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ABSTRACT 

      The Egypt Chemical factories (ECF); such as Talkha, Sues, Abo Qeyer, Kafe
Elzayat, and Assuit factories, produces and markets a range of phosphate base
fertilizers, including Simple Super Phosphate (SSP) fertilizer, Triple Supe
Phosphate (TSP) fertilizer and Urea. Phosphate fertilizers produced by ECF ar
derived from phosphate ore. In addition to phosphate minerals, these ores ca
contain significant amounts of a wide range of impurities, including heavy meta
and naturally occurring radionuclides. This study was carried out to determine th
content of radionuclides in fertilizer products produced by ECF and some organi
fertilizer (animal manure) includes cow, sheep and chicken fertilizer. In bot
samples (Chemical and organic fertilizers), the activity concentrations of Ra-226 ar
higher than those Th-232. The radioactivity of 226Ra in chemical fertilizers range
from 21.6± 3.6 to 111.2 ± 8.9 Bq kg-1, phosphate fertilizers TSP contained hig
contents of 226Ra. The average radioactivity of 226Ra in TSP was 79.3± 7.4 Bq kg-1, i
SSP 51.2 ± 5 Bq kg-1, and in Urea 35.1± 3.5 Bq kg-1. The activity of 232Th in th
different fertilizers ranged from 1.3 ± 1.1 to 9.9± 3.2 Bq kg-1,the highest activit
observed in SSP fertilizer. The activity of 40K was found to be great in the TS
fertilizer, which contained a mean activity 478.1± 21.3 Bq kg-1. With respect t
organic fertilizers the average radioactivity of 22Ra, 232Th and 40K are 40 ± 1.6 B
kg-1, 3.1± 1.2 and 427.1± 20 Bq kg-1. The data are discussed and compared wit
those given in the literatures. This study could be useful as baseline data fo
radiation exposure to fertilizers, and their impact on human health. 
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 INTRODUCTION 

     The Egypt Chemical Factories (ECF); produces and markets a range of phosphate F
products. Fertilizers produced at this facility are derived from phosphate ore. Products include
Super Phosphate (SSP) fertilizer, Triple Super Phosphate (TSP) fertilizer, as well as phospho
(H3PO4). While some fertilizer produced by ECF is used in Egypt, the little majority is
Phosphate ores contain phosphorous in mineral forms that are primarily calcium ph
(Ca3(PO4)2). Phosphate ores can be defined into two types, sedimentary and igneous. In additio
phosphate minerals, these ores can contain a wide range of impurities. The composition of the 
vary considerably with their origin, with sedimentary ores typically containing significantl
concentrations of impurities, include a range of heavy metals as well as naturally o
radionuclides (Cowart & Burnett 1994, Brigden et al. 

      The phosphate ores used by ECF in their production processes are sedimentary in origin.  
 The production of superphosphate fertilizers involves processes where the phosphate ore is
with acid. Simple super phosphate (SSP) fertilizers are produced using sulfuric acid
superphosphate (TSP) fertilizers are produced with the use of phosphoric acid, which is produc
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the phosphate ore in a separate process. The production of fertilizers through these processes r
the production of large quantities of solid waste, which is primarily calcium sulfate, commonly
as phosphogypsum. In the production processes, significant amounts of the impurities prese
ore can be transferred to the fertilizers and phosphoric acid produced. The remainder of the im
are present in various production wastestreams, mainly in the phosphogypsum solid waste (E
al. 1996).  
             
       A number of organic materials can be useful soil amendments and suppliers of nutrients
many are waste products, they can sometimes be cheaply available, especially if used near t
they are produced. Some farm wastes are used because recycling is the only, and moreover be
means of disposing of them. If waste material of any kind has to be bought in by the farmer, it
comparatively cheap and have no detrimental or toxic effect, and it must be profitable. N
mineral fertilizers have been developed to supplement soil nutrients and to meet the high requ
of crops.  
 
      They are generally mineral salts, except for some organic chemicals such as urea, which a
converted into salts. Animal manure is also a complete fertilizer but is low in nutrients. Manu
in nutrient content according to the animal source and what the animal has been eating. Co
available manures include cow, chicken, and sheep.   
                                                
      Activity mass concentration of natural radionuclides in phosphate fertilizers have been r
in UNSCEAR 1982 Report.  For a given radionuclide and type of fertilizer, the activi
concentrations vary markedly from one country to another, depending on the origin
components. General features are that the activity mass concentrations of 40K and of 232Th
decay products are always low and that the activity mass concentrations of the radionuclides
decay series are 5-50 times higher than in normal soil. Since the activity mass concentration
and 226Ra in phosphate fertilizers are several times higher than in normal soil, they cons
additional source of radiation exposure for workers and members of the public UNSCEAR (19
 
      The external gamma radiation attributable to fertilizer materials is only about 0.25% of th
unfertilized soil. New study shows that many fertilizers are radioactive, producing potentially
pot (EPA 1993). A recent study shows that many commonly used fertilizers are high in rad
elements EPA 1999.                                                                                                  
 

RADIONUCLIDES IMPACTS THROUGH FERTILIZER USE 
 

     The addition of phosphate fertilizers containing elevated levels of heavy metals and radio
to soils will result in the transfer of these contaminants to the soil. As many of these conta
accumulate in soil, continued application of fertilizer will result in accumulating concentra
these contaminants over time (Brigden et al. 2002). 
                      
      The application of fertilizers containing elevated levels of radionuclides has similarly bee
to cause many-fold accumulative increases in the levels of such radionuclides in treate
including Ra-226, a precursor to radon gas, Rn-222 (Ioannides et al. 1997). This accum
constitutes a source of technologically enhanced natural radiation, increasing the total exp
humans and other species from natural radionuclides. 
  
      Elevated levels of radionuclides present in fertilizers have also been found in urine, hair 
smear samples of humans using the fertilizers, which may constitute elevated risk of cancer (S
al. 1995). The uptake of radionuclides from soil into plants is highly complex and dependant 
factors including the plant species, soil conditions and the radionuclide soil concentrat
addition, concentrations of radionuclides taken up by plants can vary significantly between 
parts of the plant (Mortvedt, J.J. 1994). 
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      Dependant on the local conditions, studies have shown that elevated soil levels of radio
present in phosphate ores and fertilizers, including Ra-226, can result in elevated levels in
crops and other plants grown on the soil. In other cases, however, elevated levels of radio
have not been found in crops grown on such amended soils (Martinez-Aguirre et al. 1997, M
J.J. 1994). Radionuclides present in food crops are available for uptake by animals and 
though uptake, exposure and effects from these sources are highly complex. 
 
      Although dependant on many factors, elevated soil levels of the radionuclides present in ph
fertilizers, including Ra-226, can result in elevated levels in certain crops and other plants g
the soil. This may cause elevated radionuclide exposure to human and animal through inge
these crops. 

 EXPERIMENTAL 

    The study analysed 33 different types of fertilizers,10"organic" varieties and 23 "ch
fertilizers. The chemical fertilizer selected from the Egypt Chemical factories; Talkha, Su
Qeyer, Kafer Elzayat, and Assuit factories and the organic fertilizer (animal manure) includ
sheep and chicken fertilizer.                                                                                  
       
      The chemical fertilizer samples were collected from local markets. After collection, the 
were dried at about 1050 C in an oven to remove moisture and crushed to fine powder, and w
packed into cylindrical screw-cap plastic containers, sealed tightly and wrapped with thick vi
about their screw neck. The measurements were made 1 month later to assure secular equ
between the 238U and 232Th series and its daughters (Ibrahim and Pimpl 1994 and Abbady 2004
       
      The full-energy peak efficiency of radionuclides was measured using Co-60 (1173.2 and
keV ), Ba-133 (356.1 keV) and Cs-137 (661.9 keV). The detection and measurement
radionuclides in the fertilizer samples were carried out by gamma ray spectrometer using a 
detector 3 x 3 inch with a 1024-chanel computer analyzer.  
 
      The detector has a peak efficiency of 1.2 x10-2 at 1332.5 keV Co-60 and a resolution (FW
7.5  % keV for 662 keV. The samples were counted for 10 h. To reduce the gamma ray back
the detector was shielded by a cylindrical 2 cm thick pb shield with a fixed bottom and a
cover. The energy regions selected for the corresponding radionuclides were 351 keV of    Pb-
609 and1120.1 keV of Bi-214 for 226Ra, 238 keV of Pb-212 and 911.1 keV of      Ac-228 for 2
1460 keV for 40 K. Based on counting statistics the error on Ra, Th and K determination
generally from 5% to 10 %, being minimum for K and maximum  for Th.  
                                                                                                                                           

RESULTS AND DISCUSSION 

     The measured radioactivity concentrations of 226Ra, 232Th and 40K in different fertilizers ar
in Table (1). The radioactivity of 226Ra in chemical fertilizers ranged from 21.6± 3.6 to 111.2 ±
kg-1, phosphate fertilizers TSP contained high contents of 226Ra. Urea is produced from natu
nitrogen and water, the presence of 22Ra, 232Th and 40K may be due to impurities present in
materials. The average radioactivity of 226Ra in TSP was 79.3± 7.4 Bq kg-1, in SSP 51.2 ± 5 
and in Urea 35.1± 3.5 Bq kg-1. The activity of 232Th in the different fertilizers ranged from  1.3
9.9± 3.2 Bq kg-1,the highest activity observed in SSP fertilizer.  
      
      The activity of 40K was found to be great in the TSP fertilizer, which contained a mean
478.1± 21.3 Bq kg-1. With respect to natural fertilizers (cow, sheep and chicken fertilizer) the
radioactivity of 226Ra, 232Th and 40K are 40 ± 1.6 , 3.1± 1.2 and 427.1± 20 Bq kg-1. Fig.(1) de
the average activity of 226Ra, 232Th and 40K (Bq Kg-1) of different fertilizer types from Egypt. 
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Table (1) Activity concentration of Ra-226, Th-232 and K-40 (Bq/Kg) in chemical
and natural fertilizers. 

 
Activity Bq/Kg 

 
Sample 

No. 
 

Factory and 
Fertilizer type 

 Ra-226 Th-232 K-40 
1 Talkha (SSP) 87.5 ± 9.4 9.9 ± 3.2 237.8 ± 15.4 
2 Talkha (SSP) 58.4 ± 4.6 9.8 ±.1.7 661.1 ± 20 
3 Talkha (SSP) 86.8 ± 4.6 4.3 ± 1.7 399.1 ± 20 
4 Talkha (SSP) 21.6 ± 3.6 3.2 ± 1.5 462.6 ± 21.5 
5 Talkha (SSP) 51.5 ± 5.2 5.2  ± 2 440 ± 21 
6 Suez (SSP) 53.8 ± 3.6 8.1 ± 1.4 68.8 ± 8.3 
7 Suez (SSP) 41.8 ± 4.6 4.2 ± 1.6 253.4 ± 15.9 
8 Suez (SSP) 44 ± 5 1.8 ± 1.3 557 ± 23.6 
9 Suez (SSP) 27.5 ± 3.8 1.4 ± 1.1 53.5 ± 7.3 

10 Suez (SSP) 39.4 ± 5 1.7 ± 1.1 207.3 ± 14.4 
11 Kafer elzayat (TSP) 93.6 ± 8.5 3.1 ± 1.6 472.1 ± 21.7 
12 Kafer elzayat (TSP) 74.9 ± 7.7 3.9 ± 1.8 622.8 ± 25 
13 Kafer elzayat (TSP) 81 ± 7.6 6  ±.2.1 353.2 ±.18.8 
14 Kafer elzayat (TSP) 69.5 ±.6.7 1.5 ±.1.1 294.3 ±.17.2 
15 Kafer elzayat (TSP) 68.± 6.6 3.8 ± 1.6 142.9 ± 12 
16 Abo Qeyer (Urea) 11.8 ± 2.3 1.7 ± 3.9 505.3 ± 32.4 
17 Abo Qeayer (Urea) 52.4 ± 4.4 1.3 ± 1.1 108.5 ± 10.4 
18 Abo Qeyer (Urea) 44.2 ± 5 5.2 ± 1.9 124.2 ± 11.1 
19 Abo Qeyer (Urea) 31.9 ± 4 4.1 ± 1.6 311.6 ±17.7 
20 Assuit  (TSP) 106.3 ± 20 6.9 ± 2.4 763.3  ± 27.6 
21 Assuit  (TSP) 111.2 ± 8.9 4.9 ± 2.1 686.9  ± 26.2 
22 Assuit  (TSP) 90.4 ± 8.2 5.5 ± 1.2 567.9 ± 23.8 
23 Assuit  (TSP) 16.5 ± 4 2.2 ± 1.5 298.3 ± 17.3 
24 Cow fertilizer 22.6 ± 3.9 1.8 ± 1.2 157.1 ± 12 
25 Cow fertilizer 37.8 ±.4.3 3 ±1.4 529.7 ± 23 
26 Cow fertilizer 58.1 ± 5.8 7.5 ± 2.4 166.5 ± 13 
27 Cow fertilizer 21 ± 3.5 2  ± 1.2 349 ± 18.7 
28 Sheep fertilizer 48.5 ± 4.9 2.9 ± 1.5 556.9 ± 23.6 
29 Sheep fertilizer 48.9 ± 4.7 3.4 ± 1.5 498.6 ± 22.3 
30 Sheep fertilizer 28.8 ± 4 4.8  ± 1.8 490  ± 22.1 
31 Sheep fertilizer 51.7 ± 4.9 3.2 ± 1.5 596.3 ± 24.4 
32 Chicken  fertilizer 47 ± 4.8 2  ± 1.1 632.4 ± 25.1 
33 Chicken  fertilizer 34.7 ± 4.5 2  ± 1.2 258  ± 16.1 

 
       As a consequence of radionuclides being separated into different streams during the aci
process, the activity concentrations in the phosphate fertilizers depend on their type (E
Commission 2000). If e.g. the phosphoric acid alone is used as the source of phosphoru
production of ammonium phosphate fertilizers, the activity of  Ra-226 will be relatively low co
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to U-238. If phosphorus is supplied from both phosphoric acid and phosphate rocks (TSP), the
will exhibit higher concentration of both Ra-226 and U-238. In the production of normal 
superphosphate SSP, there are no chemical reaction by-products. The proportions of 
concentrations of natural radionuclides are preserved and characteristic for the phosphate ro
(UNSCEAR 1988). 
         A review of the worldwide data on natural radioactivity in phosphate rocks, products 
product in the UNSCEAR (1977) and UNSCEAR (1988) reports. The reports concentrations 
238U, 40K and 232Th for TSP fertilizer in Germany were 230, 800, 52 and 44 Bq kg-1, respectiv
 in the U.S.A these values were 780, 2100, 0 and 48 Bq kg-1 for the same radionulides. Th
quoted for the same in the former U.S.S.R. were 110, not report, 120 and 44 B

                                                           
 CONCLUSION 

 The human propensity to alter our environment has frequently led to the shifting of the earth'
constituents, at times moving naturally occurring radioactive materials (NORM) in closer prox
ourselves, and at other times increasing human radiation exposure by enriching the concentr
technologically enhanced naturally occurring radioactive materials (TENORM). New study sh
many fertilizers are radioactive, producing potentially harmful pot. A recent study shows th
commonly used fertilizers are high in radioactive elements EPA 1999. The present study ana
different types of fertilizers, 10 "organic" varieties and 23 "chemical" fertilizers. The results
that the chemical fertilizers (TSP) emitted on average two times the radiation of the organi
The lowest radiation was found in the Urea fertilizers, the normal low radiation found in mo

                                                                                                                            
                                                                                      

Fig.(1) Average activity of Ra-226,Th-232 and K-40 (Bq/Kg) of different 
fertilizer type from Egypt.
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