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Abstract:

The present work deals with identifying and determining the concentration of natural
occurring radionuclides, 2**U and ***Th series in fertilizers used in Iraq. A total of 20 samples
collected from markets and farms. The gamma-ray spectrometer (HPGe) detector was used
for measuring gamma ray spectra. The ranges of radioactivity levels of *'*Pb, *'*Bi, *'*Pb,
*T] and **Ac are 402.53 — 17.09, 343.11- 2.50, 151.50 — 1.26, 67.62 — 1.12 and 42.84 —

22T series in fertilizers are 69.39

3.53 Bgkg™, respectively. The mean activities of >**U and
and 14.31 Bqkg™' respectively. The obtained data are compared with available reported data
from other countries in literature. The concentrations of **U series and **Th series in
fertilizer are lower than the limit adopted in UNSCEAR (2000) reports, and within the limits
of those used worldwide.
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Introduction:

The earth’s crust basically contains of
naturally occurring radionuclides such as
uranium and thorium. In soils, one of the
sources of radioactivity other than those of
natural origin is mainly due to the
extensive use of fertilizers which are rich
in phosphates wused for agricultural
purposes [1], [2]. The radionuclides are
found in all the elements in the
environment. They are present in varying
amounts in the air, water, vegetables,
animals, soil, rocks and the human body
itself [3], [4]. The specific levels for the
radioactivity of various soils are related to
the nature of the parent rock [5], [6]. The
agricultural practices have led to the
depletion of the natural elements in soils.
Therefore, phosphate fertilizers are used in
huge amounts everywhere in the world and
are essential for agricultural crops [7]. The
natural resource of phosphorus in
agriculture comes from phosphate rock. It
is found in two types of rocks: sedimentary
formations rock deposits which provide
about 80-85% of the raw material for

manufacturing phosphate fertilizers in the
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world, and the igneous rock which supplies
the remaining 15 - 20% of rock phosphate
to the fertilizers industry [8]. Several types
of phosphate fertilizers are produced, and
these are combined for the purpose of
application in the field. The natural
radionuclides of 2 8U, 22Th and decay
series are found in the fertilizer samples.
The concentration of natural radionuclides
in phosphate fertilizers varies significantly
from one country to another based on the
origin of the components [9], [10]. Rocks
of Morocco and United States of America
have been assessed to measure the
concentration of **U which was found to
be 1700.0 Bq kg and 1500.0 Bq kg,
respectively. Naturally, the sedimentary of
the rocks contains an average 0.015% of
U30g [11]. Guimond and Hardin [12] have
reported that phosphate rocks generally
have high concentration of **U. The main
fertilizers used in Iraq are urea, ammonium
sulphate, calcium ammonium nitrate,
phosphate rock, single super phosphates,
ammonium phosphate, potassium sulphate
and NPK, NP

and PK compound
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fertilizers. Animal manure is also a
complete fertilizer but is low in nutrients.
Manures vary in nutrient content according
to the animal source and what the animal
has been eating. Commonly available
manures include, cow, chicken and sheep.

Several publications have been concerned

Materials and methods:

Sample collection and preparation:

A total of 20 representive fertilizer samples
used in Iraq were obtained from farms and
various companies dealing with
agrochemicals. The fertilizer samples were
prepared for measurement of the natural
radioactivity of *®U and **Th series,
based on IAEA protocol using high purity
germanium detector [14]. The samples
were transferred into polyethylene bags

and tightly sealed. The samples were

crushed to obtain powder. Thereafter, the

Instrumentation and calibration:

High-resolution spectroscopic system was
used to measure the natural radioactivity of

fertilizer samples. A  high purity

germanium  coaxial detector (HPGe)

system model no. GEM-F7040P4 was used
which has a relative efficiency of 40% at

1.33 MeV for ®Co. The detector has
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about the radioactivity of phosphate
fertilizers throughout the world [13]. The
objective of the present study is to
determine the radioactivity associated with
U and Th contents of the fertilizer samples

using gamma ray spectrometry (HPGe).

powder was heated at 110 °C in the oven
for 24 h to remove moisture. All the
samples were sieved using 2 mm mesh
size, one kilogram was taken from each
fertilizer and kept in containers. The
samples then were labeled as type, time
and date for each sample. All the fertilizer
samples were stored in containers for at
least two month to confirm the radioactive

equilibrium between *U, ***Th and their

short-lived progenies [15], [16].

resolution 1.9 keV at 1.33 MeV of “Co.
Spectral data from the detector was
accumulated and analyzed by using
computer software MAESTRO-32 model
(A65-B32) provided by ORTEC as shown

in Figure 1. The sources, 137Cs, 6OC0, 33Ba

and "?Eu from the International Energy
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Agency IAEA, set no. 34 were used to
calibrate the high purity germanium
detector HPGe at a distance of ten
centimeters between the detector and
sources. The main details of the standard
source are given in Table 1. The absolute
efficiency calibration was achieved by
mixed standard gamma sources (Ref. no.
34, IAEA) as shown in Table 1. The
absolute efficiency was calculated by using

the formula given below [17].

Vol.20 No.% Year 2015
c
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where ¢ is the absolute efficiency for each
gamma-ray energy E, C, is the net area
under the full energy peak of the gamma-
ray energy, [, is the gamma-ray emission
probability at energy E, LT is the live time
for counting (sec) and A€ s the

activity (Bq) of the standard sources.

Figure (1): High purity germanium detector (HPGe) setup
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Table (1): The mixed standard gamma sources (IAEA) used to determine the energy calibration

and the absolute efficiency of the HPGe detector

Radionuclide Energy (keV) Activity (kBq) Intensity (%)
BCs 661.6 371.6 85.10
Do 1173.24, 1332.50 387.0 99.97, 99.98
Ba 276.4, 356, 853 359.1 7.16, 62.1, 18.33
By 121, 344,778, 1112, 1408 | 383.3 28,26, 13, 13, 21

Radiometric Analysis:

Radiometric measurements were
performed for 28,800 sec to measure the
qualitative and quantitative determination
of #*U and *’Th series in the fertilizer
samples. The activities of **U and ***Th
series were measured through their
daughters as given in Table 2. The activity
(A) of the radionuclides was calculated
using Equation 2 as given by [18].

C
14S= n

stnyTxm

2)

where A, is the specific activity in Bq kg™,
C, is the net count rate under peak per
second and subtract the background under
this peak, & is the absolute efficiency for
each gamma-ray energy E, Iy is the
gamma-ray emission probability at each

energy, LT is the life time for counting

(sec) and m is the mass of the samples

(kg).

Table (2): Gamma-ray energy used to measure the activity of the radionuclides [14]

Parent Nuclide Daughter Nuclide Y -Ray Energy (keV) | Abundance (Iy ) %
2y ““Pb 351.9 35.8
“1Bi 1120.3 14.9
*Th *12pp 238.6 45
%11 583.1 30
Ac 911.1 29
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Results and discussion:

The concentrations of 2*U and ***Th series
are measured in different fertilizer samples
used in Iraq are shown in Table 3. The
radioactivity of *'*Pb ranged from 17.09
Bgkg' in NPK to 402.53 Bgkg' in
Phosphorus, while the concentration of
21Bj ranged from 2.50 Bgkg™ in Fish bone
to 343.11 Bgkg' in Phosphorus. The
Phosphorus

fertilizer contained higher

contents of **U series than other
fertilizers. The activity of *'*Pb ranged
from 1.26 Bgkg' in Organic fertilizers to
151.50 Bgkg' in Fish bone, while the
concentration of **TI found from 1.12
Bgkg” in NPK to 67.62 Bgkg' in Fish
bone Bqkg™, however, the concentration of
22Ac ranged from 3.53 Bgkg™ in SSP to
42.84 Bgkg" in Fish bone. The Fish bone
fertilizers contained higher contents of

232 The

Th series than other fertilizers.
concentration of 2“Pb and *'“Bi were
found in Organic fertilizers lower than in
Phosphorus, SSP, RF, and TSP, while the
concentration higher than in NPK and

Urea. The activity of me, 29871 and 2*Ac

were found in Fish bone fertilizers higher
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than in Phosphorus, Korea fertilizers, Urea,
Malaysian fertilizers, Organic, TSP, NPK,
SSP and RF. The mean concentration of
21%pp and ?'*Bi are higher than the mean
concentration of 212Pb, 2871 and **®Ac.
Table.4 shows a comparison between the
concentrations in fertilizer samples used in
Iraq with other review of the worldwide
data on natural concentration in fertilizers.
The mean concentration of **U series
were found lower than the concentration in
Italy, Pakistan, India, Egypt and Nigeria,
while the concentration higher than in
Saudi Arabia. The mean concentration of
*2Th series were found higher than the
concentration in Pakistan, India and
Nigeria, while the concentration lower than
in Saudi Arabia, Italy and Egypt. The
present results showed the concentration of
fertilizer ~samples lower than the
concentration was reported by UNSCEAR.
The highest concentration of **U series
were found in phosphorus. This is in
agreement with relevant previous studies

that noted the concentration of uranium

follows the concentration of P05 in
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various fertilizers. There is a direct
relationship between uranium and P,0Os
content of fertilizers [19]. In general, the
large amount of fertilizer has affected on
increased of the

soil, because of it

radionuclides concentration. On the other

Conclusions:

The natural radioactivity of ***U and ***Th
series has been measured in fertilizers used
in Iraq. The mean concentration of ***U
and *’Th series in fertilizers are 69.39 and
14.31 Bgkg respectively. The
concentrations of **U series and ***Th
series in fertilizer are lower than the limit
reported by UNSCEAR. On the other
hand, the health of the entire population

might be affected due to the use of

hand, the application of these fertilizers
causes an accumulation of radioactivity in
soils that can be transferred to plants and it
is harmful for the health of farmers and

consumers of the products.

phosphate  fertilizers for agricultural
purposes. Phosphate fertilizers pose a great
danger on human health because its
content has higher concentrations of
uranium. These results widely supported
the use of organic fertilizers in agriculture.
The obtained data could be useful as
baseline data for radiation exposure in

fertilizers and their impact on human

health.

Table 3: The concentrations of U and ***Th series in fertilizer samples collected from

marketing
“SUseries (Bgkg™) “’Th series (Bqkg™)
Fertilizer Samples “1“pp “1Bij “12pp 2971 “Ac
NPK 17.09 22.51 6.42 1.12 7.74
Organic 18.95 24.84 1.26 9.55 10.62
Malaysian Fertilizers - 4.69 - 10.83 4.68
Urea - 7.24 - 10.54 5.12
Korea Fertilizers - 7.86 - 9.79 5.18
Fish bone - 2.50 151.5 67.62 42.84
Phosphorus 402.53 343.11 6.04 24.67 26.60
Triple Supper Phosphate (TSP) | 44.88 58.66 6.92 6.04 6.86
Rock Phosphate (RF) 80.87 109.08 2.49 3.64 6.59
Single Superphosphate (SSP) 130.25 111.94 1.68 242 3.53
Mean 69.45 69.24 17.63 15.31 11.98
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Table 4: A comparison of the concentrations of ***U and **’Th series of fertilizer samples with

the values reported for other countries

Country 80U series (Bgkg™") | **Th series (Bgkg™") | References
Italy 120.00 3.50 [20]

Pakistan 526.00 50.00 [21]

India 120.00 65.00 [22]

Egypt 410.00 7.90 [23]

Saudi Arabia | 64.90 6.01 [24]

Nigeria 557.90 16.10 [13]

Mean 69.39 14.31 Present Study

References

1. Abbady.A, El-Arabi. A.M., Abbady
A.G.E., Taha S., (2008). Gamma-ray
measurements of natural radioactivity in
cultivated and reclaimed soil, Upper Egypt.
International Conference on Radioecology
and Environmental Radioactivity,pp.15-20.
2. El-Farrash, A. H., Yousef, H. A., &
Hafez, A. F. (2012). Activity
concentrations of **U and ***Th in some
soil and fertilizer samples using passive
and active techniques. Radiation
Measurements, 47(8), pp. 644-648.

3. UNSCEAR, (2000). United Nations
Scientific Committee on the Effect of
Atomic Radiation Sources, Effects and
Risks of Ionizing Radiation. Report to the
General  Assembly, with  Scientific
Annexes, United Nations, New York.

4. TAEA, International Atomic Energy

Agency, (1999). Communications on
Nuclear Radiation Transport and waste
safety, Practical handbook. Vienna,
Austria.

5. NCRP, National Council on Radiation
Protection and Measurements, (1977).
Environmental Radiation Measurement.
NCRP Report No.50, Washington, D.C.

6. UNSCEAR, (1993). United Nations
Scientific Committee on the Effect of
Atomic Radiation Sources, Effects and
Risks of Ionizing Radiation. Report to the
General  Assembly, with  Scientific
Annexes, United Nations, New York.

86

7. Aswood, M. S., Jaafar, M. S., & Bauk,
S. (2014). Measuring Radon Concentration
Levels in Fertilizers Using CR-39
Detector. Advanced Materials
Research, 925, pp. 610-613.

8. Eisenbud, M., & Gesell, T. F.
(1997). Environmental Radioactivity from
Natural, Industrial & Military Sources:
From Natural, Industrial and Military
Sources, 3t Ed., Academic Press, New
York.

9. UNSCEAR, (1988). United Nations
Scientific Committee on the Effect of
Atomic Radiation Sources, Effects and
Risks of Tonizing Radiation. Report to the
General  Assembly, with  Scientific
Annexes, United Nations, New York.

10. Aswood, M. S., Jaafar, M. S., &

Bauk, S. (2013). Assessment of
Radionuclide Transfer from Soil to
Vegetables in Farms from Cameron

Highlands and Penang,(Malaysia) Using
Neutron  Activation  Analysis. Applied
Physics Research, 5(5), pp. 85- 92.

11. TAEA, International Atomic Energy
Agency, (1990). The Environmental
behavior of Radium. Technical Report
Series No. 310, Vienna, Austria.

12. Guimond, R. J., & Hardin, J. M.
(1989). Radioactivity released from
phosphate containing fertilizers and from
gypsum. Radiation Physics and Chemistry,
34, pp. 309.



Al-Qadigiyha Journal For Science

Vol.20 No.%4 Vear 2015

13. Ogunleye, P. O., Mayaki, M. C., &
Amapu, L. Y. (2002). Radioactivity and
heavy metal composition of Nigerian
phosphate rocks: possible environmental
implications. Journal of Environmental
Radioactivity, 62(1), pp. 39-48.

14. TAEA, International Atomic Energy
Agency, (1989). Measurement of
Radionuclides in Food and Environmental
Samples. Technical Report Series No. 295
Vienna, Austria.

15. Attix, F. H. (1986). Introduction to
radiological  physics and radiation

dosimetry. John Wiley & Sons, Inc. New
York, USA.

16. El-Taher, A., 2010. Elemental analysis
of two Egyptian phosphate rock mines by
instrumental neutron activation analysis
and atomic absorption spectrometry,
Applied Radiation and Isotopes, 68, pp.
511-515.

17. Knoll, F., (2000). Radiation Detection
and Measurements, 3™ Ed., New York:
John Wiley & Sons, Inc. ISBN: 0-471-
07338-5.

18. Mehra, R., Singh, S., Singh, K., &
Sonkawade, R. (2007). **°Ra, ***Th and
K analysis in soil samples from some
areas of Malwa region, Punjab, India using
gamma ray spectrometry. Environmental
Monitoring and Assessment 134(1-3), pp.
333-342.

19. Ahmed, N. K., & El-Arabi, A. G. M.
(2005). Natural radioactivity in farm soil
and  phosphate fertilizer and its

87

environmental —implications in  Qena
governorate, Upper Egypt. Journal of
Environmental Radioactivity, 84(1), pp.
51-64.

20. Righi, S., Lucialli, P., & Bruzzi, L.
(2005). Health and environmental impacts
of a fertilizer plant- Part I: Assessment of
radioactive pollution. Journal of
Environmental Radioactivity, 82(2), pp.
167-182.

21. Khan, K., Khan, H. M., Tufail, M.,
Khatibeh, A. J. A. H., & Ahmad, N.
(1998). Radiometric analysis of Hazara
phosphate rock and fertilizers in Pakistan.
Journal of Environmental
Radioactivity, 38(1), pp. 77-84.

22. Chauhan, P., Chauhan, R. P., &
Gupta, M. (2013). Estimation of naturally
occurring radionuclides in fertilizers using

gamma spectrometry and elemental
analysis by XRF and XRD
techniques. Microchemical Journal, 106,
pp. 73-78.

23. Abbady, A. (2005). Assessment of the
natural radioactivity and its radiological
hazards in some Egyptian rock
phosphates. Indian Journal of Pure and

Applied Physics, 43(7), pp.489-493.

24. El-Taher, A., & Althoyaib, S. S.
(2012). Natural radioactivity levels and
heavy metals in chemical and organic
fertilizers used in Kingdom of Saudi
Arabia. Applied Radiation and
Isotopes, 70(1), pp. 290-295.



Al-Qadigiyha Journal For Science Vol.20 No.%4 Vear 2015

Lals Lﬂ,\h M ?'lds:lul-'l ‘jbl-“ gﬂ ddany) Esugé‘e‘gg‘]ﬂbeﬁwl Cﬂ-\ﬂjwl—ﬁ

2015\12128: Jolll g5 2015\9\11 : adia) f

d ) SLE g"'ﬂi)‘
Gl = Al — Apaaldl) daaly — A il A0S el jdl) ad

murtadhababylon@gmail.com tJaaty)

G g e ) s ol e 5 0yl A D S _

S5 e LS Al G Gl aadid (HPGe ) 56 ppdland G2 30y s o

402.53 - e d 5 II8-ust SN 5908 aslllly D10 salomdly P14 —Eisadl 210 aliasd
LAl e axS /0% 42.84 - 3.53 5 151.50 - 1.26, 67.62 — 1.12, 343.11- 2.50 ,17.09
s 14.31 5 piS J1S5 6939 oIS snaal 3232 — pplllly 238 — gyl il pude 165

Lds palie 385 0 gy aipnd b hdle )piia be e lgle Jantiad il o S50 o i

S 8astal aU jalal) e 35 dial p Baondl) dal (o B 520Y) 3230 o0yl 238 ol

) 8y gudl 3pon) e fall pualid 5 o Liad 3,550 plad] _

el a8 gl o), LalS Al Cida s altial) ClalS)

Physics classification : QC770-798

88



