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Abstract The mass attenuation coefficients (l/q) of a

natural material, i.e., olive peat, were measured at photon

energies of 0.059, 0.356, 0.662, 1.17, and 1.332 MeV and

compared with those of concrete and Pb. The experimental

samples were irradiated with 214Am, 133Ba, 137Cs, and 60Co

point sources using a transmission arrangement. The olive

peat samples were obtained from different areas in Jordan,

namely Mafraq (sample M), Kerak (sample K), Ajloun

(sample A), and Irbid (sample I), and photon energies were

measured using a NaI(Tl) scintillation detector with an

energy resolution of 7.6% at 662 keV. The differences in

the l/q of olive peat samples and the calculated l/q of

concrete were consistently within 0.7% at photon energies

of 0.356–1.332 MeV. This finding indicates that olive peat

can be used in radiation applications in the field of medical

physics. Finally, the half-value layer (HVL) of the exper-

imental samples was measured, and results were compared

with those of concrete and Pb. Pb and concrete exhibited

minimal HVL values due to their high density, and the

HVL of olive peat revealed lower shielding effectiveness

than that of concrete.

Keywords Olive peat � Attenuation coefficient � Half-
value layer � Gamma ray

1 Introduction

The search for new alternative sources of energy,

especially those that can replace petroleum, is a popular

research topic. Jordan experiences increased demands for

fuel during winter. As the price of fuel increases, alterna-

tive sources of heat energy must be developed. One such

potential energy source is olive peat, which is easily dried

from flammable materials and can spread heat when used

in fireplaces or wood stoves. Olive peat is also an important

alternative fuel source in cement and iron factories.

The olive peat can be used as a clean, reliable source of

energy [1] and organic compost [2]. Olive peat is com-

monly used as an energy source instead of firewood

because of its low cost, as some prefer it instead of wood to

reduce the logging [3]. The use of olive peat reduces the

need for logging in forest areas. As Jordan is characterized

by large quantities of olive trees [4], peat can easily be

acquired during the processing of olives. Peat is all that

remains of olive seeds, fruits, and leaves after processing. It

is a substance rich in oil, which usually makes up 40% of

the weight of the fruit, and can easily be obtained from the

residue of olive presses they are grouped with each end of

the olive milling season. Exposure to radiation from vari-

ous natural sources is a daily occurrence. The extent of

exposure to natural radiation varies according to one’s

location, and complete protection against radiation expo-

sure is usually impossible unless specific procedures from

appropriate buildings are applied. In general, the use of

radiation shielding, the type of shielding applied, and the

amount of shielding necessary depend on the type of

radiation present and its activity.

Application of gamma rays is rapidly increasing in

several fields, such as nuclear and radiation physics,
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industry, medicine, environment, energy production, radi-

ation dosimetry, biological physics, and agriculture [5–11].

While Pb is usually applied as a traditional shielding

material for radiation, the extensive use of this material is

impractical because of its high density and cost. Previous

studies have suggested the use of materials, such as con-

crete, colemanite, steel and polymers, as radiation shields

[12–19]. The mass attenuation coefficient (l/q) character-
izes the penetration and diffusion of gamma radiation into a

material. The half-value layer (HVL) is useful to under-

stand the behavior of a material subjected to ionizing

radiation [20, 21].

Olive peat is widely available indoors in Jordan, and

knowledge of its radioactive behavior is important to

determine whether it can be used as a radiation shield. To

date, no previous studies on this material have yet been

published. Studying the radiation attenuation coefficient of

olive peat material is of considerable interest. The aim of

this study is to identify the energy parameters of olive peat

and assess its shielding ability. Herein, the l/q of olive peat

samples obtained at photon energies of 0.059, 0.356, 0.662,

1.17, and 1.332 MeV is compared with the calculated l/q
of concrete and lead.

2 Experimental

2.1 Sample preparation

After the oil had been extracted from olives, the rest of

the unused samples were packed in an open area, usually

near a water pond, and exposed for approximately

1 month. The samples were collected from different areas

in Jordan, namely Mafraq (sample M), Kerak (sample K),

Ajloun (sample A), and Irbid (sample I), and left for

30 days in the air to reduce their water content. Figure 1

shows the different locations from which the samples were

obtained.

Samples were dried to about 6% moisture and then

sieved (size: 140 lm) to remove large particles. They were

then compressed into pellets using a manual hydraulic

press machine for 45 s at 31 MPa. No other reagent was

added to the material to fabricate the binderless pellets.

Four pellets of different thickness (i.e., 0.5, 1.0, 1.5, or

2.0 cm) and an area of 1.41 cm2 were obtained. Table 1

lists the olive peat samples according to the area from

where they were obtained and the densities measured after

pelletization. The densities of the pellets were calculated

by dividing their mass (g) by their volume (cm3).

Energy-dispersive X-ray analysis (EDXA) (FEI Nova

SEM 450) was used to determine the elemental composi-

tion of the samples. The pellets were scanned at magnifi-

cations of 5009 and 10009 at an acceleration voltage of

10 kV (Fig. 2). Details of the elemental composition of the

olive peat samples and the results of chemical analysis of

concrete are shown in Table 2.

2.2 Mass attenuation coefficient measurements

The linear mass coefficient (l) and l/q are determined

by measuring the transmission photon beam passing

through samples of known thickness. The experimental

setup in this work is shown in Fig. 3. Point sources

(10 mCi) of 214Am (0.059 MeV), 133Ba (0.356 MeV),
137Cs (0.662 MeV), and 60Co (1.17 and 1.332 MeV) were

used to irradiate the samples. Each sample was irradiated

thrice, and the average value was taken to calculate l.
Energy intensities were measured using a 200 9 200 NaI(Tl)
scintillation detector (ORTEC Inc.) with an energy reso-

lution of 7.6% at 662 keV. Signals were collected into a

spectroscopic amplifier and multichannel pulse height

analyzer, and samples were irradiated for 3600 s to ensure

good statistics. The gamma spectra were analyzed using a

Maestro-ORTEC instrument.

 

Irbid 

Ajloun 

Mafraq 

Kerak 

Fig. 1 The sampling sites of olive peat in Jordan

Table 1 Olive peat samples with obtained sampling sites and mea-

sured densities

Samples Sampling sites Measured density (g/cm3)

Average Max. Min. SD

M Mafraq 1.21 1.24 1.18 0.03

K Kerak 1.28 1.31 1.25 0.03

A Ajloun 1.16 1.18 1.14 0.02

I Irbid 1.18 1.21 1.15 0.03
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The detector shield was surrounded by a 5-cm-thick

layer of Pb to reduce background and scattered radiation.

The diameters of the collimator facing the detector and

another collimator in front of the point source were 0.3 and

0.5 cm, respectively, and the distances between the point

source and sample and between the sample and detector

were 8 and 7 cm, respectively. The experimental setup is

displayed in Fig. 3.

The l (cm-1) and l/q (cm2/g) of the olive peat samples

were calculated according to Beer–Lambert’s law using

Eqs. (1) and (2), respectively.

I ¼ Ioe
�lx; ð1Þ

l=q ¼ 1

qx
ln

Io

I

� �
; ð2Þ

where Io denotes the photon intensity without sample; I is

the photon intensity after sample; and qx is the mass

thickness.

The error in the mass attenuation coefficient (l=q) is

given by:

rl=q ¼ rl
l
þ rq

q

� �
� l

q

� �
; ð3Þ

where rl ¼ �ðlmax � lminÞ=2 and q is the density of the

sample.

The attenuation experiment was performed by measur-

ing the l/q of Al with a thickness of 0.5 cm (Fig. 4). No

significant difference between the theoretical and experi-

mental l/q of Al at different gamma ray energies was

observed, and a high correlation of R2 = 0.9981 was

obtained. The theoretical l/q of Al was calculated using

XCOM software.

2.3 Half-value layer

X-ray penetration through a shielding material is char-

acterized by the attenuation property and half-value layer

(HVL). Accurate data of these characteristics are necessary

to develop shielding materials for different applications,

such as nuclear medicine, radiation physics, and radiology.

HVL is defined as the material thickness at which the

incident photon intensity falls to half its value (Io/2). The

Element 
Number

Element 
Symbol

Element 
Name

Weight 
Concentra�on

Error

6 C Carbon 50.9 0.7
8 O Oxygen 43.6 0.1
19 K Potassium5.3 0.7
22 Ti Titanium 0.2 1.4

Fig. 2 EDXA spectrum and

elemental composition of olive

peat made from sample A

Table 2 Elemental composition (%) by relative weight of the olive

peat (M, K, A, and I) samples and concrete

Samples

M (%) K (%) A (%) I (%) Concrete (%)

H – – – – 0.9

C 54.7 57.7 50.9 52.3 0.1

O 41.2 41.2 43.6 41.3 53.6

K 4.1 – 5.3 – 0.3

Ti – – 0.2 3.7 –

In – 1.1 – – –

Na – – – – 0.5

Mg – – – – 0.1

Al – – – – 1.3

Si – – – – 36.7

S – – – – 0.1

Fe – – – – 0.6

Ca – – – – 5.6
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HVL of the olive peat samples is calculated according to

Eq. (4).

HVL ¼ ln2

l
ð4Þ

3 Results and discussion

3.1 Mass attenuation coefficient measurements

The l/q of the olive peat samples obtained at photon

energies of 0.059, 0.356, 0.662, 1.17, and 1.332 MeV is

shown in Table 3. The intensities of the incident and

transmitted gamma rays are determined from the net area

under the ka peak of the different sources. The errors in l/q
of the olive peat samples are between 0.002% and 0.020%.

Table 3 reveals that l/q decreases with increasing photon

energy, as also shown in Fig. 5. The difference in measured

l/q of the olive peat samples can be attributed to differ-

ences in the elemental compositions of the samples.

However, no difference in terms of basic elements, such as

oxygen and carbon, which have similar atomic numbers, is

found. No significant differences between the l/q of the

olive peat samples are observed in the range of

0.356–1.332 MeV, likely due to the similarity of the basic

structure of the samples. Clear variations among the sam-

ples occur at 0.059 MeV.

The calculated and measured l/q of the olive peat

samples is shown in Table 4. Good agreement between the

experimental and theoretically calculated results is

observed in the range of 0.356–1.332 MeV, but the former

tend to be slightly lower than the latter. This difference can

be attributed to differences in the elemental compositions

of the samples.

Figure 5 compares the experimental l/q of the olive

peat samples with the theoretical l/q of concrete and Pb as

calculated using XCOM software [22]. The l/q of the olive

peat samples is in close agreement with the calculated l/q
of concrete. Interestingly, the experimental l/q of the olive

peat samples and calculated l/q of concrete and Pb

decrease irregularly with increasing photon energy. Pho-

toelectric and Compton effects appear to dominate at

energy levels less than 0.356 MeV (Fig. 5). In addition, the

different l/q of the four studied samples, concrete, and Pb

could be clearly observed in the low-energy region. This

result can be attributed to the fact that photoelectric effects

are different from varying material combinations of olive

peat and concrete materials when compared with Pb

material. The olive peat samples contain essential ele-

ments, namely O and C, as well as slight differences in

some heavy-metal elements; these differences can affect

the l/q of the samples at low photon energies. In addition,

the olive peat material has the ability to capture these

elements, and therefore, future studies can be carried out on

this material. Figure 6 shows the experimental l/q of the

samples at 0.356–1.332 MeV in comparison with the

XCOM-calculated l/q of concrete and Pb. The l/q of the

Fig. 3 Experimental setup (color online)
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Fig. 4 The comparison of experimental and theoretical values of

mass attenuation coefficients of Al
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olive peat samples is closer to the calculated l/q of con-

crete than to the calculated l/q of Pb at 0.0356 MeV. The

level of agreement between the attenuation measurements

for olive peat and concrete at the studied photon energy

range has not been measured in the previous work. These

results indicate that olive peat can potentially be used as

radiation shield or as a phantom material.

The percentage difference between the experimental l/q
of olive peat samples and the calculated l/q of concrete at

photon beam energies of 0.059, 0.356, 0.662, 1.17, and

1.332 MeV is shown in Table 5. No significant difference

was found among the olive peat samples and the calculated

concrete, where the percentage difference of l/q values for

olive peat samples from concrete is within 0.7% at photon

energies of 0.356–1.332 MeV. However, the radiation

behaviors of the same samples were consistent with the

previous results [23, 24] at a low photon energy of

0.059 MeV. In addition, the percentage difference in the l/
q of sample K from the calculated l/q of concrete was

generally lower than that of other samples at all energies

tested.

A comparison of the l/q of olive peat samples with

those of some polymeric materials by [23–25] is presented

in Table 6. The l/q of the olive peat samples at 0.059 MeV

is compatible with that of Perspex [23] and polycarbonate

[24]. These findings indicate that olive peat has potential

use in radiation applications in the field of medical physics.

3.2 Half-value layer (HVL) measurements

The measured HVL of the olive peat samples and cal-

culated HVL of concrete and Pb are given in Table 7. The

results indicate that HVL depends on the photon energy.

Figure 7 compares the experimental HVL of the samples
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Fig. 5 Mass attenuation

coefficient at photon energy

(0.059–1.133) MeV for olive

peat (M, K, A, and I) samples

compared with calculated

XCOM for concrete and lead

Table 4 Experimentally measured and theoretically calculated (XCOM) mass attenuation coefficients of olive peat (M, K, A, and I) samples at

0.059, 0.356, 0.662, 1.17, and 1.332 MeV photon energies

Samples 241Am 133Ba 137Cs 60Co 60Co

0.059 MeV 0.356 MeV 0.662 MeV 1.17 MeV 1.332 MeV

Calc. Exp. Calc. Exp. Calc. Exp. Calc. Exp. Calc. Exp.

M 0.185 0.169 ± 0.019 0.100 0.096 ± 0.012 0.077 0.073 ± 0.008 0.060 0.056 ± 0.004 0.055 0.052 ± 0.003

K 0.239 0.221 ± 0.020 0.100 0.098 ± 0.017 0.077 0.075 ± 0.006 0.060 0.058 ± 0.005 0.055 0.053 ± 0.003

A 0.207 0.203 ± 0.017 0.100 0.095 ± 0.011 0.077 0.074 ± 0.006 0.060 0.055 ± 0.003 0.055 0.053 ± 0.002

I 0.192 0.175 ± 0.016 0.099 0.094 ± 0.013 0.077 0.074 ± 0.004 0.060 0.056 ± 0.004 0.055 0.054 ± 0.003
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Fig. 6 Mass attenuation

coefficient at photon energy

(0.356–1.133) MeV for olive

peat (M, K, A, and I) samples

compared with the calculated

XCOM for concrete and lead

Table 5 Percentage difference of mass attenuation coefficients of the

olive peat (M, K, A, and I) samples with respect to the calculated

XCOM for concrete

Energy (MeV) Samples

M K A I

0.059 - 11.16 - 6.05 - 6.05 - 10.62

0.356 - 0.50 - 0.30 - 0.30 - 0.70

0.662 - 0.46 - 0.30 - 0.30 - 0.37

1.17 - 0.39 - 0.56 - 0.53 - 0.44

1.332 - 0.30 - 0.20 - 0.20 - 0.10

Table 6 Comparison of the mass attenuation coefficient results of the olive peat (M, K, A, and I) samples and calculated concrete and polymer

materials from previous studies Abdel-Rahman et al. [23], Singh et al. [24], Kucuk et al. [25]

Energy Samples

MeV Measured

concrete

M K A I Perspexa Polyethyleneb Polycarbonatec

0.059 0.281 0.169 ± 0.019 0.221 ± 0.020 0.203 ± 0.017 0.175 ± 0.016 0.193a 0.112b 0.172c

0.356 0.101 0.096 ± 0.012 0.098 ± 0.017 0.095 ± 0.011 0.094 ± 0.013 – – –

0.662 0.078 0.073 ± 0.008 0.075 ± 0.006 0.074 ± 0.006 0.074 ± 0.004 0.084a 0.072b 0.081c

1.17 0.060 0.056 ± 0.004 0.058 ± 0.005 0.055 ± 0.003 0.056 ± 0.004 – 0.054b 0.061c

1.332 0.055 0.052 ± 0.003 0.053 ± 0.003 0.053 ± 0.002 0.054 ± 0.003 0.060a 0.056b 0.057c

Density (g/

cm3)

2.30 1.21 1.28 1.16 1.18 1.18a 0.92b 1.22c

aAbdel-Rahman et al. [23]
bKucuk et al. [25]
cSingh et al. [24]

Table 7 Experimental and calculated values of HVL (cm) for olive

peat (M, K, A, and I) samples and calculated values of concrete and

lead at 0.059, 0.356, 0.662, 1.17, and 1.332 MeV photon energies

Energy (MeV) Samples

M K A I Concrete Lead

0.059 3.37 2.45 2.95 3.35 1.07 0.01

0.356 5.95 5.51 6.31 6.24 2.97 0.21

0.662 7.78 7.20 8.09 7.90 3.87 0.56

1.17 10.18 9.87 10.16 10.54 5.00 0.96

1.332 10.98 10.19 11.31 10.86 5.48 1.09
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with the calculated HVL of concrete and Pb. The

HVL values of the samples increase with increasing photon

energy. According to their, HVL the olive peat samples,

concrete, and Pb exhibit the same behavior. HVL is an

important quantitative factor of the penetration potential of

specific radiation through specific materials [26]. Materials

with values lower than HVL are better radiation shields in

terms of thickness requirements [27]. Figure 7 shows that

the HVL of Pb and concrete is minimal due to their high

density. By comparison, the HVL of the olive peat samples

indicates lower shielding effectiveness than that of con-

crete. Therefore, to achieve the required radiation protec-

tion, a thicker layer of olive peat should be applied.

4 Conclusion

The present study revealed the l/q of olive peat samples

obtained from four different regions in Jordan at photon

energies of 0.059, 0.356, 0.662, 1.17, and 1.332 MeV.

Radioactive 214Am, 133Ba, 137Cs, and 60Co point sources

were used. The results indicated that the l/q of olive peat

samples is in good agreement with the calculated l/q of

concrete with an estimated error of only 1.8–6.9% at

photon energies of 0.356–1.332 MeV. In particular, the l/q
of the olive peat samples was closer to the calculated l/q of

concrete than to that of Pb at 0.0356 MeV. These findings

indicate that olive peat has potential use in radiation

applications in the field of medical physics. The HVL of all

samples was measured, and the olive peat samples revealed

lower shielding effectiveness than concrete. Olive peat is a

natural and easily available material.
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