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Abstract

In neutron activation analysis, correction for inter-
ference from other elements is usually carried out in the
data processing; this is, however, only feasible when the
radio-nuclides in question have at least one significant
peak that is interference-free.

Interference between nuclides with only one major
photopeak and with comparable half-lives is best re-
solved by applying corrections based on experimentally
determined values. In an extension of our previous
method for the determination of As, Mn and Se to include
Cu and Zn, interference from Cu in the determination of
Zn is of this type. Furthermore, 64Cu interferes uot
only with the Gngn indicator used for determination of
Zn in the separated sample, but also with the 65Zn
tracer added for chemical yield determination.

Tests of the accuracy of the method were carried
out by analysis of Standard Reference Materials 1571,
Orchard Leaves, and 1577, Bovine Liver, from the
National Bureau of Standards, For Orchard Leaves and

Copies to

for most biological materials, the interference {rom Cu
was below the limit of detection for Zn; for Bovine Liver
and other materials with unusual trace concentrations,
correction was applied by means of an iterative procedure

Excellent agreement with certified values was
finally obtained for both materials,
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Interference from other elements activated by thermal neutruns is a

potential, but neglected source of error in neutron activetion analysis.
Numerical values [or the interference are rareiy included in the perform-
ance charscteristics of activation analysia methods although, when assessing
a method, it is essential to know the effect of an interfering element on a
particular concentration of the element to be determined,

The main purposs of the experimental determination of interference ie
naturally to ascertain interference-iree determinatdon, tut values for the
interference can also be used to obtain unbigsed results, provided that the
test is properly cesigned and that the concentration of the interfering el-
emert is known,

1)

In this study we needed a methed for the simulteneocus determination

To show this, [ will use an example from a recent medical study

of arsenic, copper, manganese, selenium, and zine, The obvious thing to
do was to incorporate separation procedures for cupper and zinc 1nto our
already existing method for the determination of arsenic, manganese and
selenium in biological malerialz).

Zirce is of special interest in this method because the determination of
this element (3 not entirely interference-free,

The method calls for a one-hour irradiation at 7- 10" 2 neutrorw/cmz/ac
of a one-gram sample followed by wet ashing and radiochemical separation
during which zinc and manganese are extracted simultaneously. GSmZn is
used as indicator, and the chemical yield is determined by added 65Zn tracer.

1t was desirable to keep the counting time at & minimum and to deter-
mine the zinc content from just one spectrum. Therefore, 24 hours afier
pile-out, the zinc sample is counted for 20 minutes in a well-type Nal(Tl)-
detector. Counting on a Ge(Li})-detcctor would require 200 minutes to
achieve a comparable precision.

Figure ) shows a typical spectrum of a separated zinc sample, 35Z,n
emits positrons giving rise to a small 311 keV annihilation peak which inter-
ferss with the 438 keV pesk of the BQmZn indicator. Thersfore, the peak
ares is first corrected for the contribution of 652n by stripping of the 1115
keV peak by means of a spectrum of “Zn.. The corrazied area is then
compared with thet of a standard to obtain the amount of zinc in the separ-
sted sample. The chemical yield s determined from the 1115 keV peak
which represents both the 552 tracer und the ®%Zn formed during the tr-
radiation, From the correcisd 438 keV peak, the amount of sinc in the
separsted sample i3 known and the 83Zn formed can be found from the

spestrum of the comparator standard, The 1175 keV peak 1s corrected
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L4
for this costribution before calculation of the chemical yield and subsequent
calculation of the zinc comcentration in the sample,

Tihe method was tested for interference {rom various elements., When
ihe chunical yield is determined by added tracer, interfersnce on both
indicator amd tracer is possibie.

Our method for erperimental detarmination of Lnterfertaccz) consists
of two steps (wable 1):

Table )

Determination of interference

Interference = 5'—1 5 = separation factor
f = effective value
where
N 1 R :
5= b pcs D decoatamination factor
¥ = chemical yield
and
Yndicator = ™ /M m® * apparent quantity
m = qeantity of interf. elem.
’ll‘l(:.l' * %/m % = relative error of yleld

The firet step is the determination of what is known as an effective
valee { for the indicator, which value is found by irradiating & known
quantity m of the interfering element and counting it as » sampie. By
cotnparing with a standard of the element to be determined the apparent
quamtity m*® is found, f is expreseed as ng of elament/ng of interfering
element.

The eflective value lor the tracer is found in a similar way by com-
pariag with the specified arnount of tracer. { then expresses the error in
% of the yleld/pg of interfering element.

The secord step is the detsrmination of » decontamination factor D,

A redioactive trecer of kigh specific activity is added to as unirradiated
sampis., The sample is processed sccording to the procedure and the
decommminstion fastor is than the rato betwesn the added and the recovered
setivity, The decontamination fsetor is corrected for chemical yield, which



-4 -

shiuald be close to that normally foumd, and i1ts reciprocal, the separation
factor S, can be calculated.

The interference can now be expressed as 5‘_? ., which expresses the
colstaatration that corresponds to an error of 1 ppm for laterferemce on the
ioficator and to an error of 1% for interference on the chemical yield.

The results of our interference determinstion are shown in table 2.

Table 2

Result of interferemce detyrmination

Interfering Indicator Tracer
element
ppm element PP element
~:lw:nZn -:l%urur
Na 500, 000 100, 000
Cu 40 0
Br 6, 000 200

Yery high values were otiained for sodium and bromine, Swuch condc :n'ra-
tiets arv never found in biological material, and the comtribwtioa from
Ywee elements to the 1inc result is well below the detection lmit, How-
sver, copper concentrations of 30-40 ppm are not encommon and copper
may in such cases interfers significantly with the determination of simc,

The iaoterference on the zinc indicator is cassed by the 511 keV annihil-
lﬂ-mhol“Cu. The interference on the tracer is cawsed by the sum
ponk of 1,02 MeV, which is present in the spettrum becssse the sample is
cowntsd in a well-type detector.

Maving found copper interference oa both the imdicstor and the tracer,
wa bave to find the total error. To do this we need the 5- { value, which
0 8,823 for the indicator, meaning that | ppm of copper causss sa arror
of 6,923 ppm of 1inc. For the trater, | ppen of eopjer canses an error of
8, 6004 of the yield, and therefore also of the siae concemiration. The total
orvey is then

ahsoluts erTor, ppen = 0,033 - Cu+ 5.6 - 107 . Cu+ Za
[ ]
relative error, % » 2.3 - 5§ + 0.038 - Cn, m

-5 .

From thia equatdon we are able to calculate the error when the copper
and rinc concentrations are known. For the Standard Reference Materials,
Orchard Leaves and Bovine Liver, {from the National Bureau of Standards,
the errors are 1. 5% and 10% respectively.

To decide whether a zinc result should be corrected for copper inter-
lerence, we relate the error to the a priori detection limit calculated ac-
cording o Currica). Based on the standard deviation {rom counting stat-
istics only, and using the lowest results among the tissue samples analyzed,
we find a detection Umit of 0. 9 ppm of z'mc”_ A correction should then be

applied when

sbeolute error, ppm 0.9
ar

relative error, % _{i’?—l . (2)

it is easier to comprehend the significance of equations (1) and (2) by
looking at figure 2 where we have plotted a series of straight lines showing
the relative error as a function of the rinc concentratioa for Cu/Zn ratios
of2, 1, 1/2, and 1/10. The error on the indicator determines the inter-
sectiom with the ordinate aziz, while the siope 1 determined by the error
on the tracer.

The curve is the hyperbola described by the absolute error being equal
to tee detectiom mit, Tisswe sampies, except liver, are found in region
B below the curve wheres a0 correction is necessary. A small correction
ol 1-3% is reguired for buman liver samples in region A

We tested the accuracy of the analytical method by analysis of the
Standard Reference Materials Orchard Loaves and Bovine Liver, The
copper amd sinc concemtrations in these matsrials place Orchard Leaves
below and Bovine Liver above the curve.

Tabls 3 shows an ancorrected mean value of 23,9 + 0. 8 ppm for Orchard

anhgoodmvnhﬂneauﬂodvnhnoles).
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Table 3

Concentration of zinc in SRM 1571 Orchard Leaves

Mean value Number of
ppm determunations
This work 23.9+0.8 4
NBS 25+ 3 certified
L

For Bovine Liver, where a correction for interference is necessary,
two sets of requirements musi be fulfilled:

1. The chemical yield must be normal for the separation factur as
well as for the sample to be corrected.

2. The same peak boundaries must be used to calculate the effective
values and the zinc result.

In thiz study we selected peak boundaries giving maximum preciﬂione)
a% opposed to the method in which boundaries are fixed from the s8{gn change
of the first derivative calculated from a third degree polynomial convolution
of a smoothed lpectru.m?).
Figure 3 shows a spectrum of a separated zinc sample of Bovine Liver.
The sum peak from s4Cu interferes with the BSZn tracer, and our exper-
imentally determined vmlue for interference is applicable to the tracer, but
not to the total amount of s"’Zﬂ. Therefore, the amount of zinc in the
sample cannot be calculated a8 we do not know the correct amount of 65211.
Moresover, as we do not know the amount of Zn, we are also unable to
calculate the chemical yield,
The solution to the problem is to use iteration involving the following
steps:
1. Calculate the error on the indicator and the error on the tracer
from the ¢xpsrimentuily determined values for interference and
the copper concentration,
2, Calculate the yield assuming that the 1115 keV peak area is due
to '5Zn tracer,
3. Correct the "mZn peak area for interference {rom the annihilation
pouk of $3Zn,
4, Calowiats the smount of zinc ih the separstsd sampls and add the
srror on the iodicsior multiplied by the ehemical ylold,
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5. Calculate the BsZn formed during irradiation,

6, Subtract the E'SZn formed from the 1115 keV peak area and correct
the difference for interference on the yield.

7. Calculate the °Zn in the sample.

8. Calculate the yield and the concentration.

9. Repeat steps 3 to 8 with the new values for 65Zn and yield until
the change in concentration 15 well below the detection lirnit.

The above differences are illustrated in table #:

Table 4

Conceniration of zinc in SRM 1577 Bovine Liver

Number of Mean value, ppm NBS
determinations uncorrected corrected certified
1 i 2
11 s po122 129.5+1.5 130 +10
L i - _
Peak boundaries: 1. Sign change of first derivative

2, Maxdmum prtcillona)

First, we have the uncorrected mean value of 118 pprmn calculated
without accounting for interference and using peak boundaries determined
by the sign change of the firat derivative,

The second mean value of 122 ppm is found by using boundaries selected
to give maxdmum precision,

The third and final value of 129.5 + 1,5 ppm s the mean value corrected
for interference by the iteration method. This value is in excellent agree-
ment with the certified value of 130 pme). The correction {s only 6%
becauss the sample size was reduced to less than one gram without reducing
the tracer addition correspondingly.

This example shows clearly that the applicability of a neutron activation
analysis method must be precisely specified, and that knowledge of inter-
ference is required to svoid quoting erroneocus results,
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