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ABSTRACT 
 

Manganese ore is widely used in many industries. Such as ore contain natural 
radioactive nuclides at various concentrations. If this ore contain high 
concentrations of natural radioactive nuclides, workers handling them might 
be exposed to significant levels of radiation. Therefore it is important to 
determine the radioactive nuclides in this ore. Also the regulation of radon 
concentration at workplaces has gained an accentuated importance in all 
countries. Nevertheless, at this time there is no globally accepted workplace 
protocol that sets out safe radon concentration values. In this study the radon 
concentration measured by using an Alpha Guard radon monitor, the 
equilibrium factor which was  greater than the value given in literature, 
effective radiation dose, which are necessary for the exact estimation of the 
radiation dose originating from radon. The regulation of radon concentration 
at workplaces has gained an accentuated importance in all countries. 
Approach: The natural radionuclides (238U, 232Th and 40K) contents of 
manganese ore samples collected from Umm Bogma, southwest Sinai and from 
the mountain access Hamid South Eastern Desert,  Egypt have been 
determined by low background spectroscopy using hyper-pure germanium 
(HPGe) detector. Results: The mean activities due to the three radionuclides 
(238U, 232Th and40K) were found to be 1500±65, 490±65 and 364±45 Bqkg-1, 
respectively. The absorbed dose rate due to the natural radioactivity in 
samples under investigation ranged from 1522±45 → 1796±43 nGyh-1. The 
radium equivalent activity varied from 3807±114→ 4446±133 Bqkg-1.The 
representative external hazard index values for the corresponding samples are 
also estimated. Conclusion: The results of this assessment obtained by the 
gamma-ray spectroscopic analysis, have indicated that the levels of natural 
radioactivity were lower than the international recommended limits. 

 

Keywords: Natural radionuclides / Dose estimation and assessment / Radiation 
protection /  Manganese ore mine / Equivalent activity / radiation hazard index / 
gamma spectrometer / Radon /  Alpha-Guard . 
 

1- INTRODUCTION 
 

Manganese from the transition elements, as it is located between the chromium and iron. In 
spite of the limitations of what was known about it and its uses in a pure case. The manganese 
is great of an importance in practice and that is basic component in steel industry in the form 
of Ferro manganese (manganese, which contains almost (80%) manganese). Also manganese 
dioxide is used  as a dryer, or as a catalyst in paint, varnish and remover of color in the glass 
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industry, and in the dry batteries, remover of colors in oils, and as a catalyst for oxidation in 
analytical chemistry. Also introduces the components of manganese within the composite for 
agriculture, and within the components of animal foods. Manganese melts at the temperature 
1244 ± 3 °C, and boils at 2095 °C. It is oxidation in the air and as the temperatures increased 
is cover by brown oxide. A manganese minerals like that Pyrolusite, which occurs in all ore 
deposit and represent the most abundant  manganese mineral. It is found as new prismatic 
crystals with transversal cracks which is the result of decrease in unite cell dimensions due to 
the loss of the hydroxyl group of manganite as a result of dehydration of manganese and 
transformation into pyrolusite. Psilomelane(Ba- bearing manganese oxide ) and 
cryptomelane( K-bearing manganese oxide) are similar to each other in their X-ray 
differaction patterns. It has been possible to distinguish between them by spectrographic 
analysis where psilomelane shows strong Ba lines and cryptomelane show strong  K  lines. In 
general pyrolusite and polianite are similar in their crystal lattice and accordingly to their X-
ray powder patterns. Gangue minerals in the manganese ore include calcite, gypsum, goethite, 
hematite and barite. The most important producing countries are: Russia, China, South Africa, 
India, Indonesia and Morocco. An established fact that all the construction material contains 
trace amount of natural radioactivity. This activity in a major source of external and internal 
radiation exposure to the occupants of the industry. The most commonly radio nuclides in the 
construction materials from gamma-radiation are  uranium and thorium series together with 
potassium (Luigi et al., 2000). Research on health  risks caused by the naturally occurring 
radioactive noble gas radon and its progenies has gained great attention, in particular those 
aspects related to controlling high radon concentrations (ICRP65, 1994; USEPA, 2004) and to 
regulating the air quality in workplaces (SSI, 1999; Gooding and Dixon, 1992; Risica, 2001). 
Since workers spend an average of approximately 2400 h per year at their workplaces, the 
radiation exposure from radon in the workplace could be significant in cases when the radon 
concentration is relatively high (Scivyer and Gregory, 1995; Dixon et al., 1996). 
Radon isotopes are amongst the members of radioactive series of Uranium and Thorium and 
are practically inert and have the properties of gases under conditions of geological interest.  
Radionuclides are present always in the natural environment. Natural radiation is usually 
classified as either cosmic or terrestrial radiation (El-Zakla et al., 2007). Large variations in 
dose rates of both cosmic and terrestrial radiation are found depending on where the 
measurements are made (Shenber, 1997). Measurements of natural radioactivity in 
environmental samples, especially in raw materials produced by mining are very important to 
determine the amount of change of the natural background activity with time as a result of any 
radioactive release (Iwaoka et al., 2009). Emanation of radon (222Rn), for example is 
associated with the presence of radium and its ultimate precursor uranium in the ground 
(Bossew and Lettner, 2007). The inhalation of its short-lived daughter produces is a major 
contributor to the total radiation dose to exposed subjects (UNSCEAR, 1993). Many studies 
have investigated the radioactive elements in different ore samples (Chau et al., 2008); 
however few studies have investigated the radioactive content of manganese (Mn) ore. 
Manganese is an essential trace element in the metabolism of all living organisms, animals or 
plants. Normally it is found in human blood with concentration <320 nmol L-1 and functions 
as a cofactor for some enzymes. Exposure of man to high levels of manganese leads to hyper 
manganese anemia (high Mn levels in blood) and defect in its metabolism with its 
accumulation in the liver and the basal ganglia is lethal (Tuschl et al., 2008). Also, manganese 
intoxication has been described in children on long term parenteral nutrition presenting with 
liver and nervous system disorders (Kafritsa et al., 1998). In adults, together with occasional 
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oral intake and product contamination with the element can lead to brain accumulation and 
neurotoxicity (Hardy et al., 2008). Manganese exposure is usually via inhalation (the risk 
varying with the manganese species involved and with particle size). There are specific 
measures to protect those working in manganese-related industry (or mining) such as reducing 
exposure levels and time of exposure and the use of exhaust ventilation (Kavasi et al., 2009). 
In addition to the risk of exposure to high doses, manganese provides another risk factor if the 
ore contains residual radioactive elements. This arises the our interest to investigate the 
potential of existence of residual radioactive elements in manganese ore, particularly with the 
increasing demand of using this ore in many industries including the steel industry in Egypt. 
The aim of this work is to determine the concentration of  natural radioactivity uranium, 
thorium and potassium in manganese ore produced by one of the local companies working in 
manganese mining. and to measure the surface radiation dose rate and the radium equivalent 
activity and radiation hazard index.  
Wherever the manganese ore samples are used in many industrial purposes, consequently 
there are specific measures to protect the working in the manganese ore  samples related 
industry such as reducing exposure levels and time of exposure and the use of exhaust 
ventilation.  The determination of the elements presented in manganese ore samples  by using 
X-ray florescence techniques (XRF). Describes the use of simultaneous TDA/TGA to 
measure the moisture content in manganese dioxide. TGA measurement at partial vacuum can 
accurately determine quantitative analysis in manganese dioxide and aid in determing the 
required heating and drying conditions for the chemical. 
 In this work presents some of the difficulties encountered in determining the average radon 
concentration, as well as the radiation dose originating from radon to the workers in a 
manganese  mine in Egypt. Manganese oxides, due to their structure, have good adsorption 
characteristics, and are therefore widely used in nuclear measurement techniques as well as for the 
selective enrichment of different radionuclides (Moore and Reid, 1973).  
1.1. Geological Origin 
The manganese ore samples are collected from some ore mines . The ore mines in Oleikat, 
Marahil and Um Sakran localities(West Central Sinai) and at Wade Kalahil(South Eastern 
Desert). The manganese ore minerals include pyrolusit, psilomelane and manganese. These 
minerals are associated with small amount of gangue minerals as calcite, barite, gypsum, salt, 
quartz and iron oxides. Manganese ore is found as lntricular bodies, veins and cavity filling. 
Most manganese  minerals represent the core of the masses with iron- minerals forming the 
peripheries. The host rocks are of calcaries sediment of Carboniferous age. The origin of 
manganese minerals is deposition from thermal water rich in Mn and Fe elements during 
Oligocene to  late Miocene . These elements have been leached from basaltic sheets of 
Tertiary volcanism in the West Central Sinai, or from the acidic igneous rock of Basement 
complex of southern Sinai ( El Shazly et al., ca63).                                                                                      
U and Th are present in the earth’s crust at an average concentration of 4.2 and 12.5 ppm,  
respectively (Wollenberg and Smith, 1990). When a geological formation containing 238U and 
232Th has not been disturbed (closed system) for more than a million years, the members of 
the individual decay series will have the same activity (Bq/kg) which is known as Secular 
Equilibrium. However, when the geological formation is not closed to radionuclide migration, 
226Ra can migrate and be deposited somewhere outside the formation. Then secular 
equilibrium will not exist and the growth of 226Ra by radioactive decay of its ancestors will 
not occur. 226Ra is said to be unsupported.  
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2. MATERIALS AND METHODS 

Five manganese ore  samples were collected from different places at Um Bogma area[Oleikat, 
Marahil and Um Sakran localities(West Central Sinai) and at Wade Kalahil(South Eastern 
Desert)].  Samples were stored for 30 days before its counting radioactivity to 224,226Ra  period 
to achieve the secular equilibrium λB >> λA between radium and its products and  then 
measure the samples 3600 sec. The energy and intensity of various gamma-ray lines have 
been measured using a  system  consist of Canberra coaxial High-Purity Germanium  detector 
(HPGe) which has a photo peak efficiency of 70% . The energy resolution of 2 keV Full-
Width at Half Maximum (FWHM) for the 1332 keV gamma-ray line of 60Co. A cylindrical 
lead shield of 5 cm thickness, which contains inner concentric cylinder of Cu with thickness 
of 10 mm, was used to shield the detector and to reduce the effect of background. The 
detector was cooled to liquid nitrogen temperatures and coupled to a PC-based 8K 
multichannel analyzer and an ADC with Genie 2000 for data acquisition and analysis. The 
calibration of the detector was carried out by using standard point sources 60Co (1173.2 and 
1332.5 keV), 133Ba (356.1 keV) , 137Cs (661.9 keV) and  22Na (1368.6keV) besides 226Ra 
(186.2keV). Absolute efficiency calibration curves are calculated for activity determination of 
the sample by using standard 226Ra, contained in the same cylindrical bottles as the samples. 
The samples were prepared with a uniform geometry. An empty bottle with the same 
geometry was measured for subtracting the background. The gamma-ray transitions of 
energies 1120.3 keV (214Bi) and 1764 keV (214Bi) were used to determine the concentration of 
the 238U series. The gamma-ray transitions of energies 911.1 keV (228Ac) and 2614 keV 
(208Tl) were used to determine the concentration of the (232Th) series. The 1460 keV gamma-
ray transition of 40K was used to determine the concentration of 40K in the samples as shown 
in Table (1) and their intensities. The spectra of the samples were perfectly analyzed using a 
special PC Genie 2000 software to calculate the concentrations of 238U, 232Th and 40K and 
their decay products. 
2.1. Gamma-Ray Spectrometer System:  

The instrumentation used to measure γ-rays from radioactive samples consists of a HPGe 
semiconductor detector, associated electronics, and a computer-based multichannel  analyzer 
[H.R. Verma, 2007] as shown in Fig. ( 1 ) 

 
Fig.1: Blocked diagram of HPGe γ-ray spectrometer system. 

2.2. SAMPLE COLLECTION AND PREPARATION 

Samples were collected from different places in one of the work sites of Egyptian manganese 
mine location ( Um Oleikat West Central Sinai. And from the Wade Kalahin South Eastern 
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Desert). Each sample, ~ 500 - 1000g,  was packed in a plastic container, sealed well and 
stored for 30 days before analysis  this allow the in-growth of uranium and thorium decay 
products and  prevent the escape of radiogenic gases 222Rn and 220Rn and allow secular 
equilibrium of  238U and it's  decay  products see Table (1). 

Table (1): The natural radionuclides, their gamma lines used and their intensities 
 [VIENNA, 1990]. 

 
Parent Max. Activity Daughter γ-ray energy Abundance 

238U 130 Bq/Kg 226Ra 186.2 3.29 
  214Pb 295.2 18.7 
  214Pb 351.9 35.8 
  214Bi 609.3 45.0 
  214Bi 1120.3 14.9 
  214Bi 1764.5 16.0 
  214Bi 2204.1 5.0 

232Th 85 Bq/Kg 212Pb 238.6 45.0 
  208TI 583.1 30.0 
  228Ac 911.1 29.0 
  228Ac 968.6 17.5 
  208Tl 2614.7 36.0 

40K 1600 Bq/Kg  1460 10.67 
 

3. RESULTS AND DISCUSSION 
 

3.1. Natural specific activity measurement 
 
The activity levels for radionuclides in the measured samples are computed using the 
following equation [ Amrani D(2001) ]  
 

 A = ( cps)net   ̸   Ɛff IƳ m               (1)  
( cps)net  = ( cps)sample - ( cps)B.G          

 
Where: 
A          = The activity level of a certain radionuclide (Bq/ kg) 
(cps)net   = The net count rate of the sample (counts / seconds) 
Ɛff       = The detector efficiency for the specific gamma ray energy 
Iγ         = The intensity of gamma-line in a radionuclide 
m       = The dried sample mass in kilograms. 
 
Activities due to the presence of 226Ra, 232Th and 40K  radio nuclides have been determined in 
the samples. The minimum, maximum and mean activity values of 226Ra,  232 Th and 40K 
found in these samples are listed in Table 2. As may be seen in this table the measured values 
of activity in the samples due to 232Th vary from 490 Bqkg-1  to 6   Bqkg-1, 226Ra activities 
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vary from 1500 Bqkg-1 to 100 Bqkg-1 and variation in 40K activities ranges from 364 Bqkg-1  
to 116 Bqkg-1. 
The activity concentration is shown in Table 2 where all activity is lower than world average 
except value.  
 

Table 2: Minimum, maximum and mean activity concentration values for manganese 

ore samples. 
Radionuclide 

 
Minimum 

) Bq / kg ( 
Maximum 

)  Bq / kg ( 
Medium 

) Bq / kg ( 
238

U 100 1500 650 
232

Th 6 490 248 
40

K 116 364 240 
 

For 238U activity concentration was determined by measuring the 295.2 keV  ( 18.7 % ) and 
351.9 keV  ( 35.8.1 % ) gamma-rays from 214Pb and the 609.3 keV ( 45 % ) and 1120.3 keV ( 
14.9 % )  gamma-rays from 214Bi. 232Th activity was determined from the gamma-rays of 
238.6 keV            ( 45 % )  from 212Pb and 338.4 keV ( 12 % ), 911.1 keV ( 29 % ) and 968.6 
keV ( 17.5 % )  from 228Ac and 583.1 keV ( 30 % )  gamma-rays from 208Tl. 40K concentration 
was measured from its 1460  keV ( 10.67 % )  gamma-ray line. The obtained spectrum of the 
background gamma radiation was subtracted from the measured gamma ray spectra of the 
samples. The characteristic gamma-ray emitters are marked above the corresponding peaks. A 
selected spectrum for manganese ore sample is shown in the following figure.  
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       Fig. 2: Portion of Gamma ray spectrum for manganese ore  sample code 2. 
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 Fig. 3: Portion of Gamma ray spectrum for manganese ore  sample code 4. 
 

 
To assess the radiological hazard of the manganese ore samples, it is useful to  calculate an 
index called the radium equivalent activity, Raeq, defined according to the estimation that 1 
Bq / kg of 226Ra, 1.43 Bq / kg of 232Th and 0.077 Bq / kg of 40K produce the same γ-ray dose 
[Amrani D(2001)]. This index Raeq is given as: 
 

Raeq = CRa + 1.43 CTh + 0.077 CK        (2) 
 
Where CRa, CTh and CK are the activity concentration in Bqkg-1 of 226Ra, 232Th and 40K, 
respectively. The maximum value of Raeq in manganese ore samples must be less than 370 
Bqkg-1 for safe use (UNSCEAR, 1993), i.e., to keep the external dose below 1.5 mSv y-1. The 
values of Raeq are higher than criterion limit. In manganese ore  samples, the Raeq activity are 
not within the recommended safety limit when used in industry.  The calculated values of the 
radium equivalent Raeq for the studied manganese ore samples are given in Table 3. 
Another radiation hazard index, the representative level index, Hin , used to estimate the levels 
of  
γ-radiation hazard associated with the natural radionuclides in specific samples, is defined as 
[KAFALA S. I., 2007].  
 

Hin = (CRa / 150 ) + (CTh / 100 ) + (CK / 1500 )          (3) 
 
Where CRa, CTh and CK are the activity concentrations in Bq/kg of 226Ra, 232Th and 40K 
respectively. The values of  Hin  for the studied samples are given in table 3.  
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Table ( 3): Radium equivalent  activity (Bqkg-1), External Annual dose (mSv/y), 

Gamma-Radiation external and internal hazard (Hex, Hin ), Absorbed dose (nGy/h) and 
the Annual Effective Dose (µSvy-1). 

 
 

EAD  
( µSv y-1) 

Dose Rates 
nGy/h)( 

Hin Hex Raeq  Sample code

2.02±0.06 1796±43 93.145 12.01±.354446±133 1  
1.94±0.05 1586±51 914.90310.67±.313951±118 2  
2.10±0.06 1718±51 91.089 11.50±.344259±127 3  
1.90±0.05 1522±45 574.22010.47±.313807±114 4  

 
 
3.2. Radiation  Hazard  Index 
 

This factor is used to estimate the level of gamma radiation hazard associated with natural 
radionuclides in specific manganese ore samples. The external hazard index is obtained from 
Raeq expression through the assumption that its maximum value allowed corresponds to the 
upper limit of Raeq (370 Bqkg-1)  according to UNSCEAR, 1993. This index value must be 
less than unity in order to keep the  radiation hazard insignificant; then, the external hazard 
index (Hex) can be defined as the potential radiological hazard posed by the different samples 
was calculated using the following equation [Ngachina M, 2007],  
 

Hex =  0.0027CRa + 0.00386CTh + 0.000208CK                       (4)  

Where CRa, CTh and CK  are the specific activities of 226Ra, 232Th and 40K (in Bq.kg-1) were 
calculated for the investigated samples to indicate different levels of external γ-radiation due 
to different combinations of specific natural activities in specific manganese ore samples. In 
addition to the external hazard, radon and its short-lived products are also hazardous to the 
respiratory organs. The internal exposure to radon and its daughter products is quantified by 
the internal hazard index (Hin) which was given by the formula (3) (Beretaka and Mathew, 
1985).                   
3.3. External  Annual  Dose 

 
The external annual effective dose (EAD) is calculated for a room with dimensions of 4 m × 5 
m × 2.8 m, estimated that the samples is put. The equation used to calculate the annual 
effective dose may be defined as [H. H. Hussain et.al, 2010 and Ngachina M, 2007], The 
external annual effective dose (EAD) is calculated,  
 
EAD = (0.92 CRa+1.1 CTh+0.08 CK )  10-9 (Gy/ h)  (0.7 Sv/ Gy) (24 365  0.8 /y)    (5) 
 
Where, 0.92, 1.1 and 0.08 are the specific dose rates of Ra, Th and K, respectively; with an 
estimated indoor occupancy factor of 0.8. 
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The variation of the activity concentration (Bq/kg) of 
238

U, 
232

Th and 
40

K radionuclides in the 
collected samples in location of manganese ore samples Company   is represented in Table 
(3).  
It is well known that the acceptable total absorbed dose rate (D) due to gamma radiations and 
absorbed by the staff operators surrounded by materials containing radionuclides of 226Ra, 
232Th and 40K should not exceed the average world value of 0.055 mGy/h (UNSCEAR, 1993). 
Therefore, dose rate in outdoor air at 1 m above the ground was calculated as  
 

          D = R
Ra

 C
Ra

 + R
Th

 C
Th 

+ R
K

 C
K

                      (6) 
The absorbed dose in tissues are calculate using the conversion factor in ( nGy/h) , which are 
Known to be R

Ra
 =  0.427 for 

226
Ra (238U-series), R

Th
 = 0.662 for 

232
Th and R

K
 = 0.0437 

for
40

K.  The equivalent dose rate is calculated by  
 

D = ( 0.427 C
Ra

 + 0.662 C
Th 

+ 0.043 C
K

 ) ˟ 10-3
            (7) 

 
Where C

Ra
 , C

Th
, and C

K
 are the activities (Bq/kg) of 226Ra (238U-series), 232Th and 40K, 

respectively expressed in Bq/ kg. 
 
The U-238, Th-232 and K-40 in NORM samples activity concentration values reported in this 
study are less than the international recommended limits. 
3.4. Radon  Emanation  Coefficient and  Radon Exhalation Rate of  the                              
   Manganese Ore Samples (Active Method)  
 
The active method for measuring radon exhalation rate is carried out in Zagazig University, 
Faculty of Science, Physics Department by using the pulse type ionization chamber (Alpha 
Guard, Genitor Instruments, Frankfurt, Germany). Alpha Guard was calibrated in Egyptian 
National Institute for Standard. Each sample and Alpha Guard monitor were placed together 
at the same time in the Alpha Guard chamber as shown Fig. 9. Alpha Guard chamber is a 
container consisting of a firm corrosion-resisting stainless steel container with a removable 
gas-tight lid. The container dimensions were 45.0 cm diameter and 31.7 cm height. Its volume 
was 50.4 liters. The lid was equipped with three gas-tight electric ducts. One duct server, 
together with a special charger, was used as a power supply for the radon analyzer or monitor. 
The second duct was used to connect the fan in the middle of the inner side of the lid to the 
power supply, by means of a power adapter. The fan was used to ensure an even distribution 
of the radon exhalation from the sample in the interior of the container. The third duct 
provided communication between the Alpha Guard in the interior of the container and an 
external PC. The concentration of radon emanated from each sample inside the exhalation 
container was allowed to build up with time and, was measured in every one hour in diffusion 
mode of Alpha Guard monitor system to avoid thorn gas concentration effect for an average 
time of 3 days. For the Alpha Guard (diffusion mode), the sensitivity for thorn is about 10% 
of radon sensitivity            T. ISHIKAWA; (2004). Moreover, the typical manganese ore 
samples show the radium concentration is higher than thorium. Even if we assume the radon 
and thorn exhalation rate are the same, the effects of thorn on measured concentrations can be 
neglected. A direct measurement  
concentration at a time t during the growth of radon inside the chamber. From the radon  
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radon concentration in the sealed space which is the expected concentration at t >30 days) can 
be estimated. The radon exhalation rate of any sample, is defined as the flux of radon released 
from the surface of material, was also calculated. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. ( 4 ): Radon growth curve for Manganese ore sample code number 1, 2, 3 and 4 
respectively. 

 
For manganese ore sample 2, 3, as an example, the Equilibrium Radon Conc.                           = 
107  Bq,  1365±35  Bq  and  the  Radon  emanation  coefficient  (EC)  =0.0743±0.0146, 
0.0296±0.00076  gmm‐3  and  radon  exhalation  rate  =4.2693E‐06,  4.87305E‐05          Bqm‐2s‐
1respectively. 
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Fig. ( 5 ): Daily average Radon (222Rn) concentration  curve in four manganese ore 
samples.  

The radon concentration of all samples was measured with ALPHA GUARD (active method) 
which as a very simple and reliable technique for exhalation rate measurements. The radon 
concentration is measured as a function of time directly from the software of ALPHA 
GUARD which set to the PC control system. The equilibrium radon concentration of the 
manganese ore samples was calculated and ranged from high radon concentration of 
manganese ore samples with code number 1, 2 to lower radon concentration of samples with 
code number 3, 4 . 
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Fig. (6): Schematic diagram showing the active setup used for the exhalation measurements of 
samples with ALPHA GUARD. 

 

To   determine   the   radon  ( 222Rn )  emanation  coefficient ( EC ),  the  samples code 
number 2 were initially counted for 3 days, and counted again after reaching the radioactive 
equilibrium between 222Rn decayed from 226Ra and its respective short-life daughters. The 
222Rn(EC) was determined using the formula described by ( White and Rood, 2001; El Afifi 
and Awwad, 2005 )  

222Rn (EC)  =  NRn ˟ m  / ( NRa ˟  V )         ( 8 ) 
E = NRn ˟  V ˟ λ / sample surface area       ( 9 ) 
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where 222Rn (EC) is the radon emanation coefficient, NRn is the equilibrium Radon 
concentration , NRa is the Radium concentration, λ is radon decay constant (2.1×10-6 s-1), V is 
the Sample volume, m is the mass sample and E is the radon exhalation rate. The value of 
Rn(Ec) for sample with code 2, 3 is equal to (EC) =0.0743±0.0146 gm m-3, 0.0296±0.00076 
gm m-3 respectively. 
 

3.5. XRF analysis 
 

Table (4) and Fig. (7) represents the analysis of the  manganese ore samples using  the 
XRF technique. The data showed major elements Ca, Mn, Fe, Zn, Sr, Rh, Ba,  and La 
(Qualitative Analysis), Fitting Coefficient: 0.1327. 
 

Table (4): Results of analysis of the manganese ore samples using XRF-technique 
(Quantitative Analysis). 

K ratio Intensity Sigma ٪mol ٪ms Element 
 

.0074169 1481 0.5180 1.0824 0.7740 20Ca 
0.6615427 453611 0.1585 92.0925 90.2710 25Mn 
.0374311 28851 0.1337 4.7248 4.7080 26Fe 
.0026239 2836 0.2467 0.5977 0.6971 30Zn 
.0022423 3122 0.1453 0.1672 0.2613 38Sr 
.0232775 8707    45Rh 
.0460195 5981 0.5005 0.7668 1.8791 56Ba 
.0341303 4810 0.4439 0.5687 1.4094 57La  

 

 

 
 

 

  

  

  

  

  

  

Fig. (7): Illustrates the analysis in one of the manganese ore sample by XRF Techniqu  

3.6. Differential thermal analysis (DTA) and Thermo gravimetric analysis (TGA) 
DTA as a method of material investigation and its  curve Figs. (8-11) can record the 
transformations where the heat is either absorbed or released. It used as a finger print for 
identification purposes. It was made for the examination of different materials and helpful for 
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better understanding of given results by x-ray diffraction, chemical analysis and microscopy. 
DTA can also be used for quantitative measurements (enthalpy measurements). The area 
under a DTA peak can be to the enthalpy change and is not a detected by the heat capacity of 
the sample. The obtained sample was analyzed by differential thermal analysis (DTA) and 
thermo gravimetric analysis (TGA) using analyzer (Shimadzu TGA- 50H) in Physics 
Department  Faculty of Science Cairo University was carried out in the temperature range 30 
– 800°C at a heating rate of 10°C/min in N2 atmosphere, which provides both mass losses Fig. 
(10) and thermal information  Fig. (11). For this testing, a small powder sample of the 
manganese ore ( 3.047mg) is being heated continuously up to 800°C, and during this process 
the samples  relative loss in weight (weight change sensitivity of 0.01 mg) is being measured 
over the time Fig. (8, 10). In Fig. (8) there are two endothermic peaks at temperatures of 
318.50 °C and 627.42 °C. The first one corresponds to decomposition of OH and the second 
correspond to decomposition of O. 
 

 
 
 
All the manganese oxides underwent phase transformation twice at 318.5 and 627.42 °C, 
accompanying endothermic reactions. No sharp variation in the TGA graph indicates the 
absence of sudden phase changes due to material weight loss. 
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4. CONCLUSION 
 

An investigation was carried out to find the concentration of Naturally Occurring 
Radioactive Materials (NORMs) in manganese ore samples which collected at different from 
some ore mines, Activity concentrations of 238U, 232Th and 40K in manganese ore samples 
were determined using an HPGe gamma spectrometric system. Concentrations ranged from 
100 to 1500 Bq kg−1 for 238U, 6 to 490 Bq kg−1 for 232Th and 116 to 364 Bq kg−1 for 40K. 
While NORM-contaminated equipment has been a concern in the manganese ore mines, the 
results of this investigation show that NORM contamination of Egypt equipment is 
significant. From the present results, it may be concluded that, for the studied samples NORM 
around location of manganese ore mines, the level of natural radioactivity and hazard 
parameters are less than the international recommended limits.  
Since radon and their progenies contribute with greater than the radiation dose received from 
natural and man made radiation sources [ W. Zahorowski; (1996) ],  it is important to 
understand the generation process of radon from different materials, their migration from this 
material and finally their entering process into outdoor atmosphere and indoor to our working 
places. Radon problem needs so much effort to solve, not only it is scientifically challenging 
but also due to its potential relevance to the quality of human life. Although the public interest 
in this problem is not as much as might be, a lot of efforts of many scientists all over the 
world have been done to complete characterize indoor radon concentrations and to reduce 
excessive level. The radon concentration of all samples was measured with Alpha GUARD 
(active method) which as a very simple and reliable technique for exhalation rate 
measurements. The radon concentration is measured as a function of time directly from the 
software of Alpha GUARD which set to the PC control system. The equilibrium radon 
concentration of the manganese ore samples was calculated and ranged from high radon 
concentration of manganese ore samples with code number 1, 2 to lower radon concentration 
of samples with code number 3, 4 which shows a typical growth of the radon. 
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