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The present paper describes the primary computed neutron reaction cross-
sections at 14 MeV for trace elements reported in wheat grain. The compu-
tations are based on the compound nucleus theory and optical model poten-
tial with the level density formula of Lang and Le Couteur after applying the
pairing energy correction. The computed cross-sections have been compared
with the available experimental values and are in fair agreement. These may
find use in trace elemental analysis. These investigations have been applied to
find induced activities for the trace elemental analysis of common wheat grain
per unit 77’ flux per gm using partial reactions like (n, p}and (n, a).
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Introduction

The primary reactions'? like (n,p); (n,7') and (n, a) induced by 14 MeV neu-
tron energy are quite prominent. These cross-sections have been computed us-
ing the compound nucleus theory based on Fermi gas model and evaporation
model with optical model potential.

The present work is the first attempt to estimate the computed induced acti-
vities** per unit neutron flux per gram for some of trace elements in wheat
grain using the 14 MeV primary partial reaction cross-sections. Such estimates
can be very useful for the planning of experiments of neutron activation analy-
sis with 14 MeV neutron generators, when some experimental cross-sections
are not amenable to measurements. It helps in estimating the irradiation time
of such samples by activation for trace elemental analysis. The mature grain of
the wheat cereal consists® of carbohydrates (78%), protein (15%), lipids {2.1%),
mineral salts (1.9%) and water, some of which are important nutrients in the
human dietary. About 95% of mineral matter of wheat grain consists of phos-
phates and sulphates of K, Mg and Ca. The potassium phosphate is probably
present in the form of KH,PO, and K,HPO, and some of the phosphorus is
present as phytic acid. The values for the content of Na, Cl and S are some-
what variable. The important minor elements are Fe, Mn and Zn present at a
level of 1 -5 mg per 100g of wheat and Cu 0.7mg per 100g. Besides these a
large number of other elements are present in trace quantities.
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Theoretical Parameters

The computations of primary reaction cross-sections are based on compound
nucleus model. The optical potential parameters given by Mani er al,’” have
been used, as described earlier by Wadhwa and Mohindra.! For the alpha in-
duced inverse reaction cross-sections, the inverse reaction cross-sections listed
by Huizenga and Igo® have been used.

The level density formula of Lang and LeCouteur as discussed by Wadhwa,
Manocha and Mohindra® has been used for the computation along with pairing
energy correction.”” The (Fvalues and pairing energies have been taken from
the tabulation of Wapstra and Audi."! The gamma ray emission has been igno-
red in comparison to the particle emission in these computations.

The induced activity in microcuries per unit neutron flux per gm of the
wheat grain samples containing e.g., *'P is given by the relation: —

0.693 x No. of atoms of *'Px anp(cmz) x Isotopic abundance
2
3.7 x 10" X T, o(seconds)

where T, = Physical half-life of the residual nucleus 3}’Si formed in *'P (n, p)
31Si reaction.

Here, the calculations of induced activity for elements which are in amount
equal to or greater than 0.3 mg/100 g of wheat have been reported.

Results and Discussion

The computed cross-sections at 14 MeV neutron energy are listed in Table [
alongwith the available experimental cross-sections,”? for comparison and re-

Table 1
Computed primary cross-section for 14 MeV neutrons

Sl Isotope  Q,, g,,(mb) a,, {(mb) Qe a,,(mb)
No. (MeV) (MeV)
Computed Exptal’ Computed Exptal® Computed Exptal®
t WK 0.217 2364 354145 6837 850 1.363 244.4 84t12
2 VP -0.694 79.16 88 +8 870.75 920 —-1.944 9499 115+12
3 328 -0926 4559 225+25 4015 662 1.525 2029 —
4 HMg —4.734 — 200+ 20 — 627  —2.55 — —
5 BCl 0.615 29047 120220 5856 1005 0.937 230.08 122+20
6 *Ca -0.539 581.57 485 405.7 755 1.75 190.12 13820
7 'Na =-3.597 — 4318 — 793 —-3.86 — 150+20
8 S -3.857 3117 250230 65555 717 -2.65 33.1 -
9 MFe —2.926 88.75 103+6 1221.14 1345 0.32 38.4 —
10 *Zn 0.209 3654 20015 98266 1318 3.87 90.8 —
1 “Mn —2.038 23.7 3727 1298.1 1387 —0.626 15.16 32+5
12 *3Cu 0.716 115.8 118120 1285.04 1414 1.715 27.26 3272
13 '%Ba —4.04 - 23103 — 2087.8 3.875 - 2102
14 "B -10.726 — 25%4 — — -6.63 — 3126
15 Li — - — — - — — -
16 Al ~1.835 1358 787 77855 790+30 -3.131 71.8 111 +4
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Table 11
Representative figures for mineral constituents® of common wheat grain

S. Element Content mg/100 g S Element Content mg/100 g
No of Dry Matter No of Dry Matter
Main Trace
1 K 453 13 Ba 0.8
2 P 380 14 Br 0.6
3 S 196 15 B 0.5
4 Mg 157 16 Li 0.5
S Cl 76 17 Al 0.3
6 Ca 51 18 Ni 0.14
7 Na 24 19 Sn 0.1
8 Si 12 20 Ti 0.085
Minor 21 F 0.07
9 Fe 5 22 Pb 0.04
10 Zn 5 23 Mo 0.026
11 Mn 4 24 Co 0.003
12 Cu 0.7 25 I 0.014
26 As 0.01

sults are in fairly good agreement with pairing energy correction in majority of
the cases and therefore, computed cross-section values with pairing energy
correction have been used for the computation of induced activitics. As shown

Table It

Computed induced activities in wheat grain

S Isotope  Content 7). {of residu-
al Induced Activity 7. (of residual Induced activity
No mg/g nucleus produced in(n. p) nucleus produced in{n. a)
inn.p reaction #Ci/unit inna reaction uCi/unit
reaction} o7 flux/gm reaction} o7 flux/gm
I p 3.80 2.62 hrs 1.170 <10~ ™ 2.30 min 951510
2 s 1.90 14.35 days 2.339x 107 — —
3 Mg 1°57 15.05 hrs 2.148 x 107 1% — —
4 Bl 0.76 88 days — 14.35 days 3438 10"
5 -Na 0.24 38 sec 1.331x 10" " 11.20 sec 1.576 x 10 -
6 "Si 0.12 2.30 min 1.004x 1071 — —
7 SFe 0.05 2.576 hrs 8989 x 10+ . —
8 84Zn 0.05 12.8 hrs 3391 x 107" — —
9 “*Mn 0.04 3.6 min 9111 x 10 3.75 min 5.831x10 ¢
10 **Ba 0.008 32.1 min 5.596 x 107" — —
11 "B 0.005 13.65 sec 7.500x 1071 0.84 sec 1517 x 100
12 Al 0.003 9.51 min 2,986 x 10! 15.05 hrs 1.665 x 1"

N.B.: These above induced activities in #Ci can be expressed in Becquerels unit by multiplving
by the factor {3.7 x 107) because by definition. one Bq = one disintegration per second.
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in Table I, for light elements of wheat like 2*Mn, ?*Na and ''B, the available
experimental cross-sections®® (Table I) have been used here as the compound
nucleus theory is not valid for such light elements. In case of '**Ba, inverse
cross-sections’® are not precisely available because of large Coulomb barrier,
so we have used experimental cross-sections for activity measurement.

In wheat grain the amount of trace elements as given by Kent® are listed in
Table II and are used here. The induced activities for the twelve elements un-
der discussion here have been computed and listed in Table III for some typi-
cal reactions with appropriate half lives, which may be feasible for experimen-
tal investigations.

Acknowledgement

Thanks are due to Mr H K Sahajwani, S D College, Panipat for providing faci-
lities for computations and Dr § C Goyal, Haryana Agricultural University,
Regional Campus, Kaul for providing the data and useful discussions on wheat
elemental content.

References

B S Wadhwa and R K Mohindra Nucl Sci Engg(USA) 56 (1975) 96-98
IAEA Handbook on Nuclear Activation Data Technical Report No. 273 Vienna Austria
(1987)
E Erbaetal Nuov(Cim22(1961)1237
R S Khanchi, § K Jain and R K Mohindra Proc Indian natn Sci Acad S5A {1989) 46-49
R S Khanchi and R K Mohindra Proc Indian natn Sci Acad S4A (1988)293-298
N L Kent Technology of Cereals (2nd Edn) Pergamon Press N Y USA (1980) p. 60
G S Mani et al  Proton and Neutron Penetrabilities Reports CEA No. 2379 and 2380 Saclay
France (1963)
8 J R Huizengaand GIgo Nuc! Phys29 (1962)462.
9 B S Wadhwa, K K Manocha and R K Mohindra  Indian J pure appl Phys 12 (1974) 645
10 A Gilbertand A G W Cameron CanadJ Phys 43(1965) 1446-1496
11 A H Wapstraand G Audi  Nucl Phys A432 (1985) 1-140

N o—

~N > W



