected” and
becomes ‘quantifiable’ after 10000 s of counting !
Itcan be shown that if one accumulates 1x10%
counts, encompassing a background of 9.5x104
counts, the net signal of 5000 counts of a S/B ratios
of only 0.05 is higher than the corresponding LOQ
and hence can be quantitated! This is not an
imaginary situation but quite possible, if the 2000
second counting of BCR-1 for 5'Cr were to be
extended ‘overnight’—not an uncommon practice in
INAA! Hence the need to have another criterion
on S/B over and above the LOQ criterion.

Recommendation : (i) In INAA, reporting the
LOD and LOQ values, on the lines by Currie®,
provides critical information about the maguaitude
of the signals on which the analyses have been
made. Alternately, authors may be required to
state that the signals were in fact higher than LOQs.
(ii) In gamma-ray spectrometry, the above limits, as
well as the relative standard deviations are
dependent on counting period. There exists, there-
fore, an attendant risk of acceptance of results on
signals of poor S|B ratios counted long enough to
be higher than the corresponding LOQs and of
acceptable CS. (iii) In view of the above it is felt

desirable that the data be reported with information
on the §/B ratios of the signals which are quantita-
ted. Further, if a protocol is to be defined for
quality assurance programme, or, for inter-
comparison work meant for the preparation of
reference samples, it is desirable that only those
signals of at least S/B =1 be accepted so that at all
the levels of acceptable CS, one is also assured of
the purity of the signals. (iv) The above criteria
should also be applied for the reference standard
used for comarative INAA.
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