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Fluorapatite Ca5(PO4)3F 
 

 
Israeli Phosphorites 
 
 Mishash Formation Upper Campaian approx. 80-72 Myr 
 
Phosphate-belt along Margins of Tethys Sea  
  from Turkey to Morocco 
 
From few to 10 m alternating  P-rich granular phosphorites –  
  with  sterile mostly carbonates 
 
The U content varies directly with the P2O5,  
  ( average 140 ppm U) 
 
U in secular  radioactive equilibrium with its daughter products  
Th-230, Ra-226, Rn-222, Po-210, Pb-210 

Ore Processing 
• Deposit consists of  limestone, clay, sand, and 

phosphate 
• Beneficiation (sizing and flotation) 

concentrates phosphate from sand, etc. 
• Chemical processing turns P-rock to  fertilizer 

containing  uranium fertilizer, with and acidic 
gypsum residue rich in the various daughter 
nuclides: 

Transfer Factor (TF) from soils to plants 

• Pb and U have TF about 0.05 
 Po-210 TF very small 
 Uptake of Po and Pb mostly by deposition from 

Rn-222  
                       to broad and sticky leaves 
 Ra taken up more readily than U 
 Th activities and TF very low   
 Leaching and mobilty depends on soil parameters, 

texture, pH, mineralogy, clays, redox conditions, 
etc. 

 Plants have biochemical barriers to non-nutrients 
  

                      Economics of Uranium extraction from P-Fertilizer: 
 Technically no problem 
 Limited by  economics  
 Historically, the cost of recovery has been in the range of $22-

54/lb 
 U at today's commodity price is approximately $30/lb, thus at 

present its extraction is not economical 
 

Potential ways that the radioactivity of the PG stacks might 
adversely affect the environment 

Storing Phosphogypsum is expensive: 
( Data from Florida,USA) 

Phosphogypsum improves soil and crop yields   

                     Conclusions: 
 Uranium and daughters added to soils do not present radiological hazards  
 Radionuclides transferred to plants and forage do not cause radiological or chemical harm 
 PG stacks in Haifa Bay region are not hazardous to population centers.  

PG storage is expensive. An economic alternative may be extracting the U from the fertilizers. This 
would allow U to be used for fuel, and the PG to be used in agriculture or in  building materials 

 Radio-metal leakage from stacks can be prevented from contaminating groundwater by (1) natural 
changes in pH, redox, and mineralogy; (2) barite formation that sequesters radium. 

Firstly, the production of phosphoric acid produces a large amount of 
gypsum. This gypsum is termed phosphogypsum (PG), to differentiate it 
from naturally occurring gypsum which exhibits lower radiation levels. 
The  radioactivity in  natural gypsum is approximately 10 Bq/Kg. 
Depending upon the exact process, 3 tons  (Hull and Burnett, 1996; Al-
Jundi et al.,2008 ) of gypsum are produced for every ton of phosphoric acid 
produced. The second significant factor is that the radium , Pb-210, and 
Po-210 partition more strongly into the gypsum phase. Uranium and 
thorium tend to partition into the phosphoric acid.  

Phosphogypsum has potential  uses in industry; particularly in construction materials (drywall), and as an additive in concrete and concrete blocks.(However, as the Israeli  PG 
contains radioactivity above  EPA limits it is not suitable for indoor materials).  It has uses in  agriculture as a fertilizer and soil conditioner (Conklin, 1992; Rutherford et al., 
1994). It is particularly useful as a  supplement  to supply Ca and S to nutrient impoverished soils, or to soils with low exchange capacities (Guidry et al, 1990). The Ca and S from 
the phosphogypsum are more readily soluble, and are released more quickly to the crops than is the calcium from limestone or dolomite additions, or via elemental sulfur. 
Phosphogypsum  has even been used as a feed supplement for cattle and pigs (Golushko, 1982).   
                   For example: 

Soils tilled with  phosphogypsum are appreciably enriched in Ra-226 (and Pb-210) compared to adjacent 
phosphogypsum-free plots. In all cases, soils that have had phosphogypsum additions are obviously very enriched 
compared to the regular soils. Yet, the crops and forage uptake is minor as the transfer coefficient for the 
radionuclides is small.  

Papastefanou et al. (2006) working in Greece ,of similar soil type and climate to Israel, concluded that the results 
were actually “almost comparable” to the uptake in untreated soils. He supported this statement by calculating 
that the dose rate of the ingested produce is not at all of concern health wise. For example, he calculated using 
rice as a representative example for all the crops, that the uptake into the diet is negligible. Using  the mean value 
of Ra-226 (1.53 Bq/kg) in rice produced over treated soils, and knowing the average daily contribution of rice in  
the diet,  it was calculated that the intake of Ra-226 would constitute only 9.3 percent of the of total Ra-226 
ingested by the average person through drinking water and other foods in the average diet (Eisenbud and Gesell, 
1997). The annual effective dose is estimated to be 0.86 µSv/yr  compared with the average worldwide exposure 
from  natural radiation sources of 2.4 mSv/yr, with the contribution from  the U-Th series contributing 0.17 mSv 
and K-40 contributing 0.17 mSv (UNSCEAR, 2000). Thus, the activity values of Ra-226 in crops produced from 
treated and untreated soils can be considered comparable, in that both yield negligible dietary health concerns.  

Today, the dumping of PG into the sea has been restricted; thus, the most 
economical way of  disposal is storage on land in large piles or stacks. Yet, these large 
volumes of acidic material (pH=2-5), containing elevated activities of  radio-
elements, present environmental problems. Within the stacks there is growth of 
daughter products of radium over time. Thus, the buildup of radon, and  its  
subsequent emanation from the stacks, will  raise the radiation  dose  to those 
exposed to the  gaseous cloud that is continuously being  released. The average 
emanation coefficient is approximately 15%, which can increase up to 30 %, as the 
grain size of the particles become smaller. Lysandrou et al. (2007), calculated that 
with  maximum  exposure, an additional 17 mSv/yr  of radiation exposure can accrue 
to workers. The average  measured radon release from the stacks varies widely from 
less than 0.004  to more than 3 Bq per square meter, averaging approximately 1 Bq 
release for each square meter of stack surface area. The US EPA has adopted that Rn-
222 release should be limited to an average of  0.74 Bq per square meter (Rutherford, 
et al., 1994; Duenas et al., 2007).  Some have suggested that the radon release can be 
mitigated  almost  completely  by  plant (Komnitsas et al., 1999)  and   soil cover 
(Duenas et al., 2007) over the stacks, and that such cover  would reduce  the redox 
conditions and induce insoluble metal sulfide formation that would reduce the 
mobility of most radio-metals. Yet, as has been suggested (Carbonell-Barrachina et 
al., 2002), reductive decomposition of the highly insoluble radium sulfate  may also 
occur. This would actually facilitate the release of  Ra-226.  

 The PG due to their  relatively high radioactivity are not commercially  utilized. Rather they 
are  stored at two places. In the Negev desert 16 piles, or stacks,  are currently situated near the 
phosphate plant at Rotem, far from populated areas. The largest stacks hold 1.5 million tons 
each. The radioactivity of each stack is variable. In 2008 , the Rotem-Amfert stacks were found 
to contain Ra-226 ranging from 968-1938 Bq/Kg ,averaging 1274 Bq/Kg (N=9), and Th-232 was   
in the range of 0.4 to 7.4  for  ,averaging 2.1 Bq/Kg . For the same year the Haifa Chemical 
stacks at Rotem  contained Ra-226 ranging from 1185-4285 Bq/Kg, averaging 2228 Bq/Kg 
((N=5), and whose Th-232 ranged from 1.7 to 22.0 Bq/Kg, averaging 6.6 Bq/Kg. In the north, at 
Haifa Bay, along the Kishon stream the stacks were also found to be  variable as well. 
Measurements carried out in 1999-2001 (Ne’eman and Steiner) on stacks at Haifa Chemical 
averaged 867 Bq/Kg Ra-226, and  2.7 Bq/Kg Th-232. The Deshanim Homarim Chemim stacks , 
also at Haifa Bay averaged 1009 Bq/Kg Ra-226 in a range of 577-2369,and a Th-232 activity  
ranging from 0.8 to 475  in the year  2000. In the year 2002, two different stacks yielded  
approximately 3800 Bq/Kg Ra-226 ,while this year a single stack was measured (stack B) that 
yielded only 560 Bq/Kg. 

  370 Bq/kg permissible for agricultural application (USEPA,1999).  
 1000 Bq/kg may require treatment (Lovat, 2006). 
 By comparison, mean activities of Ra-226 are:  
                         ~310 Bq/kg (Syria), ~250 Bq/kg (Brazil), ~500 Bq/kg (Greece 

 
 

A representative PG stack in the Negev at Rotem 

Unfortunately, the PG stacks in Israel contain generally higher radioactivity than the limits set down by the 
EPA. Thus, the PG in Israeli are not  used but merely stored as a  waste by- product considerable expense.  

Extracting uranium and its daughter products 
during the phosphoric acid stage in fertilizer 
production could provide the solution to the PG 
waste storage problem . It would enable PG to be 
used in agriculture and industry. 

Gamma-radiation is another environmental hazard, but this is a more minor 
risk. Over time, the daughter products  build up, particularly Bi-214. This 
exposure to gamma-radiation can increase the  annual  radiological dose rate to 
workers by an additional 0.45 to 0.85 mSv over  background (Laiche and Scott, 
1991; Hussein, 1994; Palhalidis, 2009). The gamma-ray measurements carried 
out show that the  gamma-ray emissions are not a cause for concern. The stack 
having the highest  gamma-ray activity yields a dose of 239 µrem/h.  For 
effective doses under 3mSv (300 rem), the risk is considered minimal (USCEAR, 
2000).  

The stacks are far removed from the population concentrations, thus the 
release of dust or radon emissions poses no health hazard at present. 

A potential health hazard may exist due to fine dust bearing radio-
nuclides being blown off from the stacks and distributed by the winds 
(Guidry, 1990). Breathing in of this dust can result in the fine material  
accumulating in the lungs. This can result in the irradiation of  sensitive 
tissue for long periods of time. Likewise, the fine dust may be ingested, 
which could further add to the internal dose rate. 
 

The most important pathway from PG stacks to humans may be via their 
contamination of groundwater. The potential for radio-metal release from the 
stacks , particularly U, Pb, and radium, and the threat to the underlying 
ground water is considered. Distilled water is not effective in leaching the 
gypsum stacks. However, Lysandrou and Pashilidis (2008), studying the 
mobility in PG stacks along the coast of Cyprus, have  found that increased 
salinity in the leaching solution can increase the release of the metals by up to 
a factor of 100, depending on the concentration. Loewengart (1964) has 
demonstrated  that sea spray in the Haifa Bay can deposit significant amounts 
of salts inland. However, the amounts decrease with distance from the 
shoreline. The stacks are situated far away from the coast, which   makes moot 
any accelerated leaching. As radium resides in the stacks, more mobile Pb-210 
will be produced. This, along with the uranium, will be  prone to release. Yet, 
by analogy with the studies on the PG stacks in Florida (Burnett  and 
Elzermann, 2001), there would seem to be little environmental hazard even if  
leakage of fluids were to take place, for a geochemical  barrier to  metal 
transport is in place in  the high pH carbonate  soils  of Israel. The radio-
metals, except Ra,within the stacks are thus insoluble, precipitate or are 
adsorbed rapidly before entering into the water table.  

Recent studies by Zielinski et al. (2011) showed that barium and sulfate are 
enriched in gypsum phase. Small mineral grains of very acid insoluble barite  are 
formed, which effectively removes the radium from solution. An inexpensive but 
effective  method of ensuring that radium does not migrate out of the stacks 
towards the water table would be to add soluble barium salts which would lead 
to the co-precipitation of radium with the barite. 
 

Barite crystals 
form and 
sequester 
radium within 
the PG stacks 
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