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ABSTRACT

During the last decade, a programme was developed to study radon
daughter risks and to carry out field and experimental measurements. The
Egyptian Atomic Energy Authority lead the implementation of this programme in
cooperation with the International Atomic Energy Agency through the
coordination project EGY/9/020 and EGY/9/030. Several national authorities
participated also in this study such as Nuclear Materials Corporation. This work
involved the preparation and calibration of equipment, establishment of measuring
techniques, survey in some cities and mines countrywide, and preparation of
regulations for radiation safety of the workers who may be exposed to high levels
of radon daughters. The study shows that there is no major environmental problem
for the public due to exposure to radon daughter. Occupational problem may be
probable in some underground mines with bad \ entilation. Reported values for
radon daughter levels in units of working level ranged from 0-0.26 in some
buildings and ruins in the Egyptian cities and from 0-3 working level in
underground phosphate and uranium mine in the Egyptian Eastern Desert.

INTRODUCTION

This monitoring programme starting in 1983 and it is going on till now.
The National Nuclear Safety and Radiation Control, the Nuclear Materials

Corporation, and the International Atomic Energy Agency participated in this programme.
The following items are the main objectives of this study.

1. Source term study.
2. Establishment of techniques.
3. Training of personnel.
4. Equipment preparation and calibration.
5. Estimation of risk.
6. Recommendations for corrective action and regulations.

The potential radon source in the Egyptian environment maybe found in underground
mines in general, uranium and thorium mines in particular, deep sites in some ruins area and
bad ventilated houses.

BACKGROUND INFORMATION

1. Sources of Radiation Hazards in Underground Mines, [1,2],
a. Beta and gamma radiation and this source has minor effect.
b. Air borne hazard and this source has major effect, it includes,

7. uranium and thorium dusts,
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8. radon and radon daughters,
9. thoron and thoron daughters,

2. Monitoring Methods, [1, 2],
2.1. Radon Gas

An air sample of radon is drawn into an alpha scintillation chamber which consists of
a 100-200 ml vial coated on the inside with silver activated ZnS which emit light flashes
when struck by alpha particles.

The scintillations emitted are measured by placing the transparent surface of the
chamber in contact with a photo cathode detector in a light-tight enclosure.

Usually this count is delayed for several hours after sample collection for equilibrium
between gas and daughters to be achieved.

With reasonable care, a sensitivity of 5 - 10 pCi/L is attainable with short counting
period.

The practical limit of sensitivity attainable with special care and long counting periods
more than 100 minutes is of order 0.1 pCi/L.

Radon concentration is evaluated by dividing the alpha counts found in the cell using
the alpha counter over the cell factor.

The cell factor is determined using standard radon source.
2.2. Radon Daughters

The procedure consists of sampling radon daughters on a high efficiency filter paper
for 5 minutes, and after a delay of 40 - 90 minutes alpha activity is measured on the filter
using alpha detector.

The radon daughters concentrations in units of working level is calculated by a simple
formula involving counting rate, detector efficiency, sample volume, and correction factor.

The alpha counter should be calibrated using standard radon daughter source.
The pump should be precisely calibrated to evaluate the exact flow rate before each

working day.
Using a 4 minutes count a concentration of 0 - 0.03 WL can be measured with a

reproducibility of ± 15 %.
2.3. Thoron Daughter

It is calculated in pCi/L by the same procedure for radon daughter but the filter is
counted after a delay of about 300 minutes. At that time the beta emitter daughter is in
equilibrium with its alpha emitting daughter enabling the air concentration at the time of
sampling to be calculated readily from the alpha counting.

A sensitivity 0.5 pCi/L or less is obtained using a sealer.
2.4. Long-Lived Alpha Emitter

A 10 minutes sample at a flow rate of 250 L/m gives typical sample for measurement.
Alpha counting should be performed after 3 days so those short-lived daughters are
completely decayed. Uranium concentration in uci could then be calculated.
3. Probable Errors, [2],

3.1. Inherent Errors
Time factor used in any monitoring method is determined by solving Bateman-type

equations for the decay of varies equilibrium and non-equilibrium mixtures.
Errors in estimating the alpha energy per liter may reach 12%.

3.2. Procedural errors:
These errors may include the following: lack of training, pump calibration, timing

errors, cracking of filters, erratic behavior of alpha survey instruments, and selection of
sampling sites. The total error may reach ± 10%.
4. Other Methods

These methods include:
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10. Alpha spectroscopy.
11. Automatic instruments such as instant working level meter.
12. Electrostatic diffusion chamber to measure uncombined fractions of radon daughters.
13. Passive technique to measure radon gas.
14. Personal dosimeters.

ACHIEVEMENTS

The following .achievements resulted from the implementation of that
measurement programme in Egypt.
1. Establishment of techniques for radon, thoron gases, and their daughters.
2. Calibration of measuring equipments using standard radon gas source and radon

daughter source.
3. Training of personnel to perform a monitoring programme for radon anywhere.
4. Preparation of regulations for the protection of workers in underground mines against

radiation hazard.
5. Dose assessment calculation resulting from the exposure to radon daughter.
6. Actual measurements in
a. underground uranium exploration sites in the Egyptian eastern desert,
b. phosphate mines in eastern desert,
c. houses and buildings in some Egyptian cities,
d. some Egyptian old ruins areas such as the Egyptian museums, the Pyramids area, and
Sakkara area.

All detailed results are available [3, 4, 5].

CONCLUSION

15. Potential radon hazard may be in underground mines or some deep
sites in ruins area.

16. No probable hazard is present due to radon environmental exposure in buildings or
houses.

17. Complete survey programme should be continued in conventional underground mines
accompanied by the corrective actions.

18. Followup of health records should be established in those sites of potential radon
exposure.

19. Revision of calibration procedures for radon daughter measuring equipment and
following up international programmes for inter-calibration activities.

20. Cooperation with IAEA in the study of the impact of the new ICRP-60 on the mining
industries in Egypt.

21. Continuous research programme particularly in the area of mine simulation using
radon test facility.
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