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ABSTRACT

Abu-Tartor phosphate mine, New Valley district, is one of the biggest phosphate mines in
Egypt which will start full production soon. The planned ore rocks (24.8 % P1O5) annual production is
4 miilion tons. The aim of this study is to estimate the natural radioactivity levels in Abu-Tartor
phosphate deposits and the surrounding region. The environmental radioactivity levels in the
surrounding region will be considered as pre-operationallevels which are essential to determine the
radiological impacts of phosphate mining later on. Phosphate samples (ore rocks, wet rocks and
beneficiation wastes) and environmental samples (soil, water and plant) were collected. The specific
activities of Ra-226 (U-238) series. Th-232 series and fC-40 were measured using gamma-ray
spectrometry based on Hyper pure Germanium detectors. The specific activities of uranium isotopes
(U-238, U-235 and U-234) were measured using alpha spectrometry based on surface barrier
detectors after radiochemicai separation. The specific activity of Pb-21O was measured using low
background proportional gas counting system after radiochemicai separation. The results were
discussed and compared with national and international values.
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INTRODUCTION

Awareness of exposure to natural radioactivity and its technological enhancement, in both the
industrial and environmental domains is growing. Unfortunately common errors frequently arise,
namely associating ambient radioactivity only with the nuclear industry and indeed the assumption
that radioactivity is regarded to be unnatural.1"

Phosphate rock is starting raw material for all phosphate products. It can be of sedimentary,
volcanic or biological origin. Normally, the sedimentary phosphates have higher radioactivity than
igneous phosphates.'2' Phosphate rocks of sedimentary origin are the main sources of phosphorus for
man-made fertilizers. The majority of phosphate rocks of sedimentary origin show elevated
concentrations of uranium and its decay products, with values in the range of 1500 8q/kg. A minor
contribution (5%) of radioactivity in phosphate rocks is due to Th-232 series in addition to the
naturally occurring K-40. Phosphate rocks of volcanic origin contain natural radionuclides in
concentrations similar to that of typical soils.13'4' Investigators have reported a wide variation in the
concentrations of uranium and radium in phosphate rocks from various parts of the world. They
reported uranium to be in the range from 3 to 400 ppm (from 37.2 to 4960 Bq/kg of U-238) and Ra-
226 ranges from 100 to 10,000 Bq/kg.(5)

It is widely believed that the radioactivity associated with phosphate rocks of marine origin is
formed by the adsorption and co-precipitation of uranium with calcium. Several investigators have
indicated that, in general, the radionuclides content of a phosphate deposit increase with increasing
P1O5. Others suggested that a better correlation may exist between the uranium content and the
product of the organic substance and PiO.^.'6' Due to the similarity in ionic size between U4' (0.99 °A)
and Ca (0.89 "A\ the tetravalent uranium can readily enter the apatite structure. While the uranyl (if*)
is much larger (3.1 x 1.4 "A) it can only be fixed in the exterior part of the structure by various
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adsorption processes. The presence oftetravalent uranium implies strongly reducing organic mud in
which apatite is formed. Hexavalent uranium exists under more oxidizing post-sedimentary conditions
that occur generally during emergence. The latter state corresponds to a high mobility of the element
which can be concentrated during secondary recrystallization of iron and aluminum phosphates in the
altered zone near the top of the deposit.'7'

The primary potential environmental radiation problem associated with phosphate rocks
mining and beneficiation concerns mining spoils and beneficiation wastes products. While these
materials do not present a direct radiation hazard, problems may be created by their use. Exposures to
the public results from the effluent discharges of radioactive materials of the U-23 8 decay series into
the environment from phosphate mining and processing, use of phosphate fertilizers, and use of by-
products and wastes. Occupational exposures mainly occur during mining, processing and
transportation of phosphate rock, as well as during transportation and utilization of phosphate
fertilizers/8'

Abu-Tartor phosphate mine:

Geological Features:

Abu Tartar plateau forms a part of the rugged stretch that separates Dakhla and Kharga Oases
in the Western Desertof Egypt. The plateau has an area of about 1200 km2. Unusual thickness of the
phosphate deposit is developed for a distance of 15 km along the Maghrabi-Liffiya sector on the
central part of the scarp face that marks the eastern limit of the plateau. This sector lies at a distance of
about 50 km to the west of Kharga town. The geological section in this area includes from bottom to
top the following major rock units( '10>:

• The Nubian Formation, consisting of cross-bedded sandstones, clays, siltston, quartzitic
sandstones and variegated clays. It has a thickness of about 100 m.

• The phosphate formation, which overlies the Nubian Formation, has a thickness ranging
from 20 to 30 m. It is of upper campanian to lower Maastrichtian and being divided into
three members. The lower member has a thickness varying from 0.3 to 10 meters. The
middle member is mainly consisting ofgypsiferous shale with glauconitic sandstone beds
and has a thickness varying from 18 to 22 m. The upper member consists mainly of shale
beds intercalated with gravellitic phosphorite with a maximum thickness of 5 m.

• The Dakhla formation, consisting of shale intercalated with concretional low grad
phosphorite bed with clayey silty carbonate. It is of Maastrichtian to Paleocene age and its
thickness varies from 85 to 102 m.

• The Kurkur formation, consisting mainly of limestone and shally limestones, is of
Paleocene age and its thickness varies from 18 to 53 m.

Phosphate Mining and Beneficiation:

In Abu-Tartor mine, the phosphate matter occurs as pellets, ooiites, coprolites, organic
remains, nodules and concretions. The non phosphatic minerals are represented by dolomite, ankerite,
montmorillonite, caicite, gypsum-anhydrite, iron oxides, pyrite-melnicovits, marcasite, glauconite,
quarry and carbonaceous matter. The current reserve estimate in the exhaustively investigated area
runs in the order of a billion tons.(11)

The planned ore rocks annual production is 4 million tons with 24.8 % P2O5 The ore rocks will
be beneficiated to produce 2.2 million tons per year of wet rocks with 30.5 - 31.2 % P2O5. In the
beneficiation process, the ore rocks are crushed, sieved and transferred to the beneficiation plant. In
the beneficiation plant, the ore rocks are washed, wet screened and flotation separated to produce wet
rocks and different rejects. These rejects include clay suspension (slimes), magnetic separation and
primary (clay rocks and dolomite rocks) rejects. The magnetic separation and primary rejects are
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returned back to the land. The slimes are pumped to impoundment. The wet rocks are stocked in large
open piles for sale or transport to a phosphate chemical plant. Water is recycled to the greatest possible
extent. The material balance for the mining activities in Abu-Tartor mine is shown in Table 1. (6> l2)

Table 1: Material balance for Abu-Tartor phosphate mine, New Valley region, Egyptf12'

Product ton/y P2OS % Content %
1) Delivery:
1-Row ore 4.0 E 6 | . . 24.8 100

H) Discharge:
1- course concentrate
2- Fine concentrate
3- Primary rejects
4- Wet screening rejects
5-Magnetic separation rejects
6- Slimes
7- Mechanical losses

1.6 E 6
0.6 E 6

13.2 E 4
21.2E4
28.1 E 4
1.08 E 6
9.8 E4

31.2
30.5
9.9

21.0
25.5
13.7
-

40.0
15.0
3.3
5.3
7.0

27.0
2.5

EXPERIMENTAL WORK

Sampling and samples preparation:

Twenty-one phosphate and environmental samples were collected from Abu Tartor phosphate
mine and the surrounding region in March 1997. Seven phosphate samples were collected, including
ore rocks, wet rocks, primary rejects (Dolomite rocks and clay rocks), wet screening rejects, magnetic
separation rejects and slime. All phosphate samples (except ore rocks sample) were collected from the
beneficiation pilot plant. Five soil samples were collected from cultivated and uncultivated lands: two
from the main farm, two from the newly reclaimed farm (new farm), and one from the future farm.
The future farm is closer to the mine than the other two farms. Three samples of underground water
and two samples of recycled water (from the beneficiation pilot plant) were collected. There are 13
underground water wells. Their water is pumped into a pipe network to the treatment station for
public uses, the beneficiation plant and agriculture purposes. The underground water well near the new
farm (well number 13) is used directly for agriculture purposes. Some of the water from the
beneficiatton plant will be used for irrigation of the future farm. Also, five plant samples were
collected, two from the main farm and three from the new farm.

The soil samples were collected using a template of 25 x 25 cm2 with a depth of 5 cm. The
water samples were acidified to pH 1-2 by adding nitric acid directly after sampling to prevent the
microbial growth and the interaction with the container walls. lb)

Phosphate, soil and plant samples were dried at 110 °C, mechanically crushed, mixed and
sieved through a 2 mm mesh. For uranium and lead analysis a portion of the dried samples was ashed
at 550 °C, then moistened with concentrated nitric acid, fumed off to dryness and ashed again at 550
°C for 12 hours. The water samples (about 5 liters each) were evaporated to one liter.(131

Analytical methods:

For gamma spectrometric analysis, a portion of the dried samples was transferred to a
Marrinelli beaker of 1000 ml volume and sealed for about four weeks to reach the secular equilibrium
between radium and thorium and their progenies. The water samples were transferred to a Marrinelli
beaker of 1000 mi volume. Ra-226 series, Th-232 series, and K-40 were measured using a gamma
spectrometry based on Hyper pure Germanium detectors. The gamma transmissions used for specific
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activity calculations are 351.9 (Pb-214), 609.3, 1120.3 and 1764.5 keV (Bi-214) for Ra-226 series,
338.4, 911.1 and 968.9 keV (Ac-228) for Th-232 series and 1460.7 keV for K-40. The gamma
spectrometers were calibrated using a Ra-226 point source and KCI solutions.(14>

For uranium isotopes analysis, 1-5 g of the ashed samples were spiked with U-232 tracer and
dissolved using mineral acids (HNO3, HF and HC1). The uranium was extracted with Trioctylphosphin
oxide in cyclohexan, backextracted with NH4F/HC1 solution, then co-precipitated with La(NO3)3 and
purified by passing through anion exchange column. Uranium then was electroplated on a stainless
steel disk from oxalate-chloride solution. The prepared samples were measured using alpha
spectrometry based on surface barrier detectors.(l5>

For lead-210 analysis, 5 g of ashed samples were spiked with Pb2+ carrier and leached with 3
M HBr as tetrabromo-complex. This lead complex was extracted with trioctylamin /toluene and
backextracted with concentrated HCI. After Bi separation as BiOCl precipitation, Pb was precipitated
as PbCrC>4 and brought up on a filter paper. After waiting for about 8-10 days, the precipitate was
covered with another filter paper of an equal size (7- 9 mg/cm2), to hold back the low energy beta
radiation of Pb-210 and the alpha radiation of ingrown Po-210. The beta radiation of the daughter
product Bi-210 is measured using a low background alpha/beta gas proportional counter. The lower
detection limit of the procedure is in the range of 150 mBq/ sample (1000 min. measuring time). Pb-
210 specific activities were calculated from the specific activities of the daughter product Bi-210.(I6)

Quality control of the measurements was performed by measuring background, blank, and
reference samples on a regular basis, as well as participating in some international and regional
quality control intercomparison exercises.<l7)

To compare the specific activities of materials containing Ra-226, Th-232 and K-40, the
radium equivalent activity is used to obtain the sum of activities. The radium equivalent activities have
been calculated based on the estimation that 370 Bq/kg Ra-226, 259 Bq/kg Th-232 and 4810 Bq/kg
K-40 produce the same gamma ray dose rate. Therefore, the radium equivalent activity of a sample
can be written as:

Ra-eq = A R,+ 1.43 A* + 0.077 AK

where A Ra, An, ,and AK are the activities of Ra-226, Th-232 and K-40 in Bq/kg respectively.(4)

Results and Discussion

The specific activities of Ra-226 (U-238) series, Th-232 series, K-40, Pb-210 and radium
equivalent activity in Bq/kg dry weight, Ra-228/Ra-226 and Pb-210/Ra-228 activity ratios and organic
matter contents are given in Table 2.

For phosphate samples, it is obvious that the main radioactivity content of phosphate rocks is
due to U-238 series and its decay products. Th-232 series and K.-40 specific activities together are
25% and 16 % of Ra-226 specific activity in ore and wet rocks respectively. In beneficiation process,
the changes in radioactivity contents cou-ld be due to mechanical separation of radionuclides between
the wet rocks and the different rejects and/or solubility of radionuclides. The specific activities of Ra-
226 in ore and wet rocks are 287 ±3.6 and 284 ±5.1 Bq/kg dry weight respectively. So, the Ra-226
contents in ore rocks were not disturbed by the beneficiation process. That could bs explained by the
chemical behavior of radium. Ra3" is moderately soluble in natural water, although a high SOT"
content will favor its removal as mixed sulfate crystals. High sulfate concentrations may provide for
the formation of RaSO4, although rarely do Ra2+ concentrations approach the solubility limit(I8). The
specific activities of Ra-226 series in wet screening, magnetic separation and s!ime rejects are 228 ±
2.5, 241 ± 3.7 and 190 ± 4.7 Bq/kg dry weight respectively. The elevation of radium content in
magnetic separation reject could be explained by the adsorption of some radionuclides by hydrous
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Table 2: Specific activities of Ra-226 series, Th-232 series, K-40, Pb-210 and radium equivalent in Bq/kg, Ra-228/Ra-226
and Pb-210/Ra-226 activity ratios and organic matter content in phosphate and environmental samples.

Sample code and description

Phosphate Samples

PI Ore rock
P2 Wet rock
P3 Wet screening
P4 Magnetic separation rejects
P5 Slime
P6 Primary rejects (clay)
P7 Primary rejects (Dolomite)

Soil samples

S1 Main Farm (east side)
S2 Main farm (west side)
S3 New farm (cultivated land)
S4 New farm (uncultivated land)
S5 Future farm

Plant samples

PI 1 Gasuarina Equestilblia *
PI 2 Gasuarina Equestifolia *
PI 3 Gasuarina Equestifolia • •
PI 4 Eruca Sativa **
PI 5 Trifolium**

Water samples

Wl Well 13
W2 Raw water
W3 Raw water treated
W4 Recycled water

Ra-226± E

284.0 ± 5.1
287.0 ± 3.6
228.0 ± 2.5
241.0 ± 3.7
190.0± 4.7
59.4 ± 1.2
70.7 ± 0.8

Th-232 ± E K-40 ± E
Bq/kg dry weight

23.7 ± 2.8
23.7 ± 2.3
22.4 ± 1.3
24.9 ± 2.4
24.9 ± 3.1
28.7 ± 1.6
14.9 ± 0.6

45.9 ± 8.4
21.4 ±4.1
71.8 ±3.6
17.6 ±4.3
28.8 ± 7.3

297.0 ±3.3
229.0 ± 2.2

Pb-210 ± E

259.3 ± 2.7
223.7 ± 1.9
286.2 ± 3.3
299.3 ± 2.8
120.4 ± 1.3
44.4 ± 0.9
67.3 ± 1.0

Radium

Equi.

321.4
322.5
265.5
277.9,
227.8
123.2
109.6

Ra-228/

Ra-226

0.08
0.08
0.10
0.10
0.13
0.48
0.21

Pb-210/

Ra-226

0.91
0.78
1.26
1.24
0.63
0.75
0.95

O.M. %

2.71
1.94
3.30
2.83
1.28
0.88
0.99

27.8 ± 0.6
32.8 ± 1.0
19.0 ± 1.3
27.7 ± 0.6
21.4 ± 0.6

44.2 ± 0.8
41.5 ± 1.1
17.6± 0.6
24.8 ± 0.7
16.8 ± 0.7

74.5 ± 0.9
152.0 ±3.1
127.0 ±2.8
163.0 ±2.1
127.0 ±2.0

14.0 ± 0.7
17.4 ± 0.6
15.1 ± 0.8
18.3 ± 0.8
17.2± 0.7

96.7
103.8
53.9
75.7
55.2

1.59
1.27
0.93
0.90
0.79

0.50
0.53
0.79
0.66
0.81

0.73
0.63
0.79
0.80
0.65

8.0 ± 0.7
5.1 ± 0.9
2.8 ± 0.4
3.6 ± 0.6
8.2 ± 2.0

<0.7
<0.7
<0.7
<0.7
<0.7

457.0 ± 7.0
752.0 ± 8.3
802.0 ± 7.0

1220.0 ± 10.3
1848.0 ±15.5

Bq/I

<0.6
<0.6
<0.6
<0.6

<0.7
<0.7
<0.7
<0.7

1.2 ±0.1
2.5 ± 0.2
1.4 ± 0.1
0.7 ± 0.3

: main farm 1 new farm



oxides of Fe(III) and/or Mn(lV).°9> Ra-226 specific activities in the primary rejects (clay and
dolomite rocks) are 59.4 ± 1.2 and 70.7 ±0.8 Bq/kg dry weight respectively. It is less than that of
phosphate rock and comparable to the published values for sedimentary rocks. (18) Th-232 series
specific activities in all phosphate samples are ranged from 14.9 to 28.7 Bq/kg dry weight. Except for
the primary rejects (dolomite rocks), there is no differences in Th-232 series specific activities in ore
rocks, wet rocks and the different beneficiation rejects. That could be due to the poor solubility of Th
during mining and beneficiation processes. The K-40 specific activities in ore rock, wet rock and
rejects ranges from 17.6 to 7! .8 Bq/kg dry weight, the highest value measured in wet screening rejects
and the lowest value in magnetic separation rejects. The specific activities of K-40 in primary rejects
(clay and dolomite rock) are 297.0 ±3.3 and 229.0 ± 2.2 Bq/kg dry weight which is much higher than
in the other phosphate samples. These differences are due to the different geological rock types. The
differences in K-40 contents in wet rock and the beneficiation rejects (excluding the primary rejects)
could be explained due to the high solubility of K in water, the organic matter content and the particle
size (clay content).(20>

For soil samples, the specific activities of Ra-226 series, Th-232 series and K-40 are ranged
from 19.0 to 32.8, 17.6 to 44.2 and 74.5 to 163.0 Bq/kg dry weight respectively. For Ra-226 and Th-
232, the higher values were measured in the main farm soil and the lower in the cultivated land of the
new farm. Also, the values for the uncultivated soil sample from the new farm are higher than that of
cultivated soil sample and comparable to the value of the main farm soil samples. However, the
specific activities of Ra-226 series, Th-232 series and K-40 are comparable and are in the range for
Egyptian and international values reported for soil. The average (range) specific activities of Ra-226
series, Th-232 series and K-40 for Egypt and international values are 16.6(5-63.7), 18.1 (2.5-95.6)
and 316 (29-653) Bq/kg dry weight, corresponding to 25 (!0-50), 25 (7-50) and 370 (100-700) Bq/kg
wet weight respectively.<8>21)

The specific activities of Pb-210 in Bq/kg dry weight in phosphate range from 44.4 (primary
rejects, clay rocks) to 299.3 (magnetic separation rejects). For soil samples, Pb-210 specific activities
(Bq/kg dry weight) range from 14.01 (main farm east side) to 18.3 (new farm, uncultivated land).

For plant samples, Ra-226 series and K-40 specific activities range from 2.8 to 8.2 and 457.0
to 1848.0 Bq/kg dry weight respectively. Th-232 series specific activities are below the minimum
detection limit (0.7 Bq/kg for a measuring time of 8 hr). The typical levels of Ra-226 in most
component of the diet range from 4 to 200 Bq/kg.<22)

For water samples, Ra-226 and Th-232 and their decay products are below the minimum
detection limits (0.6 and 0.7 Bq/I respectively for measuring time of 8 hr) in all samples. The specific
activities of K-40 range from 0.71 to 2.51 Bq/1. The maximum value was measured in raw water
sample and the minimum in recycled water sample from the beneficiation plant.

The radium equivalent activities for phosphate samples range from 109.6 to 322.5 Bq/kg.
Except for primary rejects (clay and dolomite rocks), all phosphate samples have the same trend as
Ra-226 where Ra-226 is very high comparing to Th-232 and K-40. For soil samples, the radium
equivalent activities range from 53.9 to 103.8 Bq/kg dry weight.

The activity ratios of Ra-228 (Th-232 series) and Ra-226 (U-238 series) for all phosphate
samples (except primary rejects) range from 0.08 to 0.13. For primary rejects the ratios are 0.48 for
clay rocks and 0.21 for dolomite rocks. The typical U/Th activity ratios for phosphate and clay rocks
are < 0.1 and 0.4-10 respectively.l24) For soil samples, the ratios are ranged from 0.8 to 1.59.

The Pb-210/Ra-226 activity ratios in ore rocks and primary rejects (dolomite rocks) are close
to unity (0.91 and 0.95 respectively). While, wet screening and magnetic separation rejects the ratios
are more than unity and for the other phosphate and soil samples the ratios are less than unity. That
implies the disequilibrium state between the two rad ion uci ides. To explain She differences in the
activity ratios of Pb-210/Ra-226, we should remember that Ra-226 is decaying to Rn-222 gas which
usually escapes from the matrix (soils and some geological formation) depending on the porosity of
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the matrix. In case of rocks with no porosity, the Rn-222 gas is enclosed inside the rocks and decays
with keeping the equilibrium condition of the series. The mobility of radon isotopes is regarded as one
of the main causes of disequilibrium in the uranium and thorium decay series (23). The general
principal of interpretation of uranium and thorium series disequilibrium data is that if the activity of a
daughter radionuclide is deficient relative to its parent then recoil aided and /or solution caused
mobilization has occurred. On the other hand, if the daughter-parent activity ratio is greater than unity
that implies preferential leaching of the parent or preferential precipitation of the daughter
radionuclides. ^3)

The specific activities of U-238, U-235 and U-234 in Bq/kg dry and U-234/U-238 activity
ratios for phosphate and environmental samples are given in Table 3.

For phosphate samples, the specific activities of U-238, U-235 and U-234 (alpha
measurements) range from 42.3 to 436.5, <1.41 to 16.0, and 45.1 to 398.0 Bq/kg dry weight. From
these results, it is obvious that the ore rocks, wet rock and the magnetic separation rejects have almost
the same* uranium isotopes specific activities. The same note is true for wet screening rejects and
slimes. The uranium isotopes specific activities for primary rejects (clay and dolomite rock) are much
lower than those of the other phosphate samples. The variation of uranium specific activities in
phosphate samples could be explained duetotheP2Os percentage and uranium solubility. (6'23) Ore
rocks, wet rocks and magnetic separation rejects contain 24.8 %, 30.85 % and25.5%ofP2Os
respectively. Wet screening rejects and slime contain 21.0 % and 13.0% of P2O5 receptively.
Primary rejects rocks (clay and dolomite rocks) contain only 9.9 % P2O5. From these results the
relation between P2OS percentage and uranium specific activities becomes understandable. This
relation is not given for wet screening rejects which could be due to the difference in the mineralogy
of this rejects. From the organic matter content in the phosphate samples (Table 2), we could not find a
relation between uranium and organic matter content.

For soil samples, the specific activities of U-238, U-235 and U-234 range from 17.1 to 25.2,
< 0.30 to 1.78 and 16.6 to 25.8 Bq/kg dry weight respectively. The differences in the uranium
isotopes (U-238, U-235 and U-234) specific activities are not large specially with considering the
statistical errors. Although, it seems that the uranium specific activities in uncultivated lands are little
bit higher than that in cultivated lands. This depletion of uranium in cultivated land due to soil
reclamation process has been expected. This process includes washing the soil (mostly sand with high
permeability) which leads to some leaching of salts content (such as uranium). This effect had been
diminished with increasing the organic content in soil by cultivation.

The activity ratios of U-234/U-238 in phosphate and soil samples range from 0.91 to 1.07 that
is close to the equilibrium condition (the unity). The typical U-234/U-238 activity ratio is unity for the
unweathered rocks and less than unity for weathered rocks. It is known that disequilibrium state
between U-234 and U-238 is rather common in nature. The key factors in the development of U-234/
U-238 activity ratios out of equilibrium are the relative rates of leaching, mechanical erosion, and
daughter haif-life.<23)

Specific activities of Ra-226, U-238, Th-232 and K-40, and radium equivalent activity in
Bq/kg in Abu-Tartor phosphate and other phosphate deposits from different countries are given in
Table 4. For radium equivalent activity, the minimum is for USSR (Kola) phosphate. Its origin could
be volcanic because it is comparable to the levels in soil. For the phosphate deposits from the
sedimentary origin, Abu-Tartor phosphate has the minimum activities (radium equivalent) values,
321.4 Bq/kg, followed by the phosphate ore from other Egyptian mines (Abu Zaabal phosphate plant)
and Kurun phosphate from Sudan with 557.5 and 568.3 Bq/kg respectively.ajA>i) From these data it
derives that the Egyptian phosphate rocks have the minimum radioactivity contents for the phosphate
rock of sedimentary origin. The higher is the radioactivity content in phosphate rocks, the higher are
the radiological impacts and the radiation doses through mining, processing and using the products
and the by-products.
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Table 3: Specific activities of uranium isotopes (U-238, U-235 and U-234) in Bq/kg dry weight

and U-234AJ-238 activity ratios in phosphate and environmental samples

Sample code and description

PI
P2
P3
P4
P5
P6
P7

ET
S2
S3
S4
S5

Phosphate Samples

Ore rock
Wet rock
Wet screening
Magnetic separation rejects
Slime
Primary rejects (clay)
Primary rejects (Dolomite)

Soil samples

Main Farm (east side)
Main farm (west side)
New farm (cultivated land)
New farm (uncultivated land)
Future farm

U-238 ±

370.6 ±
407.7 ±
2IO.O±
436.5 ±
191.8 ±

42.3 ±
56.9 ±

21.5 ±
20.8 ±
17.1 ±
25.2 ±
24.1 ±

20.0
23.5
6.8
31.8
12.1
2.4
2.7

1.3
2.7
1.1
1.7
1.4

U-235 ± E

Bq/kg dry weight

13.6 ± 2.0
16.0 ± 2.3
7.7 ± 2.0
5.9 ± 1.9

14.1 ± 2.7
< i.4i
< 1.45

<0.39
<0.45
<0.40
1.8 ± 0.4

<0.42

U-234 ±

372.5 ±
393.3 ±
197.7*
398.0 ±
180.0 ±
45.1 ±
55.6 ±

22.3 ±
19.0 ±
16.6 ±
23.3 ±
25.8 ±

E

27.4
31.1
9.6
41.8
17.9
2.9
3.5

1.8
1.5
2.3
2.1
1.9

U234/

U-238

1.01
0.96
0.94
0.91
0.94
1.07
0.98

1.04
0.91
0.97
0.92
1.07

9 0



Table 4: Specific activities of Ra-226, U-238, Th-232, K-40 and radium equivalent in Bq/kg

In phosphate rocks from different countries.

Country

Abu-Tartor (Egypt)
Ore rocks

Wet rocks
Abu-Zaabal plant (Egypt)
Morocco
Morocco
Tiba Togo (calcined)
Bu-Croa (Western Sahara)
USSR (Kola)
USA (Florida)"
USA (Western)**

USA (North Florida)
Matrix (ore)
Pebble
Rock concentrate
Tailing

Jordan
Tunisia
Algeria
Israel
Sudan (Uro)
Sudan (Kurun)

Ra-226

284.0
287.0
514

1600
1600
1100
900
30

1600
1000

318.2
954.6
647.5
99.9
1044
821
619
1852

2262.5
554.5

U-238

370.6
407.7
523

1700
1700
1300
900
40

1500
1000

281.2
832.5
473.6
629

2597.8
683.5

Th-232

23.7
23.7
37

10
20
30
7
80
20
20

2
29
64
11

2.5

0.83

K-40

45.9
21.4
19

20
10
4
30
40

8
32
22

51.7
23

Rad. eq.

321.4
322.5
568.3
1615.8
1629.3
1143.2
912.3
147.4
1628.6
1028.6

1047.5
864.9
712.1
1867.7
2270.0
557.5

Ref.

*

4

6

5

3

2

* This study ** K-40 activity is not included in radium equivalent activity calculation
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