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The non nuclear process industries supply a considerable contribution to the
radiological pollution of the environment . A comprehensive radiological studies for
determining radiation levels and radionuclides distribution in the environment of
Helwan city (the major industrial region in Cairo) are carried out. The radioactivity
concentrations of Ra-226 , Th-232 , K-40 and the man made Cs-137 in samples of soil
, plants , ores and products collected from and around some of Helwan factories were
analyzed using high resolution gamma spectrometers. A bad correlation between the
observed 137 Cs and 40 K was found. The collected water and factories waste water
samples were also analyzed by laser flourimetry .

The absorbed dose rates due to the natural radioactivity in the soil one meter
above the ground and the radium equivalent activities are calculated and presented .
The representative external hazard index values for the soil samples to be used as
construction materials are also estimated and given.

The results obtained are considered as reference values to be used in the case of
emergency action and as baseline data for drawing a radiological map of the city .
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Introduction

Helwan city is located in the southern part of Cairo . It coveres an area of 35 km2 - bounded to the
north by Kafr-EI-ellow , to the east by El-Autostorade way and to the west by the River Nile (l) . The
population in the region are 524,686 . They habit an area of 19.9 km2. Helwan city is considered to be
one of the most important industrial region in Cairo . It contains 21 facilities which represent 16.5 %
of the total industrial activities in Cairo <2>. It has different industrial activities ( Cement, Metallorigy ,
Metals , Spinning & Weaving , and many others ) which contribute directly to the pollution of the city

This radiological survey was carried out using gamma spectrometry and laser fluorimetry
techniques for determining the specific activity of the environmental samples collected from the city
and to evaluate the radiological impact of the non nuclear process industries on the environment.

EXPERIMENTAL WORK

I)Sampling Process :
Thirty - two soil samples were collected from the area around the factories and twenty-one soil

samples were collected from the city environment ( see the map in fig 1) .

Twenty plant samples were obtained from the same locations of the soil samples (around the
factories ) and seven samples were collected from the city environment.
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Fig (1) The Map of Samples Locations
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Thirty - five raw material samples and twenty product samples were collected from different
factories cover a wide range of the industrial activities in the city .

Twenty one water samples ( seven from River Nile , eleven from El-Khashab canal , two from
ground water ) were collected from the city environment . Fifteen waste water samples were also
collected from selected factories .

II) Sample Preparation for Gamma Measurements:
The soil samples were collected using a template 25x25 cm2 in area and 5 cm in depth (3) . The

samples were dried , sieved , packed in 1 liter Marenilli beaker and sealed for 4 weeks to reach secular
equilibrium between Ra-226 ( daughter of 238U) and its corresponding daughters to be measured by
gamma spectrometry (4) . The plant samples were cleaned from soil , dried at 84 °C for 48 hour ,
crushed and then packed in Marinilli beaker to be measured by gamma spectrometry .

III) Sample Preparation of Water and Waste Water Samples
For determination of uranium concentration in the collected water and waste water sample the

following steps were carried out (5):
1) Five milliliters of the sample were taken into quartz cell .
2) 2 ml of Fluran ( Sod. pyrophosphate , sodium dihydrogen phosphate ) was added to the

sample .
3) The photomultiplier tube was switched on to allow interaction of LASER beam with the

sample .
4) The meter deflection ( Rs ) was observed and recorded . The reading is corresponding to the

uranium concentration in the sample .
5) The steps above were repeated for uranium standard , where (Rsl) corresponds to the

concentration of uranium in the standard . ' •

METHODS OF ANALYSIS

1-Gamma Spectrometry :
The gamma measurements of the natural radionuclides series depend on the assumption of secular

equilibrium , where the rate of decay of the daughters becomes equal to the rate of decay of the parent

Two HPGe detectors were used for carrying out the analyses. The first is coaxial configuration
detector , TENNELEC model ,with relative efficiency 30% . The other is planner configuration ,
CANBERA . with relative efficiency 50% . For both detectors , the resolution is 1.95 keV (FWHM) at
1.333 MeV of Co-60 .

The systems were energetically calibrated using U7"Cs and 60Co point sources . The absolute
efficiency curve was obtained using KCI standard solution and Ra-226 point source (7).

The gamma lines ; 351.9 keV ( Pb-214 ) , 609.3 keV ( Bi-214), 1120.3 keV (Bi-214)and 1764.5
keV ( Bi-214) were used for determining Ra-226 ( daughter of m U) . The y- transitions 338.34 keV
( Ac-228 ) , 583.0 keV ( Tl-208) , 91 l.lkeV ( Ac-208) were used for determining Th-232 series ,
K-40 and Cs-137 were measured by their y lines 1460.7 keV and 661.6 keV respectively.

2- Laser Flourimetry :
The analysis was carried out using UA-3 uranium analyzer .Time resolved laser induced uranyl

flouresence provides a sensitive technique for the determination of uranium in aquoes solution . The
measurements are performed by a laser fluorimeter based on the fluorescence of uranyl complex that
are formed by the addition of buffered inorganic complexing reagent ; ( FLURAN) ( Sod.
pyrophosphate , sod. dihydrogen phosphate ) to the sample . Laser flourimetry has been selected to
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analyze uranium because it provides a simple and accurate method with a detection limit which is
sufficiently low to measure environmental samples with low uranium content(8) the detection limit in
water is around 0.05 ng/g with precision about 15% .

The uranium concentration in the water sample was calculated using the equation ,

Where Us is the concentration of uranium in the sample and
Usl. is the concentration of uranium in the standard

RESULTS AND DISCUSSION

I) Results of Gamma Analysis
* Soil Samples Around the Factories :

The average activity concentration of 226Ra , 232Th , 40K and l37Cs are 23.4 , 10.4 , 170.6 and 0.7
Bq/kg respectively . Figs. (2-4) represent the measured activities .

For comparison , the average activity concentration of 226Ra , 232Th and 40K in the soil samples
collected around the factories in 10 "' of Ramadan City were found to have the values : 6.0 , 5.0 and
98.3 Bq/kg , 13.0 , 8.0 and 149.0 Bq/kg , 9.0 , 12.0 and 182.3 Bq/kg and 6.2 , 7.0 and 69.0 Bq/kg (9)

respectively.

* Soil Samples from the City Environment:
The average activity concentrations of 226Ra . 232Th , 40K and l37Cs in the collected soil samples

were 19.4 , 11.4 , 190 and 0.4 Bq/kg respectively . Figs. (5-7) represent the measured activities .

It is generally considered that the natural environmental radiation content depends mainly on the
geology and geography . The distribution of natural radionuclides in soil is usually assumed to be the
same as that of their mother rocks (l0)

It is observed that, there is a positive correlation between the radionuclide concentration and the
organic matter content in the samples , where the organic matter adsorbs about ten times as much
readionuclides as clay . This is predominantly due to the high exchange capacity of organic matter(II).

It is alos observed that, there is a positive correlation between radioactivity concentration and clay
content . The calyey soils show somewhat higher levels than the sandy soils . The particle size of the
the soil may influence its radioelement concentrations ^ . The small grain size soils show increasing
in surface area causing higher adsorption capacity . The adsorption capacity of soil decreases in the
order (l2) clay > silt > sand .

It is also observed that, there is a positive but week correlation between the radioactivity content
and the calcium carbonate content . Cations such as calcium are held on the surface of negatively
charged , colloidal , clay and organic matter in soil as exchangable ions , they can evidently be
replaced by and is usually in equilibrium with cations in soil solution (13) . Although radium was
adsorbed on soil in the presence of Ca>2 , the degree of radium adsorption decreased considerably as
calcium concentration increased . This phenomenon was influenced more by the maximum capacity of
the soil than by its affinity for Ra-226 (l4) . In the presence of substantial'amounts of calcium ,
however, radium becomes unexchangable and is associated with insoluble residues(l4).

From the results obtained , it is observed that 51 soil samples from the collected 53 samples have
22ARa / 232Th >1 followed the normal pattern of Helwan city which underline the sandstone type (15).

A bad correlation between the monovalent 40K and Ll7Cs (the correlation factor is 0.15) in the soil
samples was observed ( fig 8) . This is due to the origin of each isotope , therefore l37Cs is the result of
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Fig(2) The Activity Concentration of Ra-226 and Th-232 in the Collected Soil

Samples (Around Helwan Factories)
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Fig(5) The Activity Concentration of Ra-226 and Th-232 in
the Collected Soil Sample (Hehvan City Environment)
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Fig(8): The Correlation between the Activity Concentration of Cs-137

and K-40 in the Collected Soil Sample
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the global fallout which is affected by the metorologial conditions while 40K is a primordial element;
within crystal structure of the soil(16).

The average activity concentrations in all the collected soil samples are less than the international
values 35,35 and 370 Bq/kg for 226Ra, 232Th and 4Ok respectively (l6).

* Plant Samples Around the Factories
Twenty plant samples were collected around selected factories . K-40 is the only detected isotope

in the collected plant samples , its average concentration is 604.5 Bq/kg dry weight with range from
76.4 to 1754.1 Bq/kg. The lowest value was found in Manderine sample collected from Tourah Co. for
Cement , while the highest value was found in plant samples collected around El-Naser for Coke &
Chemical Co.

average activity

* Plant Samples of the city Environment
Seven plant samples were collected from the city environment . The

concentration of the detected 40K is 1 136.5 Bq/kg dry weight. The lowest value was found in grass
collected from Ein-Helwau while the highest value was found in sweet corn collected from Es-El-
Wallda , Figs. ( 9 & 10) .

1-2) Results of Ore and Product Samples
Thirty - five raw material and twenty-two product samples were collected from the selected

factories . The results obtained are given in the following table

Name of Factory

Seg\vart& Asbestose

Spinning&Weaving

Refractories

El-Naser for Coke

Iron & Steel

Cement Industry

Type of
Sample

Raw
Product
Raw
Product
Raw
Product
Raw
Product
Raw

Product
Raw
Product

No. of the
collected
Sample

9
1
4
1
3
6
1
1

1
13
9

Activity ( Bq/kg)

"6Ra
0.7-34.0
35.4
<DL
14.7
18.8-66.6
1.8-71.4
10.1
<DL
91.2-
532.4
206.4
2.2-28.0
12.3-35.6

2MJh

10.9-48.8
44.4
<DL
12.2
7.3-60.2
0.8-103.5
7.5
<DL
9.9-42.7

10.6
2.6-27.9
6.7-13.8

7.0-249.5
209.7
<DL
163.2
4.1
4.4-163.2
31.8
<DL
26.6-206.1

20.0
5.6-368.7
9.0-864.4

The highest value of Ra-226 was found in coarse iron collected from Iron &Steel Company while
the lowest value was found in limestone sample collected from Tourah for Cement Company .

For Th-232, the highest activity value was found in the brick kaoline collected from Egyptian for
Refractories, while the lowest value was found in powder magnezite collected from the same
company. For K-40 , the highest value was found in Pi-pass sample collected from National for
Cement , while the lowest value was found in magnezite sample collected from Egyptian for
Refractories .Cs-137 activity was found to be less than the detection limit of the systems used which is
about 0.1 Bq/kg .
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Fig (9) The Activity Concentration of K-40 in the Collected Plant Samples
(Around Helwan Factories)
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Fig(lO) The Activity Concentration of K-40 in the Collected Plant Samples
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• Water and Waste Water Analysis
Twenty one water samples ( seven from River Nile , eleven from El-Khashab canal , two from

ground water) were collected from the city environment. The activity concentration of 226Ra, 232Th
and K in the water samples measured by gamma spectrometry were found to be less than the
detection limit of the spectrometers used 0.6 , 0.7 and 3.0 Bq/1 respectively.

Fifteen waste water samples were collected from the selected Helwan factories. Fig (12)
represents the uranium concentration in the collected samples . The activity concentration of 226Ra ,
2"Th and 40K in the samples are lower than the detection limit of the HPGe detectors used 0.6 , 0.7
and 3.0 Bq/1 respectively.

II) Results of Laser Analysis :
• Water Samples front the City Envleonment

The total uranium concentration in the analyzed water samples was determined by laser
flourimetry . Fig. ( 1 1 ) represents the uranium concentration in the samples .

The average concentration of the total uranium is 0.3 ppb ( 3.7 mBq/1 ) and the activity ranges
from 0.07 ppb ( 0.87 mBq/1 ) to 1.25 ppb ( 15.5 mBq/1 ) . The lowest value was found in the water
sample collected from the thermal bathes while , the highest value was found in the ground water
collected from Ein-Helwan .

The concentration of uranium varies widely in natural water , this is due to its varied chemical
behavior in response to redox conditions from insoluble +4 valance in reducing conditions to
soluble +6 valance in oxidation condition (6)'

The concentration of uranium increases with increasing of the total dissolved salt (TDS) . It is
noticed that . the range of uranium concentration in the water of ground waters is due to the
mineralogical properties of the bottom of the wells and water resource (6) .

The normal content of uranium in natural waters as indicated by numerous surveys throughout
the world is very low from 0.05 ppb ( 0.62 mBq/1 ) to 6.5 ppb ( 6.2 mBq/1) ( I0).

The allowed level of uranium to be in drinking water is 1.2 mBq/1 to 120 mBq/1 according to the
WHO ( I 7 ) .

• Factories Waste Water Sample
The average concentration of the total uranium is 0.37ppb ( 4.6 mBq/1 ) and the concentration

ranges from 0.11 ppb ( 1.36 mBq/1 ) to 1.48 ppb ( 18.3 mBq/1 ) . The lowest value was found in the
waste water before treatment collected from Spinning & Weaving Company , while , the highest
value was found in the waste water ( industrial water and washing water ) collected from the same
factory .

DOSE ASSESSMENT

The absorbed dose rate one meter above the ground due to the radioactivity in the soil samples
collected around the factories and from the city environment were calculated using the following
equation

D= RKCK+ RR, CR, + R,h CTh (2)

Where D : the Absorbed dose rate ( nGy/h),
RicR-Ra ,RTII : Conversion factors , expressed in nGy/h per Bq/kg for K , Ra , and Th

respectively .
CK, Cu ,CTi, : The concentration of 40K , 226Ra (238U series ) and 232Th series respectively
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Fig (11) The Totoal Uranium Concentration as Measured by Laser
Fluorimetry in the Collected Water Samples
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Fig(13) The Absorbed Dose Rate Due to the Collected Soil Samples
(Around Helwan Factories)
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The calculated absorbed dose rates are given in figs. 13 and 14 .
The average absorbed dose rates are found to be less than the international average value 57 nGy/h(16).

RADIUM EQUIVALENT CALCULATION

The radium equivalent for the collected soil samples was calculated according to the following

Racq = CRa + 1.43CTi, + 0.076 CK (3)
e q u a t i o n (l4'l5):

The average radium equivalent in the soil samples collected around the factories is 61.3 Bq/kg
( 25.5-84.6) .The average radium equivalent of the soil samples collected from the city environment is
51.7 Bq/kg (29.1-96.3 ) .It is observed that the calculated radium equivalent is lower than the
recommended maximum value 370 Bq/kg (IS ' l9).

EXTERNAL HAZARD INDEX L.

The external hazard index due to the emitted y-rays of the samples used as construction materials

1 ( )

370 259 4810
are calculated and examined according to the following criterion :

Where , ARa, An,, AK : The Activity concentration of Ra-226 , Th-232 and K-40 respectively .

The calculated average external hazard index was found to be less than unity . This result leads
(according to OECD recommendations )<l8) to accept Helwan soil to be used as construction (building)
materials.

CONCLUSIONS

It is concluded that the industrial activities in Helwan city did not contribute in increase the
radiation levels of the city environment. Safety precautions should be applied for the Iron & Steel
company and Refractories Company as a result of the slight increase of radioactivity content in their
ore and products.

Based on the results obtained , it is observed that the radioactivity levels of Helwan city
environment ( soil- water- plant) are within the international values (UNSCEAR 99).

According to OECD recommendation values and the calculated external hazard index , the soil
samples of Helwan city are accepted to be used as construction (building ) materials .

The results obtained are considered as baseline data to draw a radiological map of the city . The
results are also considered as part of the data collected by the National Center for Nuclear Safety and
Radiation Control and CLERMIT" for drawing a radiological map for the Egyptian environment and
to be used in the case of emergency actions .
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