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Objectives

• The utilization of low grade phosphates rocks (un-economically grade) for the 
production of phosphate salts (Di-calcium phosphate) in order to add value 
to the phosphate industry and minimize the waste generated from phosphate 
mining process.

• Estimation the activity concentration of radionuclides 238 U, 226Ra, 232Th, 
and 40K in El-Sebeaya low grade phosphate rock, DCP, and the leaching 
residue after dissolution by hydrochloric acid. 

• Evaluation the radiological indices and their radiological effects on the public 
and associated environment. 



Importance of  phosphate rock

➢ Phosphate rock is essential for 

food production and modern 

agriculture.

➢ Demand growing: population 

(expected to reach 9.7 billion by 

2050) & bio fuels.
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Phosphorus peak

❑ The reserves of  phosphorus will be depleted 

sooner or later. Some authors argue that the 

‘phosphorus peak’ will happen in 2030, while 

others says that it won’t happen before 2100.

❑ High Quality Reserves Depleting in Certain 

Regions, Prices Have Risen

❑ The low grade/waste phosphate rock need to be 

developed.

❑ New technology can make additional resources 

available. 



New approach for the development of  the low grade phosphate

❑ The production of  phosphate salt (Di-calcium 

phosphate) from low grade / waste phosphate rock.

❑ This approach is considered as simple and cost 

effective process for the development of  

uneconomically phosphate resources.

❑ Based on this process, phosphate rock is converted to 

phosphate salts (Di-calcium phosphate) through the 

following steps;

✓ Leaching using hydrochloric acid.

✓ Solid/ liquid separation.

✓ Precipitation using calcium salt.

❑ This approach has been applied for El-Sebaeya low 

grade phosphate rock.



Chemical analysis of El-Sebaeya low grade 
phosphate ore, DCP, and leaching residue

P2O5 17.3 42 0.5

CaO 35.3 23 18.4

Fe2O3 2.5 1.5 2.4

F 2.8 0.17 0.6

SiO2 32.8 0.03 0.9

MnO 0.19 0.01 0.1

Cd 2.4 < 2 1.3

As 6.1 2.4 9.3

Pb 12.2 1.4 13.3

Cu 0.6 < 1 0.7

Zn 149 3.5 0.7

Phosphate 

rock
DCP

Leaching 

residue

Constituent, %

Constituent, mg/ kg



➢ IAEA Reported that phosphate rocks maintain various 
amount of natural occurring radioactive materials (NORM); 
uranium, thorium, their decay products and potassium. 

➢ Processing of phosphate ores redistribute those radionuclides 
among the various products, by-products and wastes of the 
phosphate industry. Effluent discharges into the 
environment as well as the use of phosphate fertilizers in  
agriculture will risk contaminating the air with radon gas 
(radioactive), and groundwater, affecting farmers and the 
wider population.

➢ There is little information regards to the redistribution of the 
radionuclides during the dissolution of phosphate rock using 
hydrochloric acid.

What about the environment?



Radiometric Investigation:

❑ Three samples were introduced to the radiometric 

investigation; (1) A representative sample of  El-Sebaeya

low grade phosphate rock, (2) Di-calcium phosphate 

(DCP) sample, and (3) Phosphate leaching residue 

sample.

❑ For gamma-ray spectrometry, each sample was transferred 

to a plastic container of  250 cc capacity and sealed for 

About four weeks.

❑ Radionuclide concentrations of 226Ra, 232Th, and 40K

were measured using Multi-Channel Analyzer (MCA) of  

gamma ray spectrometer.



I. Specific activities of  226Ra, 238U, 232Th, and 40K

The specific activities of  226Ra, 238U, 

232Th, and 40K in El-Sebeaya phosphate 

rock, DCP and leaching residue samples 

are within the range of  the worldwide 

values of  radionuclide concentrations in 

phosphate rock and fertilizers. 

Radiometric 

measurements:



II. Dose assessment and Radiological effects

1) Radium Equivalent Activity (Raeq)

El-Sebeaya phosphate rock, DCP, and leaching 

residue samples showed smaller radium 

equivalent activities than the recommended 

world values. This means that γ-ray dose for 

these samples will be below 1.5 mSv/ y. 

Radium equivalent concentration was calculated
based on the estimation that 370 Bq kg-1 of
226Ra, 259 Bq kg-1 of 232Th and 4810 Bq kg-1 of
40K produce the equivalent gamma dose.



II. Dose assessment and Radiological effects

2) The external and internal hazard index 

(Hex & Hin)

The external and internal hazard index for El-Sebeaya 

phosphate rock, DCP, and  leaching residue samples are 

acceptable in compared with the international world 

limits, except the internal hazard index for the leaching 

residue sample is greater than the recommended 

worldwide value. This means that γ-ray dose for PR and 

DCP samples will be below 1.5 mSv/ y.



3) Radioactivity level index (Iγ)

The radioactivity level indexes (Iγ) for El-

Sebeaya phosphate rock, and the leaching 

residue are higher than the worldwide limit. 

On the other hand, (Iγ) for DCP sample is 

acceptable in regards to the worldwide limit. 

II. Dose assessment and Radiological effects



4) Gamma-absorbed dose rate (D)

The absorbed dose for the DCP sample is 

acceptable in compared with the worldwide 

limit. On the other hand, phosphate rock 

and the leaching residue samples are higher 

than the world dose rate limit. This means 

that phosphate rock and leaching residue 

samples should be treated under radiation 

protection precautions.

II. Dose assessment and Radiological effects



5) Annual effective dose equivalent, AEDE

The results of  outdoor and indoor effective 

dose for El-Sebeaya phosphate rock DCP, and 

the leaching residue samples were within the 

corresponding worldwide values. 
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II. Dose assessment and Radiological effects



Conclusion
• The utilization of El-Sebeaya low grade phosphate rock for the production of Di-calcium 

phosphate salts has been successfully achieved. 

• The low grade phosphate rock and DCP samples have a normal level of natural background 
where these values are within the world permissible limits. This means that the El-Sebeaya low 
grade phosphate rock and DCP are acceptable for use as agriculture fertilizers.

• The leaching residue shows a high values for Radium Equivalent Activity, the external-internal 
hazard index, the gamma absorbed dose rate and the exposure rate which means that this residue 
should be under radiation protection precautions before discharge into the environment.

• The leaching of the phosphate rock using hydrochloric acid redistribute the radionuclides 
concentrations of 238 U, 226Ra, 232Th, and 40K unsymmetrically between the various products; the 
leach liquor (liquid phase) and phosphate leaching residue (solid phase) which leads to the 
variation of the radiation hazard indices factors for the phosphate rock, DCP, and leaching 
residue samples. 
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