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An attempt has been made to compute the induced S-activities per ml. per
unit neutron flux via appropriate reactions for some of the trace elements O',
Na??, Mg, P, CP*, Ca*® and Fe® in blood, using 14 MeV neutrons induced
primary reaction cross-sections. For P!, CI*%, Ca* & Fe* the (n, p), (n, n)
and {n, a) reaction cross-sections have been computed using compound nuc-
lear theory and optical model potential parameters and level density formula
of Lang & LeCouteur. The pairing energy and odd-even effects corrections
have also been applied. The agreement of the computed cross-sections with
the available experimental values is fairly reasonable. The computed induced
activities can be very useful in designing the experiment for estimating the
irradiation time of such samples by activation analysis, for trace element
analysis.
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Introduction

At 14 MeV neutron energy, primary reactions like (n, p), (n, n') and (n, a) are
quite prominent and have quite large cross-sections. The (n, y) reaction can be
ignored when particle emission is possible. The data of (n, p) and (n, a) type
reactions are important for making estimates of radiation damage.!

The present work describes a study of the induced B-activities/ml/neutron
flux for some of trace elements in blood using the 14 MeV primary reaction
cross-sections.

The compound nucleus theory based on Fermi gas and evaporation models
with optical model potential parameters has been used for evaluation of cross-
sections for P21, CI®, Ca*® and Fe*. After trying Newton's shell dependent le-
vel density formula, it has been found that Lang & LeCouteur level density
formula? gives the best results, whereas experimental cross-sections for O',
Na?3 and Mg?® have been used from the tabulations of other workers.?

From these computed and tabulated cross-sections, the estimation of the va-
lue of induced activity per unit neutron flux per ml of blood sample (e.g., Fe®
in blood) can be readily made for a reaction which produces activity of appro-
priate half life for laboratory measurements. Such estimates may be useful for
the study of neutron activation analysis with conventional 14 MeV neutron
generators, when experimental cross-sections are not avaj!able because of non-
availability of target etc.
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Calculations and Results

For evaluation of cross-sections based on compound nucleus model, the opti-
cal potential parameters discussed by Gupta et al* have been used. Inverse
reaction cross-sections for protons and neutrons have been used from the ta-
bulations of Mani er al’ and for alpha particles such cross-sections have been
given by Huizenga and Igo.’ Lang & LeCouteur level density formula,” as dis-
cussed by Wadhwa er al’ has been used for computation. The (-values have
been taken from the tabulations.® Pairing energy®® and odd-even effects cor-
rections have been applied.

Factors for odd-even effects have been suitably adjusted to get good agree-
ment with the available experimental data. In this mass range, W,. =W, ./
2= W, /3 has been found suitable where

W, stands for level density of even-even,
W, for level density of odd-even

and
W, for level density of odd-odd residual nuclei.

Table I
Isotope Reaction Computed o Available
o
without pairing  with pairing  with odd-even (exptal)
mb mb effects mb mbs
Oinp) + + + 41t4
Qs Oy + + + -
Ona) + + + 290+25
i) + + + 4318
Na? O + + + 150 £ 20
Oy + + + -
Tirp) + +. + 200x20
Mg24 a(nn’) + + + -
Ona) + + + -
i) 196.90 79.16 193.42 8818
P Oinni) 810.50 870.75 796.21 882
Gina) 37.50 94.99 55.26 115+12
Cinp) 300.90 290.47 287.9 107 £ 38
1% O 706.10 585.60 675.61 1005
O nay 99.90 230.08 143.37 100120
Tinp) 131.57 581.57 239.35 485
Ca® i) 931.08 405.70 755.73 755
O na) 114.74 190.17 182.30 138 £ 20
Ginp) 13.73 88.75 39.95 10316
Fes® ) 1320.27 1221.14 1280.60 1305
Oy 14.30 38.41 13.87 -

* For very light mass nuclei, compound nucleus theory is not valid.
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Table II
Elemental Concentration in Blood'?

Element Concentration Average %
(gm/100 ml)
O 90-100 mm Hg 94x1073
Na 136-148 mEq/1 327x107°
Mg 1.8-2.4 mg/100 ml 2.1x107?
P 2.5-4.5 mg/100 ml 3.5%x10°3
Cl 95-105 mEq/1 355x10~?
Ca 8.5-10.5 mg/100 ml 9.5x1073
Fe 80-160 ug/100 ml 120x 1073
Table III

Evaluation of induced activity

S.No. Nuclear 7, Residual® Induced Activity
Reaction nucleus Curie/ml/n’ flux
1 O'%(np)N'6 7.1 sec 38x1071
2 Na?¥(np)Ne? 37.6 sec 1.83x10°'®
3 Na?¥(na)F*° 11.2 sec 2,148 x 1077
4 Mg?*(np)Na?* 15.05 hrs 2.86x10°2
5 P np)Si®! 2.62 hrs 1.066 x 10~22
6 Pl(na)Al?® 2.3 min 0.876 x 107
7 CI¥(na)P? 14.3 days 1.607 x 1022
8 Ca*(na)Ar’ 35.1 days 1.66 %102
9 Fe’*(np)Mn*¢ 2.57 hrs 2.13x107%#

The calculated cross-sections at 14 MeV neutron energy are listed in the
Table I along with the available experimental cross-sections.” The results are
reasonable with pairing energy corrections in majority of the cases and there-
fore, computed cross-sections values with pairing energy correction have been
used for computation of induced activities.

Induced Activities'®-!!
The induced activity in micro-curies per unit neutron flux per ml of a blood
sample containing e.g. Fe* is given by

0.693 x No. of atoms of Fe’® x o,,,,(cml) X Isotopic abundance
3.7 %10 x T, 5(secs) '

where T,,,= Physical halflife of the residual nucleus Mn'* formed in Fe’® (n
p)Mn"® reaction

]
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John Maclead'? reported average value of trace elements (in blood) under
discussion here and are listed in Table II. The induced activities for all the
trace elements under discussion here, have been calculated and listed in Table
III for some typical reactions with approprate half lives for laboratory mea-
surements, '

These computed activities for blood in curies/ml/neutron flux may provide
useful estimates for carrying out the experimental investigations'® with 14 MeV
neutron generators having fluxes of the order of 108-10'° neutrons per cm? per
sec.

The computed cross-sections for P, Cl, Ca and Fe are in reasonable agree-
ment with the available experimental values and such estimates can be very
useful when such cross-sections are not amenable to experimental measure-
ments. For light trace element of blood like O, Na, Mg, the available expen-
mental cross-section have been used here as the compound nucleus theory is
not valid for such light mass nuclei.
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