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Abstract 

Environmental monitoring for radioactivity is very important in view of radiation protection and environmental security. 

Hence, an investigation has been performed to quantify radioactivity level in some non
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Introduction  

Human beings and other organisms are continually exposed to 
natural radiation caused by the radioactive elements which are 
found in food, feed, and drinking water1-3. In addition, they 
receive the radiation from anthropogenic radionuclide that 
might be released to the environment as result of normal and 
abnormal practice4. Contamination of animal products (meat, 
milk) takes place by contaminated pasture5. Aquatic group and 
fishes are polluted directly as a consequence of radioactivity in 
surface water6.  
 
There are a number of  nuclear accidents led to the spread of 
anthropogenic radionuclides in the environment, leading to 
possible health risks and disturbance of the global food market: 
above ground atomic bomb tests in the 1950s and 1960s, the 
Chernobyl disaster in 1986 and the Fukushima disaster in 2011
9. Following an investigation after the Chernobyl event, the 
International Atomic Energy Agency determined which 
radioactive elements released through nuclear events may be 
considerable for the food chain10. According to literature survey 
about 3.8 × 1016 Bq of 137Cs was   released into the 
environment due to Chernobyl disaster11. Nowa
countries around the world have continuous radioactivity 
monitoring programs for the purpose of radiation protection and 
public health care with emphasize on radioactivity in food stuff, 
soil and other industrial product12-17. This work is
nationwide programme to quantify radioactivity with the aim of 
building up abroad database on radioactivity level in imported 
materials. 
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Environmental monitoring for radioactivity is very important in view of radiation protection and environmental security. 

Hence, an investigation has been performed to quantify radioactivity level in some non-food items imported to Sudan. 
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countries around the world have continuous radioactivity 
monitoring programs for the purpose of radiation protection and 
public health care with emphasize on radioactivity in food stuff, 

. This work is part of 
nationwide programme to quantify radioactivity with the aim of 
building up abroad database on radioactivity level in imported 

Materials and Methods 

Samples collection: A total of 43 non
materials, powdered materials, fertilizers and 
collected from the customs and transported in plastic bags to the 
radiation protection and nuclear security laboratory at Khartoum 
airport for preparation and radioactivity measurement. The 
Samples were measured without furthe
 
Gamma spectroscopic analysis: The activities of 
40K, 226Ra and 60Co were determined by gamma
spectrometric measurements for 6 hours. The measurements 
were conducted using HPGe detector (Ortec
energy resolution 1.8 keV at 1332.5 keV). Energy and 
efficiency calibration of the system has been performed using as 
a set of standards obtained from International Atomic Energy 
Agency (IAEA). The spectral analysis was performed with the 
aid of computer software maestro software obtained from Ortec. 
226Ra was determined via energy line of
and 214Pb (352 keV), while the activity of
via energy line of 1332 kev. The activities of
137Cs were determined from its energy lines o
661 keV, respectively. 
 

Results and Discussion  

A total of 43 different types of some non
this study to quantify radioactivity concentration. The survey 
has resulted in detection of radionuclides 
and 60Co as shown in the Table-1. Descriptive statistics of the 
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A total of 43 non-food samples (raw 
ertilizers and miscells) were 

collected from the customs and transported in plastic bags to the 
radiation protection and nuclear security laboratory at Khartoum 
airport for preparation and radioactivity measurement. The 
Samples were measured without further treatment. 

The activities of 134Cs, 137Cs, 
Co were determined by gamma-ray 

spectrometric measurements for 6 hours. The measurements 
were conducted using HPGe detector (Ortec-efficiency 40%, 

n 1.8 keV at 1332.5 keV). Energy and 
efficiency calibration of the system has been performed using as 
a set of standards obtained from International Atomic Energy 

(IAEA). The spectral analysis was performed with the 
software obtained from Ortec. 

226Ra was determined via energy line of 214Bi (609 keV) 
keV), while the activity of 60Co was determined 

energy line of 1332 kev. The activities of 40K, 134Cs and 
137Cs were determined from its energy lines of 1460, 604 and 

A total of 43 different types of some non-food were analyzed in 
this study to quantify radioactivity concentration. The survey 
has resulted in detection of radionuclides 134Cs, 137Cs, 40K, 226Ra 

1. Descriptive statistics of the 
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investigated radionuclides 134Cs, 137Cs, 40K, 226Ra and 60Co 
activity concentration in Bq/kg are presented in Table-2. 
 
Figure-1 present the 134Cs activity concentration in the 
investigated samples, 134Cs was detected in 40 samples out of 
43, and was found in a range of 00.08–0.45 Bq/kg with a 
median value of 0.38 Bq/kg. 137Cs was detected in all analyzed 
samples as shown in Figure-1 and ranged from 0.07 – 54.00 
mg/kg and with a median value of 0.45 Bq/kg. Generally, there 
was a huge release of artificial radionuclides 134Cs and 137Cs to 
the atmosphere during the Chernobyl and the Fukushima 
disaster due to fallout activity18-19, 40K was found in all samples 
with range of 125.12– 10580.10 Bq/kg and the median value of 
7005.55 Bq/kg as shown in Figure-3. 60Co was detected in 5 

samples out of 43, on the other hand, 226Ra was measured in 3 
samples out of 43 as presents in a Table-1. 60Co is a synthetic 
radioactive isotope of cobalt with a half-life of 5.2714 years. It 
is produced artificially in nuclear reactors20. The result of this 
investigation has revealed that some imported substances 
contain high activity concentration. However, the obtained 
result have shown that the 134Cs, 137Cs, 40K, 226Ra, and 60Co 
activity concentration were far below the limit proposed by 
CODEX. In the Sudan, there is no standard limit for 
radionuclides concentrations in some imported substances. 
There are some countries set local standards limit of the 
radioactivity level in imported substances22-23. Therefore, we 
need to set a national   standard limit of some radionuclide and 
bring under regulatory control. 
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134
Cs activity concentration in samples 



Research Journal of Recent Sciences ____________________________________________________________E-ISSN 2277-2502 

Vol. 5(12), 10-16, December (2016) Res. J. Recent Sci. 

 International Science Community Association          12 

Table-1 

Activity concentration of 134Cs, 137Cs, 40K, 226Ra, and 60Co Bq/kg in non-food items 

Samples No 
134

Cs 
137

Cs 
40

K 
60

Co
 226

Ra 

1 0.30 9.12 5990.10 50.5 - 

2 0.31 8.90 5800.10 50.15 - 

3 0.35 8.29 5862.45 49.99 - 

4 0.45 8.01 4890.25 40.58 - 

5 0.45 7.50 1970.12 23.33 - 

6 0.20 0.25 8150.30 - - 

7 0.30 0.39 8100.03 - - 

8 0.35 0.35 7980.10 - - 

9 0.40 0.45 6050.50 - - 

10 0.45 0.45 2005.00 - - 

11 0.30 54.00 10580.10 - - 

12 0.25 50.25 10524.68 - - 

13 0.35 44.00 9862.50 - - 

14 0.40 42.54 9050.20 - - 

15 0.35 33.30 7070.10 - - 

16 0.42 0.30 7600.55 - - 

17 0.25 0.35 7672.94 - - 

18 0.45 0.35 7076.00 - - 

19 0.40 0.20 5060.50 - - 

20 0.44 0.37 3312.20 - - 

21 0.42 0.30 8100.20 - - 

22 0.20 0.45 8149.03 - - 

23 0.41 0.33 7005.55 - - 

24 0.09 0.20 6656.02 - - 

25 0.45 0.37 4050.00 - - 
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Samples No 
134

Cs 
137

Cs 
40

K 
60

Co
 226

Ra 

26 0.40 0.33 7110.00 - - 

27 0.25 0.40 7150.03 - - 

28 0.41 0.33 6090.90 - - 

29 0.08 0.20 4405.22 - - 

30 0.45 0.07 2200.10 - - 

31 0.45 0.43 7120.00 - - 

32 0.28 0.45 7150.03 - - 

33 0.41 0.33 6500.90 - - 

34 0.09 0.40 4005.22 - - 

35 0.45 0.07 3305.50 - - 

36 0.10 15.50 1008.11 - - 

37 0.40 15.00 9550.23 - - 

38 0.42 14.22 9161.89 - - 

39 0.35 13.85 8860.55 - - 

40 0.32 12.00 7560.16 - - 

41 - 13.92 233.34 - 37.04 

42 - 11.61 266.58 - 33.93 

43 - 4.64 125.12 - 3.50 

 
Table-2 

Descriptive statistics of 
134

Cs, 
137

Cs, 
40

K, 
226

Ra, and 
60

Co activity concentration of in Bq/kg in non-food items 

Descriptive 

statistics 
134

Cs 137
Cs 

40
K 

60
Co

 226
Ra 

Min 0.08 0.07 125.12 23.33 3.50 

Max 0.45 54.00 10580.10 50.50 37.04 

Average 0.34 8.72 6055.20 42.91 24.82 

Std 0.11 14.42 2821.79 14.02 16.92 

Median 0.38 0.45 7005.55 49.99 33.93 

Geometric mean 0.31 1.56 4640.50 41.28 16.38 
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Conclusion 

The result of this investigation has revealed that some imported 
substances contain high activity concentration. However, The 
values of 134Cs, 137Cs, 40K, 226Ra and 60Co in the obtained results 
were far below  the limit proposed by (CODEX).In the Sudan, 
there is no standard limit for  radionuclides in some imported 
substances. Therefore, we need to set a national standard limit 
for some radionuclide in imported substance and laying down 
under a legal framework. 
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