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Abstract: Determinations of specific activity concentrations for Uranium-238, Thorium-232 and
Potassium-40 in 10 commercial phosphate fertilizers samples from various countries (lraq, Iran,
Jordan, Kingdom of Saudi Arabia, Italy and Turkey) were accomplished by the use of high purity
germanium detector device. Radiation hazard indices [(Annual Effective Dose Equivalent) i,, (Annual
Effective Dose Equivalent) o, Equivalent Activity of Radium Dose Rate of Absorbed Gamma,
Activity Concentration Index = Internal and External Hazard Indices and (Excess Life Time Cancer
Risk) ou] were also investigated. The acquired outcomes were fewer than the advisable limits
identified by (UNSCEAR, 2000).
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1. Introduction [Ca3(PO4)2] 3.CaF2 +14 H3PO4
+10H20--->10Ca(H2PO4)2. H20 +

There are two Kkinds of phosphate SHE

fertilizer [1]:

The production of industrial minerals
such as phosphates includes production
stages that creates residues comprising
either the wuranium or the thorium
[Ca3(PO4)2] 3.CaF2 + 7H2SO4 ----- > radionuclides series or both of them,
3Ca(H2P0O4)2+ 7CaS04+ 2HF example of that the phosphogypsum
from the phosphate [2].

1.1- Single super phosphate (SSP),
which is made according to the
following formula:

This reaction is done by treating the

smoothly crushed phosphate rocks with The present work is concerned with the
the adequate quantity and concentration evaluation of the specific activity
of sulfuric acid. concentration of (***Th, 28U and “K)

and their associated hazard indices for
some selected commercial phosphate
fertilizers samples obtained mostly from

1.2- Triple super phosphate (TSP)
(Concentrated), which is made
according to the following formula:
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various countries by using a (HPGe)
detector device.

2. Materials and Method:
Samples collection and preparation

Ten commercial phosphate fertilizers
samples were chosen randomly from the
Iragi markets. These fertilizers samples
were made in different factories and
countries, three of them were made in
Irag and the other seven samples were
made in forging countries. Also these
samples were different in kind, i.e. some
of them were single super phosphate
(SSP) and some of them were triple
super phosphate (TSP) while the rest of
the samples were a mixed of the two
previous Kinds.

The samples were bruised to fine
squashed by an electrical quern. Samples
with 300 um grain size were secluded by
the use of a fine bolter. After that the
samples were kept in a 1-kg Marinelli
beaker. The beaker stored for 30 days
before the test so as to accomplish a
temporal balance between 28U and ?*?Th
with their dynasties.

The standardization of energy was
gained by using a principle source of
Marinelli beaker of ***Eu with energies
(964.0, 1408.0, 344.3, 411.1, 444.6,
778.9, 121.8, 1112.0, 1085.8 and 244.7
keV). Efficiency standardization of the
(HPGe) detector was gained by the use
of the same principle source of **?Eu.

Concentrations of the specific activity
for the radionuclides (A) in phosphate
fertilizers samples were concluded
through the relation [3]:

77

_ N-BG
T.Iy(Ey)-£(Ey)-M

Where:

A: represents the radioactive elements
specific activity.

N: area of the photo peak at energy (Ey).
B.G: net peak area of the background.
E(Ey): detector efficiency.

Iy (Ey): abundance.

M: mass of the sample (kg).

T: duration of test procedure (7200 s).

A 1)

3. Indices of Radiation Hazard:

3.1- Equivalent Activity of Radium
(Raeq) [3,4,5]

Raeq = 0.077 A+ Au+ 143 Aty (2)

Where Ay, Ay and A are
concentrations of the specific activity for
YK, 28U and ***Th respectively in
(Bg/kg) units.

3.2- Dose Rate of Absorbed Gamma
(DY) [5,6]

Dy = 0.0417 Ak + 0.604 At, + 0.462
Ay 3)

3.3- The Annual
Equivalent (AED in, AEDo) [4,7,8]

Effective Dose

(AEDE) i, = Dy (nGy’h) x0.80 x (0.7
Sv/Gy) x 8760 h/y x 10°® (4)

(AEDE) o= Dy (nGy/h) x0.20 x (0.7
Sv/Gy) x 8760 h/y x 10°® (5)

3.4- Internal and External Hazard
Indices (Hin, Hex) [4,5,7,9]
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) AK ATh A\J <1

" 4810 259 185 (6)
A A A

* 4810 259 370 )

3.5- Activity Concentration Index (ly)
[5,7,10]

Ac  Pn A
'~ 3000 " 200 * 300 (8)

3.6- Excess Lifetime Cancer Risk
(ELCR)

(ELCR) handles with the prospect of
having cancer over a lifetime at a given
radiation exposure level. We have
attempted to determine it using the
following relation [11.12,13]:

ELCR = AEDE x DL x RF 9)
(AEDE)o: were adopted for the
calculation, (DL) is the average duration
of life (70 years) and (RF) is the risk
factor (Sv/Y), i.e. fatal cancer risk per
Sievert. For stochastic effects, ICRP
(International Committee on
Radiological Protection) uses (RF) as
0.05 Sv! for the public exposure
[11,12,13].

4. Results and Conclusions

Table (1) includes the outcomes of the
present test. It is clear that the specific
activity of (**®U) was diversified from
(13.42 Bg/kg) (Jordan-lorigin) to (33.56
Ba/kg) (Turkey-2 origin), with a mean
value of (24.936+5.357 Bg/kg), which is
fewer than the advisable value (35
Ba/kg) identified by (UNSCEAR, 2000),
see Figure (2).
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Specific activity of (**Th) was
diversified from (18.25 Bq/kg) (Turkey-
1 origin) to (33.12 Bag/kg) (Turkey-2
origin), with a mean value of
(25.986+4.217 Bg/kg), which is fewer
than the advisable value (30 Bg/kQg)
identified by (UNSCEAR, 2000), see
Figure (1).

Specific activity of (*K) was
diversified from (135.53Bqg/kg) (Turkey-
1 origin) to (241.84 Bg/kg) (Irag-3
origin), with a mean value of
(191.146+35.298 Bg/kg), which is fewer
than the advisable value (400 Bq/kg)
identified by (UNSCEAR, 2000), see
Figure (1).

Radium equivalent activity (Raeq) was
diversified from (56.343Bqg/kg) (Turkey-
1 origin) to (98.066 Bg/kg) (Turkey-2
origin), with a mean value of
(76.8142+13.237 Bqg/kg), which is fewer
than the advisable value (370 Bq/kg)
identified by (UNSCEAR, 2000), see
Figure (2).

Absorbed dose rate (Dy) was
diversified from (25.827 nGy/h)
(Turkey-1 origin) to (44.794 nGy/h)
(Turkey-2 origin), with a mean value of
(35.1868+6.023 nGy/h), which is fewer
than the advisable value (55 nGy/h)
identified by (UNSCEAR, 2000), see
Figure (2).

The (AED)in was diversified from
(0.127 mSvly) (Turkey-1 origin) to (0.22
mSv/y) (Turkey-2 origin), with a mean
value of (0.1728+0.02956 mSv/y), which
is fewer than the advisable value (1
mSv/y) identified by (UNSCEAR,
2000), see Figure (3).
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(AED)out was diversified from (0.032
mSv/y) (Turkey-1 origin) to (0.055
mSv/y) (Turkey-2 origin), with a mean
value of (0.0431+0.00752 mSvl/y), which
is fewer than the advisable value (1
mSvly) identified by (UNSCEAR,
2000), see Figure (3).

Activity concentration index (ly) was
diversified from (0.405) (Turkey-1
origin) to (0.703) (Turkey-2 origin), with
a mean value of (0.5536+0.09392),
which is fewer than the advisable value
of (1) identified by (UNSCEAR, 2000),
see Figure (4).

The internal hazard Index (Hin) was
diversified from (0.206) (Turkey-1
origin) to (0.356) (Turkey-2 origin), with
a mean value of (0.2749+0.05028),
which is fewer than the advisable value
(1) identified by (UNSCEAR, 2000), see
Figure (4).

The external hazard Index (Hex) was
diversified from (0.152) (Turkey-1
origin) to (0.265) (Turkey-2 origin), with
a mean value of (0.2075+0.0358), which
is fewer than the advisable value (1)
identified by (UNSCEAR, 2000), see
Figure (4).

Values of excess lifetime cancer risk
were diversified from (0.113x107%)
(Turkey-1 origin) to (0.193x10%%)
(Turkey-2 origin), with a mean value of
(0.152+0.0264) x10° which is fewer
than the advisable value of (0.29 x10°®)
[11.12.13], see Figure (5).

5. Conclusions

Obtained results of the present work
regarding values of the specific activity
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for (**®U, %*Th and “°K) and indices of
radiation hazards [(AED) in ,(AED) out
,Raeq ,Dy , ELCR, Iy, Hinand Hex],
were fewer than the allowed limits, and
there is no real health risk when using
the phosphate fertilizers samples chosen
in the present work.
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Fig.(1): specific activity of (“°U, “*“Th and "'K) for all phosphate fertilizers samples.
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Fig.(2): equivalent activity of radium and dose rate of absorbed gamma for all phosphate fertilizers samples.
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Fig.(3): annual effective dose equivalents (indoor and outdoor ) for all phosphate fertilizers samples.
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Fig. (4): index of activity gamma, internal and external hazard index for all phosphate fertilizers samples.
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Fig. (5): Excess lifetime cancer risk for all phosphate fertilizers samples.
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Table (1): outcomes of the present work for all phosphate fertilizers samples.

(AED)

q (mSvly)
Eﬂ?uiifer Origin U U N Rag Dy ELCR
Ba/Ki Ba/Ki Ba/K Ba/Kg)fl| (nGy/h ¢
(Ba/kg) i (Ba/kg) fi  (Ba/Kg)fl (Ba/Kg) i (nGyrh) ey || aEDw Iy H, H,. 103

154.540 68.399

ingdom of
Saudi
Arabia

24.936+ 191.146+ J| 76.8142+ §| 35.1868+ 0.0431+0.0
5.357 35.298 13.237 6.023 0752

worldwide average
[14]

Where:

M.F: mixed fertilizer.

T.S.P: triple super phosphate fertilizer.
S.S.P: single super phosphate fertilizer.

82



MJPS, VOL.(8), NO.(2), 2021

REFERENCES

Nooreldeen Shawqi Ali, Fertilizers
Technology and Uses, 2007.

. Technical Reports Series No. 476, 2014,
The Environmental Behavior of Radium:
Revised Edition, International Atomic

Energy Agency, Vienna.

Dia H.M., Nouh S.A., Hamdy A. and
EL-Fiki S.A., 2008, Evaluation of
Natural Radioactivity in a Cultivated
Area around A Fertilizer Factory,
Nuclear and Radiation Physics, 3(1),53-
62 .
. E. Saadi, F. Benrachi and M. De Jesus,
2019, Measurement of  Natural
Radioactivity in Some Commercial
Marble Samples Used in Algeria, ALKU
Fen Bilimleri Dergisi, Special Issue,
155-160.
. E.S. Joel, O. Maxwell, O.0. Adewoyin,
O. C. Olawole, T. E. Arijaje, Z. Embong
and M. A. Saeed, 2019, Investigation of
natural  environmental  radioactivity
concentration in soil of coastaline area of
Ado-Odo/Ota Nigeria and its
radiological ~ implications,  Scientific
Reports, 9, Article number: 4219.
Nashwan Shawkat, 2000, Radioactive
pollution and environmental sources in
the province of Nineveh. M.Sc. Thesis.
Wassit University, Iraq.
. Mohammad Abu Shayeb and Muzahir
Ali Baloch, 2019, Distribution of natural
radioactivity in soil and date palm-Pits
using high purity germanium radiation
detectors and LB-alpha/beta gas-flow

83

10.

11.

12.

13.

counter in Saudi Arabia, Nuclear
Engineering and Technology,
https://doi.org/10.1016/j.net.2019.12.009

El-Arabi A.M., 2005, Gamma activity in
some environmental samples in south
Egypt, Indian Journal of Pure & Applied
Physics, 43, 422-426.

Al-Taher A. and Makhluf S., 2010,
Natural radioactivity levels in phosphate
fertilizer and its  environmental
implications in assuit governorate, Upper
Egypt, Indian Journal of Pure & Applied
Physics, 48, 697-702.

Arman E., 2007, An Investigation on the
Natural Radioactivity of Building
Materials, Raw Materials and Interior
Coatings in Central Turkey, Brazilian
Journal of Medical Sciences, 37, 4,199-
203.

Taskin H., Karavus P., Ay A,
Hindiroglu S. and Karaham G., 2009,
Lifetime cancer risk due to gamma
radioactivity in  Kirklareli, Turkey,
Journal of Environmental Radioactivity,
100, 49-53.

Alghazaly SM, 2020, Appreciation
Excess Lifetime Cancer Risk in
Qadissiya Governorate of Iraq, La

Prensa Medica Argentina, 106, 2, DOI:
https://doi.org/10.47275/0032-745X-183
Vu, B.N., Bui, T.N., Huynh, P.T.N. et
al., 2020, Semi-experimental evaluation
for radon exhalation rate and excess
lifetime cancer risk from potential radon
exposure for using fly ash building
materials. J Radioanal Nucl Chem, 326,
975-981,
https://doi.org/10.1007/s10967-020-
07377-1



https://doi.org/10.47275/0032-745X-183

MJPS, VOL.(8), NO.(2), 2021

14. (UNSCEAR), 2000, United Nations
Scientific Committee on the Effects of
Atomic Radiation, Report to the General
Assembly. Anex B: Exposures from
Natural Radiation Sources, New York.

84



