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226Ra, 228Ra and 40K radioactivity were analyzed and their 

radiotoxicity were assessed in drinking water samples collected from 

groundwater wells in El-Beheira governorate, Northwestern of Egypt. 

The average activity concentration of 226Ra,228Ra and40Kvalues in the 

study areas 4.59, 0.583 and 7.187 Bq/l, respectively. Three wells only 

were complying with WHO (2011) guidance level for 226Ra 

radionuclides for members of the public (1 Bq/l).The total annual 

effective doses radiation during water consumption for (226Ra,228Ra 

and 40K ) in the study areas  for adults estimated to range from 0.208 

to 3.716 mSvy-1 , which are much higher than the reference level of 

the committed effective dose recommended by the WHO (0.1 mSvy-

1).Properactions must be taken to treatment the groundwater from 

radionuclides in this areas to protect the population in the study areas. 

Additionally, Fe, Mn, Zn and Cu trace meals were measured in the 

same samples and their chemotoxicity were assessment. Theaverage 

concentrationare0.35, 0.45, 0.08 and 0.05mg/l,respectively.The 

majority of the studied wells fortrace meals complying with Egyptian 

permissible limit .Risk assessment due to intake of heavy metals 

around study areas where hazard quotient and hazard index is less 

than 1 meaning that no significant risk or systemic toxicity on the 

exposed population. 

   
                  Copy Right, IJAR, 2016,. All rights reserved.

…………………………………………………………………………………………………….... 

Introduction:- 
In Egypt, groundwater is considered the third water source for irrigation and other human uses after the River Nile, 

and irrigation canals and drains. In many parts of the Nile Delta area ground water is widely used for drinking and 

other domestic purposes (Fahimet al.1995). Fresh groundwater resources in Egypt contribute to some 20% of the 

total potential of water resources in Egypt (Allamet al.2002). Groundwater is an important source of domestic, 

industrial and agricultural water Supply in the world. It is estimated that approximately one-third of the world’s 

population use groundwater for drinking (Nicksonet al.2005) Therefore, groundwater is a valuable resource and it 
must be protected from any pollution. 
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It is critical that the groundwater contamination must be prevented and the contaminated groundwater at numerous 

sites worldwide be remediated in order to protect public health and the environment (Rowland, 1993). 

Measurements of natural radioactivity in drinking water have been performed in many parts of the world, mostly for 

assessment of the doses and risk resulting from consuming water (EL.Gamal et al. 2012).Human exposure to 

ionizing radiation is one of the scientific subjects that attracts most public attention (Badawy et al. 2015).Natural 

radionuclides, including potassium-40, and those of the thorium and uranium decay series, in particular radium-226, 
radium-228, uranium-234, uranium-238 and lead-210, can be found in water as a result of either natural 

processes(e.g. absorption from the soil) or technological processes involving naturally occurring radioactive 

materials (e.g. the mining and processing of mineral sands or phosphate fertilizer production)(WHO 2011).The most 

radiotoxic and most important radionuclides are radium, which is a known carcinogen and exists in several isotopic 

forms(Ahmed, 2004).Considering the high radiotoxicity of 226Ra and228Ra, their presence in water and the associated 

health risks require particular attention. It is known that even small amounts of a radioactive substance may produce 

a damaging biological effect and that ingested and inhaled radiation can be a serious health risk (Rowland, 1993). 

 
When radium is taken into the body, its metabolic behavior is similar to that of calcium and an appreciable fraction 

is deposited in bone, the remaining fraction being distributed almost uniformly in soft tissues (Wrenn et al. 

1985).When people are exposed to very high levels of radium for a long period, cancer of the bone and nasal cavity 

may result. Radium is highly radiotoxic and it builds up in the growing bones of babies and children where it can 

cause bone cancers(Ajayi and Adesida 2009)An important aspect of radium protection is the prevention of its entry 

into the human body, the critical pathway being ingestion through the food chain or drinking water (Ahmed, 2004). 

 

Heavy metals are stable and are extremely persistent environmental contaminants since they cannot be degraded nor 

destroyed. They produce adverse effects on health of human and other living beings in terrestrial and aquatic 

environment and affect the food chain (Sevgi et al. 2009). 

 

Materials and Methods:- 
Study areas:- 

The study areas consisted of three areas at El-Beheira governorate,northwestern of Egypt figur1. They are, Wadi 

EL- Natrun, Kom Hamada and El-Dilingat regions, domestic, industrial and agricultural water uses depend mainly 

on groundwater resources in these regions. El-Beheira governorate lies in the west of Delta region. It is bordered in 

the north by the Mediterranean Sea.Wadi EL- Natrun wells is located in the extreme arid zone with average annual 

rainfall of 55mm/year and potential evapotranspiration is about 8.5 mm/day (EL-Awady et al. 1997), where Kom 
Hamada and El-Dilingat wells located in agricultural land. 

 

Collection of the samples:- 

The water samples were collected from 12 productive wells distributed in the three districts, Wadi El-Natrun, Kom 

Hamada and El-Dilingat regions figure 2 the samples collected during October, November and December month of 

2013.Radionuclides measurementssample bottles were washed out with the filtered water to be sampled,Water was 

acidified immediately with nitric acid, evaporation technique was used to concentrate the samples from 5L to1 L for 

radionuclides measurements. Each water sample was collected in 1-liter new plastic bottle polyethylene for 

measurement heavy metals. 

 

Radioactivity measurements:- 
The radionuclides in groundwater was measured by gamma spectrometry system the method used were according to 

(IAEA) these radionuclides includes:- 

 

a. Radium-226,b. Radium-228,c. Single Potassium- 40  
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Fig 1:-Study areas 

 

 
Fig 2:-El- Beheira governorate and locations of the selected wells in study areas 

 

The annual effective doses due to water consumption (mSvy
-1

):- 

The annual effective dose (AED) was calculated with the intake of individual radionuclide and ingestion dose 

coefficients (mSvBq-1) reported by the International Commission on Radiological Protection (ICRP). 

Mediterranean Sea 

Egypt Red 

Sea 
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The calculating the annual effective dose (AED) per person is given by Eq. (1). 

AED =ΣIi⋅365 ⋅Di   (1) 

Where Ii is the daily intakes of radionuclide I (Bqd-1), and the ingestion dose coefficient Di for226Ra, 228Ra and 40K 

where Dose coefficient for ingestion for radionuclides by adult members of the public. (mSv/Bq) respectively 
(2.8x10-4

, 6.9x10-4and 6.2x10-6)Data supplies(IAEA, 1996;WHO, 2011) 

 

Radiation risk characterizations:- 

The risk incurred by the consumer is estimated by assuming linear dose-effect relationship with no threshold as per 

international commission on radiological protection (ICRP, 2008, WHO, 2011)practice. For low doses ICRP fatal 

cancer risk factor is 0.055 Sv-1.The cancer risk was estimated using the following the Eq. (2). 

 

Risk = Dose (Sv) × Risk factor (Sv
-1

)  (2) 

 

The estimated cumulative annual dose to using life-time (70yr.) exposure, the Eq. (3) can be written as the following 

the Eq. (3) (Tawalbeh et al. 2012). 

 

Risk = Dose (Sv) × 0.055 (Sv
-1) x 70 (yr.)  (3) 

 

Heavy metals measurements:- 

Heavy metals (iron, manganese, zinc and copper) measured by using atomic absorption technique (AAs) (thermo 

elemental dueel beam –UK). 

 

Risk assessment for inorganic chemicals:- 

The risk assessment for inorganic chemical can be carried out by calculating the exposure dose through ingestion of 

water by using the following the Eq. (4) (OEHHA, 2003). 

𝐃𝐨𝐬𝐞−𝐰 =  
𝐂𝐰𝐱𝐖𝐈𝐑𝐱𝐀𝐁𝐢𝐧𝐠𝐱𝐄𝐅𝐱𝐄𝐃𝐱𝟏𝟎−𝟔

𝐀𝐓
(4) 

Where: 

Dose-w; Exposure dose through ingestion of water (mg/kg/d) 

Cw; Water concentration (μg/l) 
WIR; Water ingestion rate (ml/kg BW/day) 

ABing;Gastrointestinal absorption factor 

EF; Exposure frequency (days/year) 

ED; Exposure duration (years) 

10-6; Conversion factor (μg/mg) (l/ml) 

AT; 25,550 days 

 

Risk characterization for chronic health effects from exposure via the oral route is also conducted by using the 

hazard index approach. The hazard quotient (HQ) is obtained by Eq. (5).(OEHHA, 2003). 

𝐇𝐚𝐳𝐚𝐫𝐝 𝐐𝐮𝐨𝐭𝐢𝐞𝐧𝐭 𝐎𝐫𝐚𝐥 =  
𝐄𝐱𝐩𝐨𝐬𝐮𝐫𝐞𝐏𝐚𝐭𝐡𝐰𝐚𝐲𝐃𝐨𝐬𝐞 (𝐦𝐠/𝐤𝐠−𝐝𝐚𝐲)

𝐂𝐡𝐫𝐨𝐧𝐢𝐜 (𝐨𝐫𝐚𝐥) 𝐑𝐞𝐟𝐞𝐫𝐞𝐧𝐜𝐞𝐄𝐱𝐩𝐨𝐬𝐮𝐫𝐞𝐋𝐞𝐯𝐞𝐥 (𝐦𝐠/𝐤𝐠−𝐝𝐚𝐲)
        (5) 

 

The hazard quotient (HQ) has been defined so that if it is less than 1.0, there should be no significant risk or 

systemic toxicity. The HQ <1 means the exposed population is assumed to be safe. Ratios above 1.0 represent a 

potential risk.When exposure involves more than one chemical, the sum of each the individual hazard quotient for 

each chemical used as a measure of the potential for harmful. This sum of each individual hazard is called the hazard 

index (HI) Eq. (6) (Gerba ,2006 ). 

HI =  𝑯𝑸𝒏
𝒊=𝟏   (6) 

Where n is number of chemicals. 

 

Results and Discussion:- 
Result of the average level of radionuclides in the investigated groundwater (Bq/l):- 
226

Ra:- 

The data in Table1 show that the activity concentration of 226Ra values in the study areas ranged from <0.05 to 16.55 

Bq/l and average value 4.59 Bq/l, the minimum value was recorded in Mghnine and BaniSalamaElgdied well in 
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Wadi El-Natrun area where the maximum value was recorded in ZawietElbihre well in Kom Hamada area this 

raising due to geological of the area where the predominance of bicarbonate ion. The chemical properties of radium 

are similar to other alkaline earth elements, particularly barium and calcium. And radium is most mobile in aquifers 

with high concentrations of dissolved solids (Benes et al., 1984;1985).  

 

Three wells only were complying with (WHO, 2011) guidance level for 226Ra radionuclides for members of the 
public (1Bq/l) are BaniSalamaElgdied well, ELHamra well and Mghnine well. Radium is highly radiotoxic and it 

builds up in the growing bones of babies and children where it can cause bone cancers (Ajayi and Adesida ,2009). 

Therefore the use of these water for babies should be discouraged in this areas. People of suffer substantial internal 

exposure from these drinking waters. These results were in agreement with (El-Gamal et al., 2013) studied the 

activity concentrations of 226Ra on water samples collected around Assiut Thermal Power Plant (ATPP), Upper 

Egypt. Two samples were collected from the pond and three samples from groundwater wells, which are quite close 

to the plant. The concentrations of 226Ra, ranged from 1.83 to 18.53 Bq l-1. 

 
228

Ra:- 
The data presented inTable 1 show that the activity concentration of 228Ra values in the study areas ranged from 

0.173 to 2.398 Bq/l and average value 0.583 Bq/l, the minimum value was recorded in Abo Smada well in El-

Dilingat area where the maximum value was recorded in Elwfiea well in El-Dilingat area this raising due to 
geological of the area.It was noticed that in study areas the activity concentration of 226Ra values is greater than the 

activity concentration of 228Ra.All studied wells were not complying with (WHO,2011) guidance level for 228Ra 

radionuclides for members of the public (0.1 Bq/l). 

 

These results were in agreement with (Ajayi and Adesida, 2009) studied the activity concentrations of 228Ra. On 

groundwater two samples per brand of fifteen different sachet water samples ( from ground water) making a total of 

30 samples, were bought from their different producers in Akure, southwestern Nigeria. The activity concentrations 

of 228Ra, value varied from 0.04±0.01 to 7.04±1.16 Bq l-11 with mean 2.03±1.95 Bq l-1. 
 

40
K single:- 

The data presented in Table 1 show that the activity concentration of 40K values in the study areas ranged from 1.694 
to 10.07 Bq/l and average value 7.187 Bq/l, the minimum value was recorded in NadyElsid well in Wadi El-Natrun 

area where this well site on elevated area on the sea surface of 63 meters. The maximum value was recorded in 

BaniSalamaElgdied well in Wadi El-Natrun area this raising due to geological of the area. 

Table.1:-The average levels of radionuclides in the investigated groundwater (Bq/l).  

Well name 
226

Ra 
228

Ra 
40

k 

BaniSalamaElkadiem 4.47 0.829 6.438 

BaniSalamaElgdied <0.05 0.324 10.07 

El MadinaElsakinia 5.22 0.372 7.629 

NadyElsid 4.57 0.362 1.694 

EL Hamra 0.91 0.283 7.899 

Mghnine 0.66 0.216 6.451 

Wakied 2.53 0.398 8.19 

ZawietElbihre 16.55 0.603 6.344 

El Tod 3.35 0.538 8.304 

Elwfiea 2.77 2.398 8.307 

Abo Smada 5.55 0.173 7.061 

EbiaElHamra 3.93 0.507 7.860 

Min. <0.05 0.173 1.694 

Max. 16.55 2.398 10.07 

Average 4.59 0.583 7.187 

DL: 0.05 for 226Ra 

 

Increasing in the radionuclide concentration levels has various health effects on the populace. These could be 

genetic or somatic; the genetic effects could be transferred to offspring while somatic effects could ultimately lead to 

death depending on the level of exposure. These results were in agreement with (El-Gamal et al., 2012) studied the 

activity concentrations of 40K on fifteen water samples collected from Assiut, Upper Egypt. 13 water samples 
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collected from open wells, 2 drinking water samples were taken from the tap water system. Water activity ranged 

from 3.25 to 8.72 Bql−1 for 40K with mean values of 5.29 Bql−1. 

 

Result of total annual effective radiation doses during water consumption (mSv/y) for (
226

Ra, 
228

 Ra and 
40

K):- 

Figure 3 shows that the total  annual effective radiation doses during water consumption for (
226

Ra,
228

 Ra and
40

K ) in 

the study areas (Wadi El-Natrun, Kom Hamada and El-Dilingat) for adults( where annual average water intake 730 
liters) is estimated be ranged from 0.208 to 3.716 mSvy-1 with an average of 1.275; the minimum value was 

recorded in BaniSalamaElgdied well in Wadi El-Natrun area and the maximum value was recorded in ZawietElbihre 

well in Kom Hamada area. 

 
Fig3:- The total annual effective radiation doses during water consumption (mSv/y) for (226 Ra 228 Ra and 40K) 

 

Was noticed that the total annual effective radiation doses during water consumption for all wells in the study area 

are much higher than the reference level of the committed effective dose recommended by the WHO (0.1 mSvy-1), 

the use of these wells for drinking water for babies should be discouraged in the study areas. 

 
These results were in agreement with (Ajayi and Adesida ,2009) who studied the activity concentrations of 40K, 
226Ra, and 228Ra on groundwater two samples per brand of fifteen different sachet water samples, (from 

groundwater) making a total of 30 samples, were bought from their different producers in Akure, southwestern 

Nigeria.  The total annual effective doses varied from 0.68 to 5.04 mSv y-1 for adults (age from 17 year and above) 

due to the intake of 226Ra, and 228Ra, where annual average water intake 730 liters. Doses obtained from one year of 

consumption of drinking water are much higher than the recommended reference level.  

 

Result ofthe annual cancer risk due to water consumption in the study areas:- 

The data in Table 2show that the annual cancer risk dose due to water consumption in the study areas 
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Table2:- The annual cancer risk due to water consumption in the study areas. 

Well no. Areas Well name Annual cancer risk 

WHO limit  5.5 x 10-6 

1 Wadi El-Natrun BaniSalamaElkadiem 74 X 10-6 

2 Wadi El-Natrun BaniSalamaElgdied 11 X 10
-6

 

3 Wadi El-Natrun ElMadinaElsakinia 70 X 10-6 

4 Wadi El-Natrun NadyElsid 61 X 10-6 

5 Wadi El-Natrun ELHamra 20 X 10-6 

6 Kom Hamada Mghnine 15 X 10-6 

7 Kom Hamada Wakied 99 X 10-6 

8 Kom Hamada ZawietElbihre 204 X 10-6 

9 Kom Hamada El Tod 54 X 10-6 

10 El-Dilingat Elwfiea 99 X 10-6 

11 El-Dilingat Abo Smada 69 X 10-6 

12 El-Dilingat EbiaElHamra 60 X 10-6 

Min.  

 

 

 

 

 

11 X 10-6 

Max. 204 X 10-6 

Average 69.6 X 10-6 

 

 (Wadi El-Natrun, KomHamada and El-Dilingat) for all wells is estimated to range from 11 x 10-6 to 204 x 10-6 with 

an average of 69.6 x 10-6 the minimum value was recorded in BaniSalamaElgdied well in Wadi El-Natrun area and 

the maximum value was recorded in ZawietElbihre well in Kom Hamada area. It is noticed that the annual cancer 

risk dose due to water consumption in the study areas were much higher than the reference level recommended by 
the WHO (5.5 x 10-6) consequently, it can be recommended that the investigated water is not acceptable radiological 

for human health long- life consumption and a reduction in consumption or radionuclide concentration is essential. 

 

Result of the dose risk incurred by population along -life-time (70 year) due to water consumption in the 

study areas:- 

The data presented in Table 3shows that the dose risk incurred by population along -life-time (70 yr.) due to water 

consumption in the study areas (Wadi El-Natrun, Kom Hamada and El-Dilingat), for all wells is estimated to range 

from 770 x 10-6 to 14000 x 10-6 with an average of 4853 x 10-6,the minimum Value was recorded in 

BaniSalamaElgdied well in Wadi El-Natrun area and the maximum value was recorded in ZawietElbihre well in 

Kom Hamada area. Proper actions must be taken to treatment the groundwater from radionuclides in these areas to 

protect the population. 

Table 3:-The dose risk incurred by population along -life-time (70 year) in the study areas. 

Well no. Sites Well name Life-time risk 

1 Wadi El-Natrun BaniSalamaElkadiem 5180 X 10-6 

2 Wadi El-Natrun BaniSalamaElgdied 770 X 10-6 

3 Wadi El-Natrun ElMadinaElsakinia 4900X 10-6 

4 Wadi El-Natrun NadyElsid 4270 X 10-6 

5 Wadi El-Natrun ELHamra 1400X 10-6 

6 KomHamada Mghnine 1050 X 10-6 

7 KomHamada Wakied 6930 X 10-6 

8 KomHamada ZawietElbihre 14000 X 10-6 

9 KomHamada El Tod 3780 X 10-6 

10 El-Dilingat Elwfiea 6930 X 10-6 

11 El-Dilingat Abo Smada 4830X 10-6 

12 El-Dilingat EbiaElHamra 4200 X 10-6 

Min.  

 

 

 

 

 

770 X 10-6 

Max. 14000 X 10-6 

Average 4853 X 10-6 
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Results of trace meals in the investigated groundwater in study areas:- 

Iron, Fe:- 
In Table 4 show that the iron ion values ranged from <0.05to 0.77 mg/l and average value 0.35 mg/l, the minimum 

value was recorded in El MadinaElskinia , NadyElsid, Mghnine and El Tod well where the maximum value was 

recorded in BaniSalamaElkadiem well inWadi EL- Natrun area this raising due to geological and hydrogeological of 

the area and also there are a lot of the salt lakes, marches and lagoonal surrounding the BaniSalamaElkadiem well. 
The majority of the studied wells were complying with Egyptian permissible Limit (Egyptian Ministry of 

Health,2007) of iron 0.3 mg/l. These results were in agreement with(El-Naggar ,2010) studiedthe iron ontwenty-five 

groundwater samples collected from Siwa and Aghurmi in Siwa oasis, Egypt,the min. concentration 0.934, max. 

Concentration 1.23 and mean 1.14 mg/l. 

 

Manganese, Mn:- 
The data presented in Table 4 show that the manganese ion values ranged from <0.05to 1.4 mg/l and average value 

0.45 mg/l, the majority of wells (92%) were complying with Egyptian permissible limit (Egyptian Ministry of 

Health, 2007) of manganese 0.4 mg/l except EbiaElHamra well in El-Dilingat area (1.4 mg/l).  

 

These results were in agreement with (Stamatis et al., 2001) studied manganese on thirty-three groundwater samples 

in the Lavrio area Greece the concentration of manganese ranged from 0.001to 4.21 mg/l (mean of 0.23 mg/l) in 

unconfined aquifer and the concentration of manganese ranges from 0.002 to 0.15 mg/l (mean of 0.029 mg/l) in 

Karst aquifer where the high concentrationwas due to the intensive mining activities that were carried outfor 
centuries 

Table. 4:-The concentration of trace meals of the groundwater in the study areas (mg/l) 

Well name Iron Manganese Zinc Copper 

BaniSalamaElkadiem 0.77 <0.05 <0.05 <0.05 

BaniSalamaElgdied 0.1 <0.05 <0.05 <0.05 

El MadinaElskinia <0.05 <0.05 <0.05 <0.05 

NadyElsid <0.05 <0.05 <0.05 <0.05 

El Hamra 0.18 0.12 0.06 <0.05 

Mghnine 0.08 0.4 <0.05 <0.05 

Wakied 0.38 <0.05 0.1 0.05 

ZawietElbihre 0.29 0.3 <0.05 <0.05 

El Tod <0.05 <0.05 <0.05 <0.05 

Elwfiea 0.37 0.08 <0.05 <0.05 

Abo Smada 0.35 0.4 <0.05 <0.05 

EbiaElHamra 0.65 1.4 <0.05 <0.05 

Min. <0.05 <0.05 <0.05 <0.05 

Max. 0.77 1.4 0.1 0.05 

Average 0.35 0.45 0.08 0.05 

*DL =0.05 

 
the area of Lavrio is classified, from an environmental view, as a high risk area.Treating ground water to remove 

iron and manganese from municipal, agricultural and domestic wells is necessary among the different techniques 

mentioned; aeration followed by rapid sand filtration is most widely used and is the preferred method in the 

developing countries. 

 

Zinc, Zn and Copper, Cu:- 
The data presented in Table 4 show that the zinc ion values ranged from <0.05to 0.1 mg/l and average value 0.08 

mg/l, all wells were complying with Egyptian permissible limit (Egyptian Ministry of Health,2007)of zinc 3.0 

mg/l.The copper ion values ranged from <0.05to 0.05 mg/l and average value 0.05 mg/l all wells wereComplying 

with Egyptian permissible limit of copper 2.0 mg/l. 

 

These results were in agreement with (Ahmed et al., 2011)who studied zinc and copper on 52 wells. In El-Sadat city 

Egypt 14 shallow groundwater (<100 m) and 38 deep groundwater the  concentration of zinc ranges from 0.007 to 

0.361 mg/l (mean of 0.087 mg/l) in shallow well water and from 0.00 to 0.506 mg/l(mean of 0.088 mg/l) in deep 

well water. The concentration of copper ranged from 0.008 to 0.278 mg/l (mean of 0.045 mg/l) in shallow well 

water and from 0.00 to 0.293 mg/l (mean of 0.047 mg/l) in deep well water. 
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Risk assessment due to intake of heavy metals through the ingestion of ground water around study areas:- 

The data presented in Table 5 show that (average hazard quotient (HQ)) for risk assessment due to intake of iron 

(Fe) metal through the ingestion of groundwater in the study areas ranged from NA ( not applicable) and to 0.026, 

and for manganese (Mn) through the ingestion of groundwater on the study areas ranged from NA to 0.24, and for 

zinc (Zn) through the ingestion of Groundwater on the study areas ranged from NA to 0.008, and for copper (Cu) 

through the ingestion of groundwater on the study areas ranged from NA to 0.03. 
The average hazard quotient (HQ) for risk assessment due to intake of iron, manganese, zinc and copper through the 

ingestion of groundwater in the study areas is less than 1 meaning that no Significant risk or systemic toxicity 

 

In addition, no threat to the local people for Wadi El-Natrun, Kom Hamada and El-Dilingatearas. Table 5 show that 

(average hazard index (HI)) for risk assessment due to intake of iron and manganese and zinc and copper through 

the ingestion of groundwater in the study areas ranged from NA to 0.262 this value of hazard index (HI) is less than 

1 means the exposed population is assumed to be safe. 

 

These results were in agreement with (Giri et al., 2012) studied the hazard quotient (HQ) for risk assessment due to 

intake of heavy metals through the ingestion of groundwater on ten groundwater samples collected from each sit 

Bagjata and Banduhurang area, India taking into account average water consumption of 1.48 m3 year−1 by an Indian 

adult. The HQs of all the considered heavy metals were below the threshold value of 1 as suggested by (USEPA, 
1993). Where hazard quotient (HQ) for Fe, Mn, Zn and Cu are 0.05, 0.84, 0.11 and 0.01 respectively in Bagjata 

area, hazard quotient (HQ) for Fe, Mn, Zn and Cu are 0.04, 0.58, 0.08 and 0.01 respectively in Banduhurang area. 

The hazard quotients of all the considered heavy metals for drinking water were below 1 posing no threat to the 

local people for both Bagjata and Banduhurang mining area, India. 

 

Table 5:- Average hazard quotient (HQ) for heavy metal due to exposure through ingestion of groundwater. 

NA: not applicable 

 

Conclusions:- 
Groundwater is an important source of domestic, industrial and agricultural water supply in Egypt and the world.The 

most of wells in the study areas not complying with (WHO, 2011) guidance level for 226Ra and228Raradionuclides 

for members of the public (1.0 and 0.1 Bq/lrespectively).The total annual effective radiation of doses due to the 

water consumption violated the allowable limits of WHO – which is (0.1 mSvy-1) and the expected annual cancer 

risk doses due to water consumption in the study areas violated the allowable level, of WHO which is (5.5 x 10 -

6).Health risk assessment of heavy metals for population in the study areas posing no threat to local people.The 

monitoring of the groundwater quality from the different pointsinEl-Beheira governorate should be carried out on 

monthly base and modern and accurate techniques for treating the groundwaterto get rid of the radionuclides and 
different pollutants should be applied to save the health of all population. 

 

 

 

Well name 

Fe Mn Zn Cu Average hazard 

index average 

HQ 

average HQ average HQ Average 

HQ 

BanisalamaElkadiem 0.026 NA NA NA 0.026 

BaniSalamaElgdied 0.003 NA NA NA 0.003 

ElMadinaElsakinia NA NA NA NA NA 

NadyElsid NA NA NA NA NA 

ELHamra 0.006 0.02 0.004 NA 0.03 

Mghnine 0.002 0.068 NA NA 0.07 

Wakied 0.013 NA 0.008 0.03 0.051 

ZawietElbihre 0.009 0.051 NA NA 0.06 

El Tod NA NA NA NA NA 

Elwfiea 0.012 0.013 NA NA 0.025 

Abo smada 0.012 0.068 NA NA 0.080 

EbiaElHamra 0.022 0.24 NA NA 0.262 

Min. NA NA NA NA NA 

Max. 0.026 0.24 0.008 0.03 0.262 

Average 0.012 0.077 0.006 0.03 0.068 
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