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Abstract

This study was carried out to determine the concentration of radium
- 226 in rock phosphate (Used as low cost fertilizer), soil and plant. Two
types of rock phosphates were examined, namely, Uro and Kurun area
in the Nuba mountains located in the western part of the Sudan. The
work indued the determination of 22^Ra levels in soil after applying
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different concentration of rock phosphate in pot experiments. The
plant used was Abu Sabien a sorghum which used for the animal feed.
226Ra measurement was carried out using gamma spectroscopy. The
concentration of 226Ra in the soil using 20 g/pot (1000 Kq/fed. of rock
phosphate was found to be 88 and 104 Bg/Kg for Uro and 45 and 72
Bg/Kg for Kurun for seasononeandthree respectively. As for the plant
the concentration was found to be 1.2 and 1.4 Bq/Kg for Uro and 0.4
and 0.6 Bq/Kg for Kurun for the first and third seasons respectively.
The transfer factor of 226Ra from soil to plant was estimated to be (
0.01 ). The concentration of 226Ra in the plant was found to be below
the recommended values of contamination.

1. Introduction

Fertilizers are very important in the daily live for the agricultural
community and phosphorus is an important macronutrient for living
matter in these fertilizers. It occurs in nature almost entirely as
phosphate deposits in both organic and inorganic forms. It is found in
rockphosphate which contains many types of minerals. The rock
phosphate deposits are areas of high natural radioactivity. Also the NPK
which is used as fertilizer contain radioactive elements. This is why the
phosphorus constituents contribute towards most of the radioactivity
associated with radium in soil. Although the solubility of the rock
phosphate is not that much,"but it is used as low cost fertilizer especially
in the developed countries will increase the radioactivity levels in the
environment [1 -7].

Considering the rock phosphate in Sudan, a feasibility study was
carried out by the UNEP [8] to investigate the quality of the rock
phosphate found in the Nuba mountains and their results indicated
promising performance of these rock phosphates to be used as fertilizer.
Several mineral occurrences were reported in Uro and Kurun areas
including uranium phosphates [9,10,11,12].

In Sudan, an environmental monitoring program was initiated
recently measure the natural radioactivity level in soil, food and water.
This results reported some places of high level of natural radioactivity
more than 50 cps [11]. Mukhtar concluded that the level of natural
radioactivity background at Miri area was in the range of 3 - 11 times
the normal one [13].Hassan reported that the highest counts reached in
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Nuba mountains was about 6000 cps where in some places was elevated
slightly from the normal levels [1 Oj. More studies was carried out by
Nour and Saam [14,15].

The mean concentration of P205 measured, was 26% in Kurun and
21% in Uro [161. These levels were reasonable according to literature
and justify the use of such rocks as fertilizers. Research findings by
many scientists in Sudan have now established the response of many
commercial and food crops to phosphate fertilizers in both irrigated and
rain fed agriculture [1 71. According to the FAO year book of fertilizers
[1 81, the Sudan consumes considerable amounts of phosphate fertilizers
and these amounts are increasing every year because of the continued
expansion in agriculture.

2. Methodology

The aim of this study is to determine the level of the 225Ra in the
following:

1 - Rock phosphates.

2 - Soil after using rock phosphate as low cost fertilizer.

3 - Plant ( sorghum ) used for the animal feed.

Two types of rock phosphates were collected from Nuba mountains
area namely from Jabal Kurun and Uro Hill . The rock phosphate
samples were ground at the Geological Research Corporation,
Khartoum, to pass 100% through 1.0 mm sieve as initial grinding. Then
the rock samples were ground to pass three mesh sizes ( 1.0, 0.1 and
0.01 mm ). From the solubility test, the finest particles (0.01 mm) were
used for this study. Each rock phosphate type was applied at four levels
namely (0, 2, 10 and 20 g/pot) and each pot was filled with 4Kg soil.
Also different additives were added [16].

Pot experiments for three different seasons were carried out at the
University of Khartoum, Faculty of Agriculture, Green House, Shambat.
The tested crop was forage Sorghum bicolor (Abu sabien). Surface
samples of Shambat soil (0-30) cm were used in the experiments.
Certified seeds of Sorghum were obtained from the Faculty of
Agriculture, Department of Agronomy.The level of 2 2 6Ra for the
samples was measured by the low level counting gamma spectrometric
system using gamma spectrometer consists of the following :
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1- Pure coaxial germanium detector with 12% relative efficiency
and 1.8 KeV FWHM for 1173.2 KeV of 60Co.

2- Electronic package system for pulse processing.

3- An IBM compatible HCS microcomputer analyzer, data display
and storage system.

4- GDR and GP1 WORKSHEET softwares for data analysis.

An accurate weight of each sample was weighed in a Memelli
beaker which was made specially to be loaded in the gamma detector.
The sample was then sealed for three weeks to maintain secular
equilibrium. Energy, efficiency and shape calibration were done using a
standard of multi radionuclides in one kg marnelli sealed beaker. The
acquisition time per spectrum was ranging from 4000 to 6000 seconds.

3. Results and Discussions

Data in table (1) showed the concentration of radionuclides for
Uroand Kurun rock phosphates. It was observed that Uro area has
higher radioactivity than Kurun. Tables (2) and (3) represent the mean
values of 226Ra concentration in the soil as resulted from the previous
application of Uro and Kurun rock types for season one and three,
respectively. Although the higher concentration of the estimated 226Ra
was not that significant in season three but it might be due to the
residual effect. Urotreated soil always showed the highest concentration
when compared with that of Kurun

For season one 226Ra increased from 2.0 Bq/Kg in the control to 45
and 88 Bq/Kg in the soil treated with 20 g/pot of Kurun and Uro rocks
respectively. The average concentration of 226Ra in Sudan soils was
about 2 - 2 2 Bq/Kg which was considered as a normal level as quoted in
UNSCEAR ( 1988 ). The 226Ra concentration in the soil receiving the
higher level of Uro and Kurun rock fertilizer (20 g/pot ) was found to
be 3 - 5 times the normal one. Soil detection of accumulated
radionuclides after one cropping season and after two successive seasons
revealed that the radionuclides concentration in the soil treated by Uro
and Kurun rock phosphate increased significantly with concentration of
the applied rock. Considering the results in Table (4) of 226Ra for the
plant grown in pots for the three different seasons which received the
highest level of Uro and Kurun rocks (20 g/pot), Uro rock gave
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significantly higher concentrations than Kurun one, except for 40K
where the difference was insignificant. The concentration of the
radionuclides for sorghum in season two was less than that of both
seasons one and three. There was no justification for that but for season
three although the difference was not that significant but the higher
concentration might be due to the residual effect.The low values of the
transfer factor of 226Ra from soil to the nourished sorghum calculated
for Uro and Kurun for both seasons one and three is found to be 0.01.
Considering this factor, it is clear that H is of low value which can not
prevent the use of local rock phosphate in fertilizing food and fodder
crops, on the other hand the residual radioactivity measured after season
three (72 and 104 Bq/Kg) showed no difference when compared with
that of 226Ra, in soil from an area of high background " Miri area " (50
-200 Bq/Kg) Mokhtar [131].

Table (1): Specific activity in rock phosphate from Uro and
Kurun areas in ( Bq/g ).

Radio
nuclides

238TJ

234 T h

226 R a

2 1 4pb
214Bi

4 0 K

Rock samples
Uro 1

1.97
1.55
1.98
1.86
1.62
—

Uro 2

1.07
0.89
0.89
0,94
0.77
0.14

Ku 1

0.74
0.58
0.74
0.73
0.63
0.04

Ku2

0.85
0.63
0.86
0 79
0.64
0.05

Ku3

0.83
0.64
0.86
0 79
0.68
0.06

Note : Ku for Kurun
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Table (2): Specific activity in the soil season ( I ) .

Rock
type

Uro

Kurun

Rock
level

(g/pot)
00

02

10

20

02

10

20

<

226R a

03

09

47

88

05

27

45

Specific activity

2l4P b

02

08

51

79

04

19

37

in ( Bq/Kg )

214Bi

01

07

43

81

06

23

48

4 0 K

070

135

239

399

154

092

250

Table (3): Specific activity in the soil for season (111).

Rock
type

Uro

Kurun

Rock
level

(g/pot)
00

02

10

20

02

10

20

Specific activity in ( Bq/Kg )

226R a

02

1 1

54

104

06

37

72

214pb

02

08

53

115

05

29

64

214Bi

02

09

63

135

07

29

60

4 0 K

260

298

314

313

261

292

295
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Table (4): Specific activity in sorghum for the three seasons in
(Bq/Kg ).

Season
s

season
I

season
11

season
111

Rock
Type

Uro
Kurun

Uro
Kurun

Uro
Kurun

2 2 6Ra

1.2
0.4

0.9
0.3

1.4
0.6

214p b

0.9
0.5
0.8
0.2
1.6
04

214Bi

1.0
0.4
0.7
0.3
1.2
05

4 0 K

08.7
08.7
09.0
07.5
16.5
09.5
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