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Effective atomic numbers in some food materials and medicines
for γ -ray attenuation using 137Cs γ -ray
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Abstract. A light-weight multichannel analyser (MCA)-based γ -ray spectrometer, developed earlier at the Inter
University Accelerator Centre, New Delhi, has been used as part of the PG curriculum, to determine the effective
atomic numbers for γ attenuation of 137Cs γ -ray in different types of samples. The samples used are mixtures of
graphite, aluminum and selenium powders in different proportions, commercial and home-made edible powders,
fruit and vegetable juices as well as certain allopathic and ayurvedic medications. A narrow beam good geometry
set-up has been used in the experiments. The measured attenuation coefficients have been used to extract effective
atomic numbers in the samples. The results are consistent with XCOM values wherever available. The present
results suggest that the γ attenuation technique can be used as an effective non-destructive method for finding
adulteration of food materials.
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mixture samples; vegetable and fruit juices.
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1. Introduction

Measurement of γ -ray attenuation is useful for study-
ing radiation transport and energy deposition and γ -ray
attenuation plays an important role in medical physics,
reactor shielding, industrial radiography etc. The con-
cept of effective atomic number [1] is very useful for
composite materials in the form of compounds having
a definite proportion of the constituent elements as well
as mixtures of elements or compounds wherein the cor-
responding proportions can vary.

The most straightforward way (type I) to obtain the
effective atomic number is to fit the theoretical XCOM
[2] values for the mass attenuation coefficients with a
polynomial as a function of the atomic number Z and to
calculate Zeff,I using this polynomial at the experimen-
tal value of μ.

Murty [3] derived an empirical relation to calculate
the effective atomic number (type II) of heterogeneous
materials, consisting of a number of elements in varying
proportions as

Zeff,II =
∑

wi Zi Ai
∑

wi/Ai
. (1)

Here wi is the weight fraction of the i th element in
the composite material, Zi is the atomic number and Ai
is the atomic mass.

Finally, yet another method [4] for extracting effective
atomic number (type III) is to first derive the atomic
and electronic cross-sections from the measured mass
attenuation coefficients as follows:

σa = μc

N0
∑

wi/Ai
(2)

σe = 1

N0

∑ wi Aiμi

Zi
. (3)

In the above equations, N0 is the Avogadro number
and μi is the mass attenuation coefficient of the i th ele-
ment.

The effective number is subsequently extracted as the
ratio of the above quantities:

Zeff,III = σa

σe
. (4)

Experimental studies aimed at the extraction of effec-
tive atomic numbers have been carried out by various
investigators in varied types of composite materials such
as metallic alloys, building materials like concrete and
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cement etc. However, such studies have not been done
on food materials like edible powders, fruit juices, veg-
etable extracts etc.

Also, the γ -ray attenuation technique can be used
to study adulteration in food items, especially as the
method is non-destructive. Chikkappa and Ramesh [5]
effectively applied the method to detect melanin con-
tamination in solid milk powder.

In the present study, we have carried out measure-
ments on γ -ray attenuation using 137Cs γ -rays in
powder mixtures of the elemental samples of carbon,
aluminum, selenium, certain home-made and pure edi-
ble powders and their commercial counterparts, some
fruit juices and vegetable extracts as well as certain allo-
pathic and ayurvedic medications. From the results thus
obtained, we have extracted the effective atomic num-
bers for γ -ray attenuation using the three methods as
described above.

The measurements with the elemental powder
absorbers and their mixtures have been carried out for
validating the experimental set-up. The studies using
edible powders, medicines, juices and vegetable extracts
have been undertaken with a view to explore the possi-
bility of applying the technique of γ -ray attenuation for
checking adulteration in food materials.

The details of the measurements and the results
obtained therefrom are presented below.

2. Experimental details

A 137Cs source procured from BARC, Mumbai was
used as the source of 661.6 keV γ -rays for the present
study. The γ -rays were attenuated through the selected
absorbers in a narrow-beam good geometry set-up with
the source and detector aligned coaxially along a verti-
cal axis and allowed to be detected by a well-shielded
1′′ × 1′′ NaI[Tl] detector coupled to a 1′′ PMT. This
detector forms part of a light-weight MCA-based γ

spectrometer, developed earlier at the Inter University
Accelerator Centre, New Delhi [6], and used effectively
by Kiran et al [7,8] for the estimation of radioactive 40K
content in potassium salts and building materials. The
data acquisition and data analysis are carried out using
a python code, through a front-end GUI.

All the absorbers were in the form of powders or
liquids and are taken in a glass beaker of 11.5 cm2 cross-
sectional area, placed on a suitable stand. A sensitive
electronic balance was used to determine the thickness
of the absorbers in units of g/cm2. The elemental pow-
der absorbers of graphite, aluminum and selenium were
obtained from standard companies and have better than
99.5% purity. Some of the edible powders have been
procured from commercial sources and some have been

home-made. Fruit juices and vegetable extracts have
also been obtained from home as well as commercial
sources. The allopathic and ayurvedic medications have
been supplied by standard pharmaceautical companies.

The measurements have been done using the stan-
dard procedure of recording the γ -ray spectra of the
incident γ -ray and those transmitted through the vari-
ous absorbers and extracting the photopeak counts after
subtracting the appropriate background counts, deter-
mined in a separate run. Comparing the incident and
transmitted intensities for each absorber of measured
area density, the mass attenuation coefficient is cal-
culated. Thereafter, the corresponding effective atomic
numbers are extracted via an interpolation of the theo-
retical XCOM values.

Typical uncertainties in the quoted attenuation coeffi-
cient values have been estimated to be about 2–3%, the
major part of which arises from counting statistics and
partly due to uncertainties/non-uniformities in the target
thickness and mass measurement. The % uncertainties
in the extracted effective atomic numbers are similar to
that in the attenuation coefficients for type I, whereas
those for type III are somewhat larger depending on the
slope of the XCOM μ plot vs. Z. Type II values have
much less uncertainties as these depend only on the mass
measurements which have been more accurate.

3. Results and discussion

Table 1 lists the experimental values of the mass atten-
uation coefficients in the case of the elemental powder
absorbers of graphite, aluminum and selenium. For com-
parison with theory, the corresponding values obtained
using the XCOM package [2] are also given.

The experimental results for the mass attenuation
coefficients of the mixture absorbers involving pure
powder materials of graphite, aluminum and selenium
in different proportions are presented in table 2. The
effective atomic numbers for the mixtures are extracted
from the theoretical XCOM values at different integral
values of Z via interpolation.

Table 1. Gamma-ray mass attenuation coefficients in pure
elemental powders.

Atomic number Element Mass attenuation
coefficient (cm2/g)

Present expt. XCOM

6 C 0.0762 ± 0.0026 0.0772
13 Al 0.0735 ± 0.0024 0.0747
34 Se 0.0711 ± 0.0021 0.0697
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Table 2. Gamma-ray mass attenuation coefficients and effective atomic numbers in metal pow-
der mixtures.

Elements Ratio of weights Mass attenuation Zeff
coefficient (cm2/g)

Present expt. XCOM Murty Expt. XCOM fit

C, Al 0.18:0.82 0.0759 ± 0.0025 0.0751 10.7 10.8 ± 0.4 9.4 ± 0.7
C, Al 0.45:0.55 0.0765 ± 0.0026 0.0758 8.5 8.5 ± 0.4 7.9 ± 0.6
C, Se 0.27:0.73 0.0739 ± 0.0024 0.0718 14.2 14.6 ± 0.5 15.6 ±1.2
C, Se 0.41:0.59 0.0744 ± 0.0024 0.0728 11.0 11.3 ± 0.4 13.9 ±1.1
Al, Se 0.2:0.8 0.0720 ± 0.0021 0.0707 25.1 25.7 ± 0.8 22.4 ± 1.7
Al, Se 0.46:0.54 0.0730 ± 0.0022 0.0720 19.0 18.6 ± 0.6 19.3 ± 1.6

Figure 1. Comparison of spectra of direct γ -rays and the
transmitted γ -rays through pure maida and packed version.

The present results are seen to be consistent with the-
oretical XCOM values. Also, for aluminum, our result
for the mass attenuation coefficient agrees well with the
value of 0.073 obtained by Pravina [9].

We see that the present experimental results for the
effective atomic numbers for the mixtures of elemental
powders of the three types agree among themselves.

Figure 1 shows a comparison of the spectrum of
the direct γ -rays from the source with the spectra of
the γ -ray transmitted through the pure maida sam-
ple and the packed version, all collected for the same
period of time. The spectra of the pure (unprocessed
home-made) and packed maida samples apparently
overlap on either side of the photopeaks, but def-
initely show a noticeable difference near the peak,
amounting to about 4% difference in the net peak
areas. Such a difference in the net photopeak areas
translate to about 20% change in the natural loga-
rithms and consequently in the calculated attenuation
coefficients.

Table 3 gives mass attenuation coefficients for various
edible powders investigated in the present experiment.
The corresponding effective atomic numbers are also
listed.

In figure 2 a histogram of the above data for the food
powders is displayed. A typical error bar is indicated.

Table 3. Gamma-ray mass attenuation coefficients and effective atomic numbers in edible powders.

Sample ID Absorber Mass attenuation Zeff
coefficient (cm2/g)

1 Pure chilly powder 0.0785 ± 0.0027 2.19 ± 0.17
2 Packed chilly powder 0.0997 ± 0.0032 1.69 ± 0.13
3 Pure coriander powder 0.0751 ± 0.0026 2.31 ± 0.18
4 Packed coriander powder 0.0867 ± 0.0031 1.96 ± 0.16
5 Pure turmeric powder 0.1192 ± 0.0035 1.38 ± 40.11
6 Packed turmeric powder 0.1066 ± 0.0033 1.57 ± 0.14
7 Maida 0.0889 ± 0.0032 1.91 ± 0.15
8 Packed maida 0.0706 ± 0.0022 2.50 ± 0.21
9 Rice powder 0.0826 ± 0.0030 2.07 ± 0.16

10 Packed rice powder 0.0840 ± 0.0031 2.03 ± 0.16
11 Pure coffee powder 0.0836 ± 0.0031 2.04 ± 0.16
12 Packed coffee powder mixed with chicory 0.0734 ± 0.0025 2.38 ±0.19
13 Pure coconut oil 0.0854 ± 0.0031 2.00 ± 0.16
14 Pure coconut oil mixed with castor oil 0.0781 ± 0.0027 2.21 ±0.18
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Figure 2. Histogram for comparing effective atomic num-
bers in pure and packed food materials (typical error is
displayed).

Table 4. Gamma-ray mass attenuation coefficients and
effective atomic numbers in fruit juices.

Absorber Mass attenuation Zeff
coefficient (cm2/g)

Pure apple 0.076 ± 0.0026 2.25 ± 0.18
Pure green apple 0.084 ± 0.0026 2.02 ± 0.15
Bottled apple 0.081 ± 0.0026 2.11 ± 0.16
Pure orange 0.074 ± 0.0026 2.32 ± 0.18
Bottled orange 0.076 ± 0.0026 2.26 ± 0.18
Pure pineapple 0.092 ± 0.0026 1.83 ± 0.13
Bottled pineapple 0.074 ± 0.0026 2.35 ± 0.18
Pure mango 0.095 ± 0.0026 1.77 ± 0.13
Bottled mango 0.089 ± 0.0026 1.90 ± 0.15
Pure tomato 0.116 ± 0.0026 1.43 ± 0.12
Bottled tomato 0.073 ± 0.0026 2.36 ± 0.18

ketchup
Pure grape 0.079 ± 0.0026 2.17 ± 0.16
Pure watermelon 0.103 ± 0.0026 1.63 ± 0.12

Table 5. Gamma-ray mass attenuation coefficients and
effective atomic numbers in vegetable extracts.

Absorber Mass attenuation Zeff
coefficient (cm2/g)

Cucumber 0.085 ± 0.0026 1.99 ± 0.17
Pumpkin 0.080 ± 0.0026 2.14 ± 0.17
Bitter gourd 0.087 ± 0.0026 1.95 ± 0.15

Similar results in the case of fruit juices and vegetable
extracts are presented respectively in tables 4 and 5. For
the fruit juices we have compared the results for the pure
juices and the bottled versions.

Figure 3 shows the histogram of the effective atomic
numbers for the fruit and vegetable samples.

Figure 3. Histogram for comparing effective atomic num-
bers in fruit and vegetable samples (typical error is displayed).

Table 6. Gamma-ray mass attenuation coefficients
and effective atomic numbers in allopathic syrups.

Absorber Mass attenuation Zeff
coefficient (cm2/g)

Allercet M 0.080 ± 0.0028 2.13 ± 0.16
Benadryl 0.087 ± 0.0031 1.96 ± 0.15
Delcon 0.074 ± 0.0025 2.34 ± 0.18
Diovol 0.073 ± 0.0025 2.36 ± 0.18
Fepanil 0.111 ± 0.0033 1.49 ± 0.12
Health OK 0.078 ± 0.0027 2.19 ± 0.17
Pulmovent-LS 0.065 ± 0.0021 2.80 ± 0.24
R.B. Tone 0.078 ± 0.0027 2.20 ± 0.17
Rxmef-P 0.076 ± 0.0026 2.26 ± 0.18
Terbu 0.085 ±0.0030 1.99 ± 0.16
Windose 0.066 ± 0.0022 2.72 ± 0.23
Fimetone 0.070 ± 0.0023 2.49 ± 0.20

Table 7. Gamma-ray mass attenuation coefficients and
effective atomic numbers in ayurvedic medicines.

Absorber Mass attenuation Zeff
coefficient (cm2/g)

Natural honey 0.096 ± 0.0030 1.76 ± 0.14
Dhanvantharam 0.083 ± 0.0027 2.06 ± 0.17

kuzhambu
Khadirarishtam 0.074 ± 0.0025 2.34 ± 0.18
Sukamaram 0.076 ± 0.0026 2.27 ± 0.18

kashayam
Sukumara 0.070 ± 0.0022 2.49 ± 0.20

rasayanam

The results in the case of allopathic syrups and
ayurvedic medicines are presented respectively in tables
6 and 7.
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4. Discussion and conclusions

It is clear from the values of the mass attenuation coef-
ficients and the effective atomic numbers presented in
tables 3–7 that there are notable differences in these
values among the various absorbers studied. Compari-
son of the effective atomic numbers given in figures 2
and 3 show that in most of the cases the deviation
between the pure material and the packed versions is
beyond the experimental errors. This may be because
of the presence of preservatives, added flavours as well
as adulterants in them. Thus, a possible criterion for
distinguishing these materials based on the mass atten-
uation coefficients and effective atomic numbers is
indicated. Especially in the case of the edible powders,
the possibility of using the γ attenuation technique as
a non-destructive tool for detecting adulteration is indi-
cated.

The study also points to the possibility of the presence
of heavier and possibly polluting elements in bottled
juices.
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