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Abstract: Radon Alpha particles and its daughter products dangers effect to
human health is the main motivation behind several studies of measuring
radiation in environment including the soil and building material.

We measured the activity of Alpha, Beta particles and Gamma Radiation in soil
in the middle of Gaza Strip in general form by using five types of detectors. In
our survey the middle region of Gaza Strip was divided into four areas, ,
included Dier El Balah (D), Mughazi (M), Buriej (B) and Nusairat (N), 40
samples where considered in the present work .

The samples then were tested and the results presented in this paper. The
comparison between the four regions was obtained and showed low radiation
level compared with the standard level known by the IAEA and UNCEAR
report (U3, U6)[3,7].

This study was conducted to provide us with measurements and extrapolations
about radiation concentration in general form in soil. This would enable us to
expect the health effects of radiation might cause in the future, especially from
the environmental point of view.

40 .
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1.0 Introduction: Radiation Effect

Radiation is all around us, it is naturally present in our environment and has
been since the birth of this planet. Consequently, life has evolved in an
environment which has significant levels of ionizing radiation. Radiation comes
from outer space (cosmic), the ground (terrestrial), and even from within our
own bodies. It presents in the air we breathe, the food we eat, the water we
drink, and in the construction materials used to build our homes.

Alpha particle radiation is the major source of natural radiation in our
environment. It is derived from radioactive decay of colorless, inert gas, Radon
(***Rn) and leading cause to cancer in the most world. An average person
receives a radiation dose of about 300 millirem per year from natural sources
compared to a dose of about 50 millirem [1] from produced artificial sources of
radioactive material such as medical x-ray. Natural radioactive material in Rock
and soil account for about 28 millirem or 8% of the radiation dose a person
receives in a year from all sources see figure 1.1. The most abundant sources of
natural background radiation are 238 of life time Ty, = 4.5 billion years, and
Thorium ***Th of half life time t =14 billion years in sediment rock. Both of
these elements decay to radon gas but Thorium decays to **°Rn called Thoron
which has half life time of only 55 second, whereas Uranium decays to ***Rn
called Radon which has half life time of 3.8 days. Because of the difference in
half life, radon can diffuse from soil, where it is produced , into living spaces,
whereas Thoron decays before it can move very far from where it was created
[2,3].
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Figure (1.1) Typical annual radiation doses from natural and man-made sources (National
Council on Radiation Protection and Measurement 1987)
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Exposure to natural sources of radiation has become an important issue in terms
of radiological protection. Much of this comes from **’Rn and its solids, short
lived daughter products, *'*Po, *'*Pb, and *'*Bi. The National Radiological
Protection Board, NRPB, (1992), estimates that Radon accounts for
approximately 50 % of person’s annual dose of radiation from all sources in
most of the world [4].

Radon is a naturally occurring radioactive gas that may be emitted from any
rock that contains Uranium and Thorium. The radio nuclides and radon
concentration for a given region is likely to be the result of combination of
properties of the rocks and the soil, such as distribution of Uranium and
Radium, porosity, permeability, and moisture content, as well as meteorological
and seasonal variation.

2.0 Objectives of study:

We believe the several environmental problems currently affect the Gaza Strip.
These problems have not received serious investigation. Practically, exposure to
radiation materials may be represented one of these environmental problems.
This research program aims to study a preliminary survey of radiation in soil
at the middle of Gaza Strip. This study will enable us to identify the
environmental problems concerning radiation hazards and improve the
technique of measurements.

2.1 Area of Study (Gaza Strip):

As shown in figure (2.1) Gaza Strip is a narrow piece of land lying on the coast
of the Mediterranean sea at roughly 31° N Latitude and 34° E longitude, about
32 km north of the Egyptian border [4].

The coast has sand dunes of about 20 to 40 m in height above sea level. Gaza
Strip is very crowded place with area, 360 km® as shown in the map, it's
whether is mild in winters dry and warm to hot in summers. The population size
is estimated at 1,196,591 which is about 36.3 % of the total population in
Palestine in 2001; the population is mainly distributed in the cities, small
villages, and eight refugee's camps that contain 50% of the population [4].
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Figure (2.1) Map of Gaza Strip

Sand dunes along the coast of the Gaza Strip may well contain elevated
concentrations of some of the radioactive minerals, like uranium and thorium,
which are derived from the granite sources rocks present in the area [9]. These
sands and other surface materials may contain some radioactive substances,
which produce elevated levels of radon progeny [9].

The possibility of cancer induction due to radiation has been attracting
increasing attention in the scientific community during the past decade. It is
now widely recognized that indoor radon is one of the largest sources of
exposure of ionizing radiation in the environment.

3.0 Techniques and Methods of Measurements:

In sampling Technique, subsurface soil samples were collected from 40 places,
believed to be undisturbed, in middle region of Gaza Strip. The samples
collected from ten places of each of the four regions . Each sample was
collected by employing a template method from a depth of one meter from the
earth surface and the sample weight equal one kilogram. The stones and roots
was removed from the samples, after that, each sample was put in plastic bag to
take it for a laboratory to determine the radionuclide specific activities.

3.1 Measurements using Solid State Nuclear Track Detectors (SSNTDs)
CR-39:

SSNTDs are sensitive to alpha particles in the energy range of the particle
emitted by Radon. SSNTDs also have the advantage to be mostly unaffected by
humidity, low temperatures, moderate heating and light[5].
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The detectors were placed inside the dosimeters, and exposed for 2 to 12
months. When alpha particles from the decay of radon and its progeny strike
the detector, they cause damage tracks. Also Measurements of Alpha and Beta
activity in soil were carried out by different techniques that presented nuclear
physics laboratory such as Electra Plus, Geiger-Muller counter and scintillation
detectors.

A) Track Formation:

When a charged nuclear particle enters the plastic it creates a trail of radiation
damage along its path, known as a latent track, shown schematically in figure
(3.1). The soil samples are placed in a plastic cup with plastic cover, the
diameter of the cover equal 6 cm and the height of the cup is 11cm as shown in
figure (3.2), the CR-39 detector is fixed inside the cover facing the soil sample.
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Figwre (3 . 1): Creating an Aldplhia Particle Trauclo
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11 cm

Figure (3.2): Measurement Technique for CR-39

Each sample was divided to two parts, each part was put inside the cup as
shown in figure (3.2). Eighty (80) detectors were exposed to forty (40) samples
which concern the middle region of Gaza Strip, this distribution of the detectors
is based on the nature of the soil type and geological location. The detectors are
left for about 60 days during the months October, November and December of
2004, the eighty detectors were collected and chemically etched using a 6 M
(Mole) solution of NaOH, at a temperature of 70° C, for 5 hours, (Standard
etching condition). The CR-39 detectors were mounted vertically in a stainless
steel spring and then immersed in the etching solution inside a water bath. At
the end of the etching process, the detectors were washed thoroughly with
distilled water and then left to dry. Each detector was counted visually using an
optical microscope with a power of (40x10). We counted the average number
of tracks in 1 cm™.

B) Determination of gross alpha contamination and Calibration
Technique:

Gross alpha contamination in surrounding air is measured in terms of Bq/m’.
Determination of gross alpha contamination and the standard deviation (S. D.)
in soil air at middle of Gaza Strip is done by the following equation [11].

Bay _ (CrTr ¥ p
Cs (ﬁ) - ( ;RR Xf)det .......... (3.1)
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Zn:(xk—i)z
c.D)y=\*"—5— . (3.2)

where, Cg: The total exposure of *°Ra (Radon Source) in term Bg/m”.

pr : Track density(number of track/cm?) of detectors exposed to “*’Ra.

Tr: Exposure time (days) of detectors exposed to **°Ra.

ps: Track density (number of track/cm?®)of distributed detectors in soil.

Ts: Exposure time (days) of detectors in soil.

on (S. D.): Standard Deviation.

Simply, a number of detectors were exposed to a known activity of *°Ra (radon
source) for a period of time of 60 days. Then theses detectors were collected
and treated by chemically etching. The average numbers of tracks/cm® were
observed. These detectors were considered as a calibration standard [8, 9].
Similar method is also used for detector technique to determine the calibration
constant (factor). This is derived by dividing the track density by the total
exposure of radon source. Then equation (3.1) for radon exposure becomes as

follows.
Co (= (k)= k| £
:
m (Tc:gkj(lﬂay) ......... (3.3)
cs(§q3)=K(’T’—sj .................... (3.4)

To determine the calibration factor (K) we have prepared five (5) detectors and
exposed then for fourteen (14) days of ***Ra (Radon Source) of activity
concentration 800 Bg/m’. The calibration process for detectors used in this
survey was carried out at the nuclear laboratory at physics department in The
Islamic University of Gaza (IUG). Since, average K was computed from the
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Bq.Day.cm’ . . .
measurements then, K= 23.36(%) where K is called the calibration

factor and standard deviation error was 10.5%. The overall uncertainty
calibration was estimated to be £10% [10]. Substituting the calibration constant
in equation (3.4) then, it becomes

Co(®y=2336(2) . 65)

This equation was used to determine the gross of alpha contamination at the
present work.

4.0 Results :

4.1 Results from CR-39 detectors :

Table (1) shows the gross gross alpha contamination in soil air. C is the average
contamination and S. D. is the Standard Deviation ( 1 pCi /L =37 Bg/m’).

Table (1) Results from CR-39

Location No. of | Min. Max. C S. D.
Detectors | Con.(Bg/m’) | Con.(Bg/m’) | (Bg/m’) | (Bg/m’)

1 D |20 3.17 23.47 8.87 5.93

2 M | 20 3.59 7.11 5.54 1.06

3 B |20 3.35 8.92 5.96 1.72

4 N |20 2.8 9.02 5.09 2.23

Average | 80 3.22 12.13 6.36 2.735

and equation (3.2), respectively. Figure (1) shows the average gross alpha
activity of B and D locations were found higher than M and N locations. There
was a study done by [9] showed similar results about the radon concentration
levels in air, D region and B are greater than the values in M and N. Also, the
result indicates that the difference between the minimum and maximum gross
alpha contamination in each location is very high. This large variation in gross
alpha contamination inside the location is due mainly to the difference type of
soil, porosity, permeability and moisture contents as well as meteorological and
seasonal variation.
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Figure (1): Gross Alpha Contamination in Each Location and S. D.

4.2 Results from Electra Plus :

The results obtained from Electra Plus showed the relation between the activity
in soil sample in unit of (CPM) and each region. Figure (2) showed the relation
between alpha activity and each region. We see that, alpha activity in M region
is greater than other regions D region is less than other region. Figure (3)
showed the relation between beta activity and each region. Also, beta activity in
D is greater than other regions. M region is less than other regions but in
general form the results obtained from Electra Plus showed the radiation level
in these regions is very low.
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4.3 Results from Geiger counter :

Figure (4) indicates the low levels radiation in soil samples in the studied area.
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Figure (4): The Activity in D Region (Geiger Counter)
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4.4 Results from Gamma Spectrometer:

Figure (5) showed the concentration in unit of (pCi/gm) to '*I in each region.
In M region, the concentration to '*I (1.47pCi/gm) is greater than other
regions, but in general form the activity is very low. In D region the
concentrations (0.14 pCi/gm) less than other regions because there are
difference in the distribution of rocks and radioactive material and soil
properties. Figure (6) showed the concentration in unit of (pCi/gm) to *'Co
isotope in each region. In N region the concentration to >’Co (0.26pCi/gm) is
greater than other regions because the soil contains different distribution of
radioactive materials results from rocks and from waste. In D region the
concentration to ~'Co (0.08 pCi/gm) is less than other regions because the
factories, which used *’Co in its products in D region.
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Figure (7) and Figure (8) showed the average concentration in unit of (pCi/gm)
to °'Cr and "*’Cs in each region. In B region, the average concentration to >'Cr
and *’Cs (0.78, 0.68) pCi/gm respectively, greater than other regions because B
region is closed to different types of waste such as medicine waste, industrial
waste and so on. However in D region, the concentration to >'Cr and ’Cs
(0.01, 0.28) pCi/gm respectively, less than other regions because D region far
away industrial waste. Figure (9) showed the concentration in unit of (pCi /g) to
2] isotope in each region, in D region, the concentration to '*’I ( 0.59 pCi/g)
is greater than other regions because '>’I used in medicine and in D region
there are medicine waste contained 40 years ago. Some of samples taken from
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place closed to the waste place so that the activity in D which concern '*1 is
very high.  In N region the concentration to '*I (0.14 pCi/gm) is less than

other regions because N region far away from the waste places.
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4.5 Results from Scintillation Counter :

Figure (10) sows the spectrum of soil sample for one region and indicates low
level of radiation. For calibration we used 60Co and 22Na sources , comparison
between these spectra and the soil spectra showed no peaks appear in the soil
spectra which indicates that the soil does not contain radiation or very low

content.
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Figure (10): Spectrum to Soil Number-39 in Nusairat region

4.6 Results from Chemical Analysis :

One sample of D region was treated with chemical way to determine the weight
of the total potassium in the soil sample and other nuclides using photo
absorption method, the selected sample was analyzed at Rural and
Environmental Center Islamic University-Gaza to obtain the weight of isotopes.

Name of isotope | mass of Sample | mass of
(gm) isotope(gm)

Total K 200 6.9x10~

K 200 6.9x107

Total Na 200 0.75

Total Li 200 3x10™

°Li 200 2.16x10~

'Li 200 2.75x10™

Total Co 200 -

Total Pb 200 -

Potassium is the primary source of internal radiation exposure, and an essential
mineral for life, the Potassium 40K is a natural radioactive isotope exist as 0.01
percent of all Potassium in nature, it enters the human body through the food
chain. The Lithium-6 isotope is 7.5 percent of all Lithium, but the Lithium-7
isotope 92.5 percent of all Lithium [12, 13].
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5.0 Conclusions :

In this study we measured radiation in soil in middle of Gaza using different
technique and different devices. The regions of study were divided into four
regions. Results obtained have shown a variation in the values of contamination
of alpha particles by using CR-39 techniques, this variation of radiation is due
to the type of soil, porosity and radium concentration. The present study
indicates that the nature soil of Gaza Strip has a very low level radiation, this
subject due to the small contents of radioactive materials in the soil. The
concentration of 1291, 1251, 57Co, 51Cr and 137Cs in the middle of Gaza Strip
soils were 0.14-0.59, 0.14-1.43, 0.08-0.26, 0.01-0.78 and 0.28-0.68 pCi/gm dry,
respectively.

The low concentration of '*I (0.14 pCi/gm) was observed in N and the highest
value (0.59 pCi/gm) in D. Similarly, the low concentration of '*I (0.14 pCi/gm)
was observed in D and highest value (1.43 pCi/gm) was seen in N. Significantly
higher level of '*I (2.45 pCi/gm) activity was found in the sample number-6 in
D region. One sample of D region, the results showed, there is **K and 'Li but
Cobalt not found in this sample. It is hard to compare different detectors results
since it is different methods , different device characteristics and different
radiation type measured.

6.0 Recommendations:

The present work suggest that more investigation about the radioisotopes in
different places in middle region of Gaza Strip are required, and to map the
gross alpha contamination in soil in Gaza Strip. It is important to starting with
making epidemiological studies of the general population to determine lung
cancer incidence due to high level of radiation, although there is hope for
future. This would give a good motivation to remedial the area of radiation
contamination and to protect people of radiation risks. We recommend
upgrading the existing equipments to get better quality and higher resolution
with new equipments.

ACKNOWLEDGEMENT

The authors thank the staff of the Physics Department in the Islamic University
(Gaza) for their support. Special thank are due to the Palestinian Energy and
Natural Resources Authority, Nuclear Energy and Radiation Protection

36



Maher O.El-Ghossain, and Raed M. Abu Saleh

Directorate for moral support. Thanks also due to Deanship of Scientific
Research at the Islamic University of Gaza for their partial financial support for
the present work.

References

[1] http:// www.darvill.clara.net/nucrad/index.htm.

[2] M. Chowdhury, et al., ”Environmental radioactivity of the st Martin’s
Island in Bangaldesh ” Vol. 39, No 1 , pages 13 to 2I,
Radioprotection,2004.

[3] National Radiological Protection Board, Documents of the NRPB, Vol. 1,
No. 1, Her Majesty’s Stationery Office (HMSO), London, U. K., 1992.

[4] Riyad Awad, Omar Abu Arquob, "the status in Health in Palestine",
Palestine Annual Report, 2002.

[5] Saeed A. Durrani and Radomir Ilic, "Radon measurements by etched track
detectors, "Applications in radiation protection, earth science and the
environment, printed in Singapore, 1997.

[6] David Bodansky, Maurice, A. Robkin and David R. Stadler, "'Indoor Radon
and Its Hazards", Univ. of Washington Press Seattle and London, second
edition, printed in the U. S. A., 1989.

[7] UNSCEAR-United Nation Scientific Committee on Atomic Radiations :
Sources and effects of ionizing radiation, A/AC-82/R, 441:113-120, 1986.

[8] J. Wiegand, "A Guidline for the Evaluation of the Soil Radon Potential
Based On Geographic and Anthropogenic Parameters"”, Environmental
Geology 40; 949-963, http://dx.doi.org/ 10.10071, s002540100287, 2001.

[9] Mahmoud Rasas, "Measurement of Radon and its Daughter's Concentration
Indoor and Outdoor throughout Gaza Strip", Islamic University of Gaza,
2003.

[10]M. M. Al-Kofahi, B. R. Khader, A. D. Lehlooh, M. K. Kullar,
"measurement of Radon-222 in Jordanian Dwellings", Physics Department,
Yarmouk University, 1991.

[11] Glenn F. Knoll, "Radiation detection and measurement ", Second edition,

Qc787. C6K56, 1989.

[12] Audeem W. Fentiman, Brian K. Hajek, Joyce E. meredith., OHIO State

university, What Are the Sources of Ionizing Radiation? RER-22.

[13] Fact Sheet, "Training on waste water monitoring-life", third projects,

Islamic University-Gaza, Palestine, 2004.

37



