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ABSTRACT

Phosphogypsum (phph) is a by-product in the manufacture of phosphoric acid
for the artificial fertilizer industry. In the present work, qualitative and
quantitative radioactive analysis arc carried for phph of National Company of
Abuzabal for chemical fertilizers. Gamma ray spectroscopy techniques are
applied.

The present study reveals that the radioactivity resulted from these wastes is
out of the international standards, and it is strongly not recommended to be used
as a construction material or for dwellings.
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INTRODUCTION

Phosphogypsum (phph) is a by-product in the manufacture of phosphoric acid
for the artificial fertilizer industry (1). Wet process phosphoric acid plants
produce 4.5 -5.5 tons of gypsum for each ton of fertilizer (P2O5 equivalent). In
other words, for every ton of phosphate rock, about 1.5 ton of phph arc formed
(2).Various radioactive elements are present as trace elements in the
phosphogypsum. The most important of these is cadmium and the uranium and
thorium decay scries.

The worldwide production of P2O5 and phosphogypsum has been increasing
gradually. As for phosphogypsum, the annual worldwide production has increased
from 120-150 million tons in 1983 to 150-200 million tons in 1990, and 220-280
million tons will be produced annually by the year 2000.About 12 tons of these is
cadmium (1). About 3.3 million tens of gypsum is produced in the united sntc each
year, and about 330 million tons are contained in existing stockpile (2). About 6000
tons of gypsum arc produced in Egypt in 1990 (3). Most recent estimates indicate
approximately 85% of all phph is cither dumped into water bodies, ponds, or
rivers and seashores rather than used. Other ways of disposal like application to
agricultural soils or stored in near the artificial fertilizer plants (4).
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USES OF PHPH

Regardless of the fact that phph is a by-product of the fertilizers industry; it
has many commercial uses, either in the building industry as well (5). In Louisiana
(USA), the primary use has been as a soil conditioner in agriculture. However,
new ways of utilizing this material are being investigated, mainly as a base or sub-
base for roadway construction (6). In the building industry, phph can be used in
producing the following the following building products (5):

1- Decorative tile and wallboard. 5-Gypsum plaster.
2- Sandwich brick. 6-PIaster of paris.
3- Blocks. 7-Production of cement.
4- Brick specimens. 8- Floor tile.

Some of the phph special uses are summarized below (5):
1-A potential sulfur source by using it in sulfuric acid manufacture.
2-A source of rare earth elements since 60 to 80 % of the total rare earth

Contents of the phosphoric acid are lost to the waste.
3- A fertilizer source.

In principal, all radionuclides of the23 U,and 32Th decay series are found in
the phosphate ore and consequently in the phph (1). However, not all of them are
of equal importance with respect to possible environment effects (1). The
important elements may be considered to be 226Ra ,231Pa ,210Po, and 210Pb (1).

Although most of the uranium initially present in phosphate rock is dissolved
when the rock is acidulated to produce phosphoric acid, a fraction of it remains
not dissolved and the gypsum contain 13-36 grams of uranium per ton (2).
Gypsum produced at phosphoric acid plants in the USA each year contains 1 to 2
million lb. of uranium, and the stockpiled gypsum may contain a total of 20
million-lb. (2).

From a radiological point of view the possibility of an extra radiation dose
from radon exhaled by an uncovered phph stack needs attention ((1). El-Thawy
et al. (7) indicated that the use of some types of gypsum might be strongly not
recommended because of their high radiological index in comparison with other
types of gypsum.

EXPERIMENTALWORK

21 samples of PliPh are formed in cubic form of 5 cm side and 23 samples of
the same chemical compassion are crushed to be in fine powder form. The
crushed samples are sieved of about 1-Mm grain size. The powder is then dried to
100°C for 24 hr. After cooling, the samples are packed in Marinelli beakers of
100CC. Then sealed for 4 weeks to reach secular equilibrium among 226Ra (of
23SU) and its short lived decay products.
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ACTIVITY MEASUREMENTS

The activity measurements are performed with an IIPGe -based
gamma ray spectrometer. The resolution of the spectrometer is 1.95Kev
forl332 Kev gamma ray from 60Co. The 226Ra activity (of 238U)
determination is based upon the gamma ray spectrum line 351.9 Kev
212Pb and 609.3,11203,and 1764.5 Kev of 2l4Bi. The "^Th activity is
calculated on the bases of the gamma ray spectrum lines of 238.6 Kev of
212Pb, 338.4, 911.2, and 969.0Kev of 228Ac and 583.1 Kev
of 208Tl . The 40K activity is based on 1460.8 Kev peak of gamma ray spectrum
Hneof40K.

RESULTS AND DISCUSSION

As expected all the PhPh samples show 22<5Ra series activity only. The 232Th
and 40K activities are under the detection limits of the system. Table (1) , and
Table (2) show the analysis of the crushed and cubic PhPh samples respectively.

The maximum and minimum of the crushed samples are 525.2 ±31.9 Bq/Kg
for sample No. 11, and 186.1+3 Bq/Kg for sample No. 12 as shown in Table (1).
The average activity is 319.40 Bq/Kg. The maximum and minimum activities of
the cubic form samples are 384.8 Bq/Kg, and 181.9 Bq/Kg for samples No.18-2
and 9-1/2 respectively. The average activity is 267.9Bq/Kg.

RADIUM EQUILALENT ACTIVITY

A common index has been introduced and is called radium equivalent activity
Racq. It is defined as (7), (8),(9),(10),(ll)

Ra t q = ARa + 1.43ATh + 0.077AK (1)

where ARa , Am, and AK are the specific activities of 226Ra, ^ T h and 40K
respectively. This common index is convenient for comparing the specific
activities of materials containing different concentrations of these
radionuclidcs. It is defined based on the assumption that 10 Bq/Kg of 226Ra,
7 Bq/Kg of 232Th and 130 Bq/Kg of 40K produce the same y-ray dose rate.
Table 1 shows all the investigated PhPh samples radium equivalent Raeq

given by Eq.2.the maximum permissible radium equivalent activities Raeq—
370 Bq/Kg.

As mentioned before these samples have 226Ra (of 23SU) activity only. So,
to represent the specific activity of all the radioactive nuclides, 226Ra
activity (of 238U) should be considered only. Equation (1) will be:

(2)
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EXTERNAL HAZARD INDEX

An advising group of experts of OECD's Nuclear Energy Agency (NEA-
OECD, 1979) (8) suggested some criteria for definitions of different levels
(representative, first enhanced and second enhanced) of external y-radiation due
to different combinations of specific natural activities in specific building
materials. T""' ceding from these recommendations, another radiation hazard
index, representative level index may be defined as:

IYr=0.0067CRa +0.01CTh +0.0067 CK (3)

This index can be used to estimate the level of y-radiation hazard associated
with the natural radionuclides in specific building materials. Recalling that the
samples have only 226Ra (238U) activity. Thus, Eq.(3) will be:

1^= 0.0067 CRa (4)

The values of Iyr are calculated according to Eq. (4) for all the studied samples
and are listed in tables (1) and (2) for the crushed and cubic form samples
respectively.

The cubic forms of the samples show lower radioactivity for the same crushed
samples as shown in Table (2). This is due to their cubic form is considered as 100
cc in volume for radioactivity calculation purpose. However, it occupies a volume
more than that occupied by the corresponding crushed one. In addition the
detector homogeneously views the crushed sample (disk form of the same
detector surface dimensions), whereas the detector does not view a part of the
cubic form.

Table (3) shows compression between the levels of radioactivity of the studied
samples and that recorded in some other countries. From Table (3) one may state
that the Egyptian phsphogypsum has one half of the radioactivity of that of
Florida and its minimum radioactivity is five times higher than that of UK and
Germany. Generally, one may point out that the radioactivity of the Egyptian
PhPfa is within the international limits and it could be used safely as a building
material.

However, El-Tahawy et al. (7) indicated that the use of some types of Egyptian
gypsum may be highly unrecommended because of their high radiological index
in comparison with other types of gypsum, e.g. Raeq of some gypsum samples
reached 569% of averaged Raeq. As shown in Table (1) Raeq ranges from 186.1 to
525.2 Bq/Kg. Samples No. 6-1,11-113-1,21-1,23-l,and 25-1 in this study are not
recommended types of building materials, due to their high radioactivities.

The ITr values for all the crushed samples as directed in Table (1), show higher
values than unity. This means that all these samples are actually not
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recommended types as building materials. The same results are remarked for the
cubic form samples. Table (3) shows that the minimum value for the depicted
activity in Table (1) is higher than seven times the activity shown by the Phph of
Poland, while the maximum limit of the Egyptian PhPh is 0.71 of the
corresponding value for the same country. The maximum limit of the Egyptian
PhPh is comparable to the corresponding value of that of Germany.

CONCLUSION

From this study, one may conclude that the PhPh of industrial waste is
strongly not recommended as building material in Egypt for the safety of
populations.
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Table (1) Analysis of the crushed samples

Sample
No.

2-1
3-1
4-1
5-1
6-1
7-1
9-1
10-1
11-1
12-1
13-1
14-1
15-1
16-2
17-1
18-1
19-1
20-1
21-1
22-1
23-1
25-1
26-1

"6Ra(of 2i8U
=Rae Bq/Kg,
(Eq.2)
276. 3 ± 17. 8
352 ± 15.5
234. 2 ± 18.3
267. 4 ± 12. 9
470. 4 ± 14. 5
312. 9 ±15.7
361. 7 ±25. 9
338. 4 ± 20. 5
525. 2 ± 31. 9
186. 1± 11.3
376. 3 ±26.8
253. 3 ± 16. 9
318. 3 ±21. 2
239. 7 ± 19. 5
267. 1 ± 19.3
374. 6 ± 18. 4
266.1 ± 19.4
265.2 ± 9. 3
373. 9 ± 13. 0
357. 4 ± 16. 3
427. 7 ±20. 4
291. 7 ±14.4
210. 2 ± 10. 9

I -0.0067 i-<
yr *-Ra

(Eq.4)

1.85±0.12
2.36±0.10
1.57±0.12
1.79±0.09
3.15±0.10
2.10±0.11
2.42±0.17
2.27±0.14
3.52+0.06
1.25±0.08
2.52±0.18
1.70±0.11
2.13±0.14
1.61±0.13
1.79+0.13
2.51+0.12
1.78±0.13
1.78±0.06
2.51±0.09
2.40±0.11
2.87+0.14
1.95+0.1
1.41±0.07
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Table (2) Analysis of the cubic samples

Cube
Code
5-2
6-2
7-2
8-2
9-1/2
10-2
11-4
12-1
13-2
14-2
15-1/2
16-2/3
17-1/2
18-2
19-1/2
21-2
22-1/2
23-1/4
25-1/2
26-1/2

Activity
(H6Ra)Bq/Kg
233.3
313. 7
295.8
352.4
181.9
302.9
309.9
238.7
289. 1
238.5
270.0
191.3
245.6
384.8
315.3
289.8
274.4
249.6
316.8
313.8

1^=0.0067 CRa

From Eq. (4)
1.56
2.10
1.98
2.36
1.22
2.03
2.08
1.60
1.94
1.60
1.81
1.28
1.65
2.58
2.11
1.94
1.84
1.67
2.12
2.10
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Table (3) Activity comparison between some countries
(UNSCEAR)

Country

Florida
USA
UK

Germany

Poland

Egypt
(from this
work)
Abuzabal
Abuzabal
company
Abuzabal
company
Kafr
Alzaiat
company
Kafr
AlZaiat
company
Assut
company
Assut
company

Type of Material

Gypsum (PhPh
rock)
Natural Gypsum
PhPh
Natural Gypsum
PhPh
By-product
Gypsum
PhPh

Ore
Monophosphat^
fertilizer
Triphosphate
fertilizers
Ore

Monophosphate
fertilizer

Ore

Monopliosphate
fertilizer

226Ra
Activity
(Bq/Kg)
1221

22
629
<19
555
26-740

186.1-525.2

498
276

159

756

493

667

465


