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ABSTRACT

The protein level in seeds can be directly calculated
through the determination of the nitrogen content in grains.
•Je show here that the radioactive thermal nenLron capture
prompt gamma-rays technique can be used to determine the ni
trogen content in grains without chemical destruction, witE
good precision and relative rapidity, by detecting the
prompt gamma rays emitted by the l*«(n,Y)15» reaction
product. The samples were irradiated in the tangencial tube
of the IEA-R1 research reactor, in Sao Paulo, and a pair
spectrometer was used for the detection of the |ii iam.il gamma—
rays. The nitrogen content was determined in several samples
of soybean ̂common bean, peas and rice and the results com-
pared with typical nitrogen content values for each grain.

1. Main Principles

main nutricional deficiency affecting populatJU
in developing countries centres on protein-calorie
The shortage of calories results in unrfaMmuui. I rtmuMt, while
a diet deficient in proteins leads to malnutrition, which
constitutes the general problem of protelm-calorte deficit,
since the human body, faces a calorie shortage, it will
vert protein into calorie, but not the reverse^.

The increased f.oducI.lorn of p"**^1** from plant soi
is the foremost solution for the protein-calorie

- * % • •

tion problem with an economic advantages to produce 1 kg of
animal protein, it is estimated that about 5 kg of pi
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protein and eight to ten times as much water are required^.
The protein content is directly relationed with the

nitrogen content in seeds and a constant factor is usually
used for this conversion within one plant species. Percent
nitrogen, multiplied by a constant factor of 6.25 is an
accepted and stablished method of expressing the protein
content in the majority of seeds3.

One of the most promising ways to reduce the protein
deficiency in developing countries are the plant breeding
programs. These programs need a constant monitoring of the
protein content on large populations of seeds (sizes of the
order of 10,000 in the second generation) without chemical
preparation or destruction of the samples^#5 to a suitable
selection.

The first 3tep in a plant breeding program is a nitro
gen content determination, as a way of selection.To improve
the hereditary nature of a breeding population, the low
protein varieties should be eliminated by measuring the seed
protein content of successives progenies3,4#6,7.

As an alternative to the classical conventional cheini
cal methods which spend a lot of time for sample preparation
and chemical treatment, nuclear techniques have been used
successfully. The main nuclear techniques used for the ni-
trogen determination in seeds are:4 8 « in
- fast neutron activation analysis ' ' '
- photonuclear activation analysis* »H» 12
- proton activation analysis4,l3,14 •
- thermal neutron capture prompt gamma-ray analysis ' ' *

The three early techniques are activation techniques
which require a time after the irradiation to made the
measurement, while in the latter the measurement is made
during the irradiation.

In this paper we present a technique developed for de
termining the nitrogen content in several seeds by the ~"
thermal neutron capture prompt gamma-ray analysis.

In a thermal neutron radioactive capture reaction, or
(n,y) reaction, a thermal neutron is captured by a target
nucleus and the compound nucleus decays to the ground state
by emitting several gamma-rays with energies varying from a
few keV to several MeV. Since these garana rays are emitted
within a very short time interval (-10-14s), they are so<-
-called prompt gamma-rays and their detection is made siiiul̂
taneously with the sample irradiation. The gamma-rays appear
like peaks in a gamma-rays spectrum, with energies varying
from low to high values. Since each isotope presents several
characteristic gamma-rays, the energy determination of the
peaks allows the element identification and the peak area
is proportional to the quantity of the element considered.

The 1 4N isotope is about 99.6% of natural nitrogen and
captures a thermal neutron through the 14N(n,Y> reaction.
The i 5N reaction product formed is stable so,not detected
by conventional thermal neutron activation analysis, but
easily detected by prompt neutron capture gamma-ray analysis
once the gamma-rays spectra are accumulated at time of irradi
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ation.
The detection sensitivity of a single isotope depends

upon its thermal neutron cross section (a) and upon the
sample nature, since inter-element interference can disturb*
the analysis of the single one.

Although the low 1 4 N capture cross section18/the main
advantage of using the prompt gamma-ray analysis technique
for nitrogen determination in seeds is the 10.83 MeV 1 5N
trans.iti.onl9, not existing for ether elements.

Some other important advantages of that method are:
a) it is a direct method of analysis, in the sense that it

is not necessary a previous chemical sample preparation,
b) it can be totally automatized,
c) it permits simultaneous analysis of other elements possJ.

bly present in the sample, ~
d) it permits the employ of an isotropic neutron source,

instead of a reactor, with a very low cost and feasible
to transport elsewhere,

e) the low absorption cross sections of the basic vegetables
components (carbon, hydrogen and oxygen), the high ener-
gies of the emitted prompt gamma-rays and the large pene
tration power of the neutrons allow the measurement of ~~
large samples.

2. Nitrogen Mass Calculation
2

Assuming a certain target with N nuclei per cm , the
gamma-rays emitted by unit time, for a radioactive capture
reaction are equal to

H = N c* IYf (1)
where a is the thermal neutron capture cross section, f is
the neutron flux, IY is the absolute intensity of the consdL
dered gamma transition and f is the isotopic abundance of "~
the considered isotope.

However, the gamma-rays reaching the detector and able
to be registered by the detection system are related also
with other factors, so we have

H = No* Iyf a TYey (2)
si is the solid angle between the target and the detector,T
is a transmission factor envolving the attenuation of the
gamma-ray beam through several absorvers until reaching the
detector and eY is the detection system efficiency.

Otherwise, the areas of all the peaks in the gamma-ray
spectrum are proportional to the gamma rays emitted by the
target, so, after a counting time t, we have

AREA - Na* Iyf fl T ye Y t (3)

But N = ĵj—̂ - , with m being the mass of a certain iso

tope present in the sample, No the Avogadro's number and M
the atomic mass of the element and we can rewrite

AREA = SJJ^0- a* f IY Jl IYeY t (4)
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termi
Then, by calculating the peak area we are able to de-
ne the mass of the Isotope of interest present in the

1. Samples and Standard

For the development of the method we used as neutron
source, the IEA-R1 research reactor at Sao Paulo.

The experimental set up for this experiment is instai
led at the tangenclal tube of the reactor and the basic fea
tores of our internal target facility were described in "~
•ore details elsewhere, by Pecequilo20,21.

For data acquisition* a pair spectrometer20 and a
8192-channels analyzer were used.

The samples to be analyzed are positioned close to
the reactor core and the neutron flux-in typically about
5xl0H n.cm-2-s-l at the target position.

The sample holder is of pure graphite with a 4.0 cm
inner diameter and a depth varying from 0.3 to a maxima* of
1.3 cm. The holder has also a small cavity for the nickel,
standard pellet used in our measurements.

This standard, having a known mass and being Irradia
ted together the seeds sample,allows us to eliminate both
the inaccurate value of the neutron flux and the time of the
measurement (eq.4) through the nitrogen and standard areas
ratio.

we have selected a nickel standard since it Attends
the following requirements:
- it is an element absent in the vegetal, so,both the nitro
gen and the nickel transitions are free of mutuam interfe
rences,

- it has a reasonable thermal neutron capture cross section
for the most abundant isotope22, ..

- the 9 MeV gamma transition of the nil nomiwnind nucleus
has a high intensity; also, none of the other elements
present in the sample emitts such a gamma-ray energy,

- the 9 MeV 59si transition stays in the same energy region
as the 10.83 MeV 15W transition used in our calculations,
so we can measure both of them at 'the same time.
Flg.l presents a typical soybean spectrum, with both the

9 MeV and 10.83 MeV transitions, clearly without interferen
ces. ~"

The nitrogen and nickel peaks areas ratio is given by

AW) = •(•) MQlil oMI IyW) f (•) e',(•) f5)
A Oil) mQH.1 HIM} o(Bi} XyCMI f (VIJ e'.ffl)'

where A(M) is the nitrogen peak area and A Oil) is the:
one. The other symbols are the same at in equations 1-4.

The c"T efficiency is a relative efficiency, because
we are not consider the gamma-ray transmission corrections23

and the nuclear data used in our calculation are from refe—
19 (nitrogen transitions intensities), 18 (nitrogen

il capture cross section), 22(nickel transitions intern
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sities/isotopic abundances, and capture cross sections) and
24 (nitrogen lsotopic abundance).

2. The Pair Spectrometer Efficiency

The determination of the efficiency curve of our pair
spectrometer is made through the measurement of a prompt
gamma-ray energies set with well-known energies and intensjL
ties. "~

We used a compound target of melamine(C3H6N6)/ sodium
chlorine (NaCl) and metallic chromium measured in the high
energy region (6.5 to 11 MeV),' for in this region,, the ni-
trogen, chlorine and chromium isotopes have a large nunber of
transitions with very well determined intensities and ener
gies. "~

The relative efficiency e' of a certain energy with an
IY intensity is given by

, _ AREA

Y TT
where AREA is the transition peak area.

The gamma transitions intensities and energies con-
sidered in our calculations were the Bellman's19 values for
the nitrogen and the Kennett's25 values for the chlorine,
while for the chromium isotopes the data came from the Nu-
clear Data Sheets26,27,28.

RESULTS
The peak area calculations were done by using the

GAUSSV29 and SAMPO^O computer programs.
First we determined the nitrogen concentration of a

National Bureau of Standards target of KNO3(SRM 193) with a
known percent nitrogen concentration of 13.85 + 0.01.

With this measurement we were able to tei"t all the ex
perimental conditions and also the mathematical method of ~"
analysis. We could also verify the nickel standard(geometry
and dimension), the sample holder material and the relative
efficiency values.

The result shown a nitrogen percent content of 13.85+
0.38, which allows us to say that the experimental con- "~
ditions and the method used for the nitrogen determination
are reliables.

The several seeds selected for analysis by means of
the thermal neutron capture prompt gamma-rays technique .are
soybean, common bean, peas and rice. We selected this par-
ticular set chiefly because, as shown in Table I, the ni-
trogen content varies from a low value for rice to a high
value for soybean, allowing a better evaluation of the tech
nique application performance. ""

Other reasons for our choice were motivated by the
fact that the rice and the common bean form the main brazi-
lian nourishment, and the soybean, for its large protein
content, is an important substitute for animal protein.

The results of the nitrogen determination in seeds
using eq.5 are presented in Table II.
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TABLE I
Typical Values of Nitrogen Percent Content in Grains

Grain

%N 0.

Rice32

9 - 2.1

Percent Nitrogen

^\.^ Sample

Seed ^^s^1.
Soybean

Conunon Bean

Peas

Rice

1

6.34 +

3.43 +

3.60 +

1.02 +

2

r

Common
Bean32

.9 -

PABLE
Measured

0,16

0.20

0.11

0.09

6.11
6.13

3.49

3.69

4.8

II
in

2

1+
1 

+

+

+

Peas33

2.9 - 4.8

Several Samples

0
0

0

0

.28

.18

.20

.10

3

6.22 + 0.32

Soybean33

5.9 -

4

6.28
6.23
6.27

• 8 .

+ 0
+ 0
+ 0

0

.18

.29

.18

The reproducibility of the method was tested by measu
ring several times some soybean samples and the results
show an 0.8% deviation. This also allows us to say that there
is not nitrogen loss during the irradiation.

DISCUSSION

The thermal neutron capture prompt gamma-rays tech-
nique shown a good performance for the nitrogen content de
termination in seeds. Although we used a research reactor as
neutron source, the main characteristic of the method is its
versatility,since its permits the utilization of an isotropic
neutron source. Despite the fact that the isotropic neutron
source flux is lower than the reactor flux, we can reduce
the solid angle factor by approximating the detector to the
sample.

Since the neutron flux from an isotropic neutron source
is constant, a standard is not required, simplyfing the sam-
ple preparation. ,,-

Furthermore, as the 10.83 N transition is unique in
that energy region, it is possible to use a sodium Iodide
for detecting the gamma-rays, at a lower cost than with a
Ge(Li) detector, also facilitating the in situ analysis of.
the seeds.

Using an isotropic neutron source, the gamma dose for
the seed sample is very low, so the analysis is also non~
-destructive in the genetic sense, as the embryo dose cannot
excels about 100 rads*. This is very interesting for the plant
breeding programmes, because the seeds with higher protein
content can be used in a second generation.
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The advantage of using the prompt gamma-ray technique
in the plant breeding programmes lies also in the possibil^
ty of the continuous measurement of N concentration, which"
would allow automatic determination of the protein content.
Using a Nal(Tl) detector, the instrumental requirements are
comparatively low, so it seems to be no severe limitations
on the future application of this technique.
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