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Abstract  Original Research Article 
 

Concentrations of NORM nuclides (
226

Ra, 
232

Th and 
40

 K), essential and toxic elements were measured in (10 

agricultural soil and 10 irrigation water) samples. The samples were collected randomly from 6 locations, within the 

plantation area from Makkah region Saudi Arabia. For activity measurements, gamma-ray spectrometry (HPGe) 

detector was used. In chemical analysis, Inductively Coupled Plasma Optical Emission (ICP-OES) and Mas Emission 

(ICP-MS) Spectrometry were used to measure the concentrations of soil and water respectively. Soil activity 

concentrations are (18.11, 16.12, 1603.73) Bq/Kg, in water are (1.57, 0.58, 118.44) Bq/l.Radium equivalent activity 

(Raeq), hazard indices (Hex and Hin) mean values in soil and water are less than the limits (370Bq/ Kg and 1). Mean 

values of total absorbed dose rate (DR) are greater than 57 (nGy/h) in soil, and less than 71.1 (nGy/h) in water. Annual 

effective doses (Deff) mean values are greater than 0.07 mSv/y in soil and less than permitted limit 0.41 mSv/y. ICP-

OES and ICP-MS were used to measure the concentrations of elements in soil and in water respectively. Esential 

elements concentrations (Al, Ca, Fe, K, Mg, Mn and Na) in soil are (7.738, 4.061, 5.691, 1.288, 2.778, 0.059, 1.683) 

higher than the guideline value. Toxic elements (As, Cd, Cr, Cu, Hg, Ni, Pb, Se and Zn) are within global values 

except Cr and Ni, they are excesses the permissible limits. Essential elements (Ca, Mg, Na, K, Fe) concentrations of 

water (155.83, 51.34, 343.6, 10.18, N D) are higher than the guideline values. Trace element (Cu, Cr, Hg, Mn, Ni,Se, 

Zn) concentrations are (1.66, 2.64, 0.03, 0.19, 4.95, 9.18, 58.67) are within permissible limits and guideline, except 

elements (Al, As, Cd, and Pb) are classified as a toxic. Effect of irrigation water containing heavy metals may be a 

reason for increasing the concentrations of heavy metals in agricultural soil. 

Keywords: NORM nuclides, Gamma-ray spectrometry (HPGe), Chemical Analysis (ICP-OES and ICP-MS), 

Agricultural soil and Irrigation water. 
Copyright © 2022 The Author(s): This is an open-access article distributed under the terms of the Creative Commons Attribution 4.0 International 

License (CC BY-NC 4.0) which permits unrestricted use, distribution, and reproduction in any medium for non-commercial use provided the original 

author and source are credited. 

 

1-INTRODUCTION 
Natural and artificial sources of radioactivity 

can be found in the environment. Natural radiation 

exposure accounts for the majority of total radiation 

exposure in the environment (Kohn, 1989). The 

majority of radiation is made up of gamma rays, which 

are produced by the radioactive decay of unstable nuclei 

(226Ra, 232Th, and 40K). Natural radionuclides are 

found in small quantities in all foods, they are 

transported from soil and water to crops to fish in their 

various environments. the concentrations of 

radionuclides from these natural radionuclides can rise 

depending on the type and geology of the soil, 

agricultural fertilizers, and climate (UNSCEAR, 2000). 

Human receive roughly 87% of natural radiation, it is 

vital to calculate these doses to control the detrimental 

effects of radiation (“Eval. Guidel. Expo. to Technol. 

Enhanc. Nat. Occur. Radioact. Mater.,” 1999). The 

study of natural radiation of these radionuclides in 

agricultural environmental samples is crucial for human 

health, as his food may be farmed in radioactive soil or 

irrigated with radioactive water, Human have been 

exposed to these radionuclides in two ways since the 

beginning of time: through direct food ingestion and air 

inhalation. As a result, dosage estimation is critical for 

radiation protection databases and geophysics research 

(Aswood et al., 2017) The purpose of this study is to 

measure the natural radioactivity content, annual 

effective radiation doses, external radiation hazard 

indices, and determent of element concentration in the 

agricultural areas of Makkah. 
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2- METHODOLOGY 
2.1 Sampling and Samples Preparation 

In Figure 1, thirty samples of agricultural environmental samples were collected from Saudi Arabia's western 

region (MAKKAH). 

 

 
Fig 1: Location map of the studied area samples 

 

Agricultural soil and irrigation water from the 

same agricultural environment were collected with a 

trowel and placed in a polyethylene bag. The soil 

samples were gathered at a depth of 10 cm and dried in 

the air for five days to confirm that they were 

completely dry and ready to grind. The dirt was 

processed in a specialized laboratory. To avoid self-

attenuation within the samples, soil samples were 

sieved with a 1 mm sieve to obtain a uniform powder 

(States & Radiation, 2019).(Ibikunle et al., 2019).Soil 

and water samples were filled in cylindrical plastic 

Marinelli containers of the same size, the weight of 

each sample is recorded and the containers are sealed 

with a thick adhesive tape to prevent leakage of 
222

Rn. 

Samples were stored for not less than two months to 

allow the restoration of the radiative balance between 
226

Ra and its progenies (International Atomic Energy 

Agency, 2019) (Matter, 2019). 

 

2.2 Measurements techniques:  

2.2.1 Gamma-ray spectrometry system: 

The activity of natural radionuclides in 

agricultural environment (soil and water) samples were 

evaluated using an (HPGe) detector with (2.0) Kev 

resolution at 1332.5 keV of Co-60 and (25%) relative 

efficiency. Genie 2000 software was used for data 

analysis and display. The system was calibrated for 

absolute efficiency and energy. The lowest limits of 

detection for 226Ra, 232Th, and 40K were (0.104, 

0.019, and 0.761) respectively. The measurements were 

taken for a total of 43,200 seconds. 

 

2.2.2 Inductively coupled plasma-optical emission 

spectroscopy for soil: 

ICP-OES is the technique of choice for many 

applications, including those in the environmental, 

geological, and food safety arenas. ICP-OES device 

analyses the rock samples and soil samples for trace 

elements, after converting the soil samples into 

solutions, digesting with appropriate acids and entering 

into the device in the form of solutions. This device 

depends on the analysis to read the emission intensity of 

the wavelength of the element to be analysed. 

 

2.2.3 Inductively coupled plasma- mass 

spectrometry for water: 

Inductively Coupled Plasma-Mass 

Spectrometry is a powerful technique of mass 

spectrometry technology that is able to analysis several 

of elements of the sample due to high sensitivity and 

capable of distinguishing between other isotopic for 

ions of choice. (Caballero, 2003). This device analyses 

water samples for trace elements by entering the sample 

directly into the device, for reading the mass of the 

elements to be analysed.  

 

2.3 Calculations 

The energies used for the calculation's concentrations: 

(a) 
214

Pb (295.09 and 351.87 KeV), 
214

Bi (609.31, 

1120.27 and 1764.49 KeV) for 
226

Ra. 

(b) 
228

Ac (338.42, 911.16 and 968.97 KeV), 
212

Pb 

(238.58 KeV), 
212

Bi (727.25 KeV),
 208

Tl (583.1 and 

860.4 KeV) for 
232

Th.  

(c)
 40

K (1460.80 KeV) for potassium. 

 

The activity concentrations in soil Bq/kg and 

water Bq/l samples were measured using following 

formula (Mugren, 2015): 

  (     
  ) = 

  

     
 ……………… (1) 

 

Where:    was the net gamma counting rate 

(per second), ε detector absolute efficiency of the 

specific γ-ray, Pr the transition probability of Gamma-

decay and Ms the mass of the sample (kg). Radium 

equivalent (Raeq) was calculated by equation (2) (Uosif 

et al., 2019)  

 

                                   

…………….. (2) 

 

Where:       ,        and      were specific 

activities (      ) of 
226

Ra, 
232

Th, and 
40

K 
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respectively. The absorbed dose rate (nGy/h) 1m above 

the ground due to the activity concentrations of 
226

Ra, 
232

Th and 
40

K (Bq/ kg) dry Weight was calculated using 

the equation(3) (UNSCEAR, 2000): 

D (nGy/h) = 0.462CRa + 0.604CTh 

+0.0417CK…………… (3) 

 

Where: CRa, CTh, and CK are the specific 

activities concentrations of 
226

Ra, 
232

Th and 
40

K in 

(Bq/Kg) dry weight respectively. The annual indoor and 

outdoor effective doses in units of mSv/y were 

calculated using conversion coefficient factors (0.7 

Sv.G/y to convert D nGy/h to D mSv/y), (0.8 for 

indoor, 0.2for outdoor) and (10
-6

 is the conversion 

factor between nano and milli) (UNSCEAR, 2000) in 

equations (4, 5): 

D (mS v/y) = D (nGy/h) × 8760 h/y ×0.8 × 0.7 

(Sv.G/y ) ×      …………… (4) 

 

D (mSv/y) = D (nGy/h) × 8760 h/y ×0.2 × 0.7 (Sv.G/y) 

×      ……….. (5) 

 

D (mSv/y) due to ingestion of water were 

calculated from equation (4) and D (mSv/y) for soil 

were calculated from equation (5). The external and 

internal hazard index (Hex) and (Hin) were calculated by 

following equations (UNSCEAR (2000):  

   =
   

   
 
   

   
 

  

    
 ≤ 1 ………. (6) 

  

   =
   

   
 
   

   
 

  

    
    …………… (7) 

 

3.1 Activity Concentrations and Radiation Hazards 

The activity concentration of natural 

radionuclides present in the soil and water samples of 

the selected area measured by direct gamma-ray 

spectrometry is given in Table (3.1). The results for 

natural radionuclides are calculated in Bq/kg on a dry 

weight basis for soil samples, while it calculated in Bq/l 

for water samples.  

 

Table (3.1): Activity concentrations of 
226

Ra, 
232

Th, and 
40

K in Bq/Kg for soil and Bq/l for water 

Concentrations in Bq/Kg for soil and Bq/L for water Samples Descriptions 
40

K 
232

Th 
226

Ra Sa Names Sa codes Sa. No. 

1218.92 ±12.58 12.72±1.42 14.46 ±1.05 Soil S1 1 

117.13 ±4.98 1.00 ±0.40 1.00 ±0.45 Water W1 

1218.92 ±12.58 12.72±1.42 14.46 ±1.05 Soil S2 2 

117.13 ±4.98 1.00 ±0.40 1.00 ±0.45 Water W2 

2244.38 ±16.77 13.97±1.74 16.52 ±0.81 Soil S3 3 

145.25 ±5.37 0.14 ±0.15 1.76 ±0.84 Water W3 

2180.95±16.44 21.63±1.90 20.19 ±0.97 Soil S4 4 

105.29 ±4.70 N D 0.75 ±0.19 Water W4 

2772.97 ±18.39 28.13±2.33 24.47 ±1.77 Soil S5 5 

107.83 ±4.64 0.92 ±0.34 0.62 ±0.19 Water W5 

1259.09 ±13.08 11.83±1.34 18.12 ±1.21 Soil S6 6 

117.55 ± 4.84 ND 0.43 ±0.19 Water W6 

1259.09 ±13.08 11.83±1.34 18.12 ±1.21 Soil S7 7 

117.55 ± 4.84 ND 0.43 ±0.19 Water W7 

1916.66 ±15.39 20.95±1.25 21.57 ±1.32 Soil S8 8 

134.47 ±5.14 0.45 ±0.34 1.57 ±1.06 Water W8 

1032.86 ±11.46 13.42 ±1.39 15.06 ±1.10 Soil S9 9 

113.96 ±4.78 0.32 ± 0.39 4.16 ±1.64 Water W9 

933.48 ± 11.35 14.03 ±2.08 18.19 ±1.12 Soil S10 10 

108.25 ± 4.62 2.06 ±0.92 4.07 ±1.27 Water W10 

933.48 -2772.97 11.83 - 28.13 14.46 - 24.47 S Range 

105.29 -145.25 0.14 - 2.06 0.43 - 4.16 W 

1603.73 16.12 18.11 S Mean 

118.44 0.58 1.57 W 

420 45 33 S (UNSCEAR, 2008) 

10 0.1 1 W (WHO, 2008) 

ND: Not Detection S: soil, W: water 

 
40

K was present in a very significant amount in 

soil. 
40

K activity concentrations ranged from 933.48 to 

2772.97 Bq/kg
 
with a mean value of 1603.73 Bq/kg. In 

water, 
40

K were found to be 105.29 to 145.25 Bq/l
 
with 

a mean value of 118.44 Bq/l, these values are much 

higher than the world mean (420 Bq/kg) (UNSCEAR 

2008) (Nations et al., 2008) in soil and (10 Bq/l) (WHO 

2008) in water. 
226

Ra activities ranged from 14.46 to 

24.47 Bq/kg with a mean value of 18.11 Bq/kg, 
232

Th 

were ranged from 11.83 to 28.13 Bq/kg
 
with a mean 

value 16.12 Bq/kg. These results in soil for 
226

Ra and 
232

Th were found lower than the world average values 
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(33 Bq/kg) and (45Bq/kg) respectively (UNSCEAR 

2008). 
226

Ra for water samples activities ranged from 

0.43 to 4.16 Bq/l with a mean value of 1.57 Bq/l
 
, 

232
Th 

series were activities ranged from 0.14 to 2.06 Bq/l
 
with 

a mean value 0.58 Bq/l. 
226

Ra and 
232

Th results have 

been found higher than the world mean values (1 and 

0.1) Bq/l (WHO 2008). Table (3.2) gives the radium 

equivalent (Raeq), the dose rate (DR), the annual 

effective dose (Deff), the external and internal hazard 

indices (Hex and Hin). For soil (Bq/kg), and water (Bq/l) 

samples. 

 

Table (3.2): The radium equivalent (Raeq), the dose rate (Dr), the annual effected dose (Deff) and Hazard indices 

(Hin, Hex) 
Hex Hin Deff (mSv/y) DR 

 (nGy/h) 

Raeq (Bq/kg) or (Bq/ l) Sample 
Name 

Sa. codes Sa. No. 

0.341 0.380 0.399 65.192 126.50 Soil S1 1 
0.030 0.033 0.036 5.950 2.43 water W1 

0.341 0.380 0.399 65.192 126.50 Soil S2 2 
0.030 0.033 0.036 5.950 2.43 Water W2 

0.565 0.609 0.672 109.66 209.31 Soil S3 3 
0.035 0.040 0.042 6.954 1.96 Water W3 

0.591 0.646 0.694 113.33 219.05 Soil S4 4 
0.023 0.025 0.029 4.737 0.75 Water W4 

0.751 0.817 0.882 143.92 278.21 Soil  S5 5 

0.027 0.029 0.032 5.338 1.93 Water W5 
0.356 0.405 0.417 68.020 131.98 Soil S6 6 
0.025 0.026 0.031 5.100 0.43 Water W6 

0.356 0.405 0.417 68.020 131.98 Soil S7 7 
0.025 0.026 0.031 5.100 0.43 Water W7 

0.537 0.595 0.628 102.54 199.11 Soil S8 8 
0.033 0.038 0.040 6.604 2.21 Water W8 

0.307 0.347 0.356 58.133 34.25 Soil S9 9 
0.036 0.047 0.042 6.867 4.61 Water W9 

0.297 0.346 0.342 55.804 38.25 Soil S10 10 
0.041 0.052 0.046 7.638 7.01 Water W10 

0.297 -0.751 0.346 -0.817 0.342 - 0.882 55.804-143.92 34.25 - 278.21 S Range 

0.023 -0.041 0.025 -0.052 0.029 - 0.046 4.737 - 

7.638 

0.43 -7.01 W 

0.444 0.493 0.520 84.981 149.51 S Mean 

0.0305 0.0349 0.0365 6.023 2.41 W 

      0.07 57 370 S UNSCEAR (2000) 

      0.41 71.08 370 W UNSCEAR (2000) 

 

Raeq values are ranged from 34.25 to 278.21 

Bq/kg with mean of 149.51 Bq/kg in soi1. In water, 

they are ranged from 0.43 to 7.01Bq/l with mean value 

2.41Bq/l, mean values are lower than the recommended 

maximum value of 370 by (UNSCEAR, 2000). In soil 

Samples, DR values are ranged from 55.804 to143.92 

nGy/h with mean value of 84.981 nGy /h, in water, DR 

are ranged from 4.737 to 7.638 nGy/h with mean 6.023 

nGy/h. As compared with the worlds mean value, DR 

nGy/h in soil is higher than 57 nGy/h, in water, DR is 

lower than permissible limits 71.08 nGy/h (UNSCEAR, 

2000).Deff values for soil are ranged from 0.342 to 0.882 

mSv/y with mean value 0.520 mSv/y, wich is higher 

than the recommended 0.07 mSv/y. For water (Deff) are 

ranged from 0.029 to 0.046 mSv/y with mean 0.0365 

mSv/y which is less than the world value 0.41mSv/y 

(UNSCEAR, 2000) In soil, Hin ranged from 0.346 to 

0.817 and Hex ranged from 0.297 to 0.751 with an mean 

values 0.493 and 0.444 respectively, Also in water, Hin 

ranged from 0.025 to 0.052 and Hex ranged from 

0.023to 0.041 with an average values 0.0349 and 

0.0305 respectively, these values agree with the world 

values    by (UNSCEAR, 2000). The usage of 

fertilizers, as .well as the geological nature of the 

analyzed area, has resulted in an increase in the rate of 

absorbed dosage and effective dose in soil samples 

 

3.2. The concentrations of elements in the samples 

3.2.1ICP-OES (inductively coupled plasma- optical 

emission spectrometry) for Soil. Tables (3.3a and 3.3b) 

represent the elements concentrations of agricultural 

soil sampes 
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Table (3.3a).The concentrations of elements in agricultural soil used in the selected farms compared with different 

guideline 
Elements Al Ca Fe K Mg Mn Na 

Sa 

No. 

Units % % % % % % % 

DL 0.05 0.05 0.05 0.05 0.05 0.05 0.05 

1 S1 8.01 4.57 6.60 0.92 3.59 0.11 2.00 

2 S2 8.01 4.57 6.60 0.92 3.59 0.11 2.00 

3 S3 8.43 2.44 3.04 1.76 1.25 0.06 2.48 

4 S4 7.53 2.92 3.82 2.11 1.44 0.08 1.85 

5 S5 7.71 2.94 3.75 2.19 1.44 0.07 1.91 

6 S6 8.51 4.58 6.81 0.92 3.44 0.09 0.85 

7 S7 8.51 4.58 6.81 0.92 3.44 0.09 0.85 

8 S8 6.46 2.94 3.64 1.65 1.43 0.07 1.67 

9 S9 7.34 4.63 7.35 0.78 3.82 0.12 1.82 

10 S10 6.87 6.44 8.49 0.71 4.34 0.15 1.40 

Range 6.46-8.51 2.44-6.44 3.04-8.49 0.71-2.19 1.25-4.34 0.06-0.15 0.85-2.48 

Mean 7.738 4.061 5.691 1.288 2.778 0.095 1.683 

MPC 4.70a 0.30a 5b 1.21a 1.13a 0.063a 0.24a 

MPC: maximum permissible concentrations, a: IAEA-soil-7 reference material, b: WHO, c: Trace Elements in Soils and 

Plants 

 

Table (3.3a) shows that the concentrations for 

all elements of (Al, Ca, Fe, K, Mg, Mn and Na) are 

higher than the guideline value set by IAEA-soil-7 

reference material (Njinga et al., 2013), and WHO 

(Lacstusu, 1998) and (Stanojković-Sebić et al., 2017). 

These elements are essential in agricultural soils except 

Al and Na they are considered beneficial for improve 

agricultural soil (Kaur et al., 2016) and (Points et al., 

2021), and they are required in specific quantities in this 

study, Al was detected with mean concentration of 

7.738 % which is higher than guideline values 4.70%. 

Calcium and magnesium are also important elements. 

The role of calcium to support many enzyme functions. 

Magnesium is necessary to the photosynthetic process. 

There concentrations were detected 4.06, and 2.778% 

respectively, which there are exceeded the global values 

of 0.30 and 1.13% respectively. Iron is essential of 

synthesis chlorophyll.it was concentrations of 5.69% 

higher than global values of 5%. Also, potassium is 

essential elements, the concentration of K 1.288% was 

higher than permissibility 1.21%. Manganese activates 

some enzymes contributes to chlorophyll creation. The 

concentration of Mn 0.095% was higher than global 

limits 0.0631%. Concentration of Na 1.683% was 

higher the guideline values 0.24%.  

 

Table (3.3b): The concentrations of elements in agricultural soil used in the selected farms compared with 

different guideline 

Elements As Cd Cr Cu Hg Ni Pb Se Zn 

S. 

NO. 

Unit µg/g µg/g µg/g µg/g µg/g µg/g µg/g µg/g µg/g 

DL 0.10 2.00 1.00 1.00 0.50 1.00 1.00 0.10 1.00 

1 W1 1.58 <2 312.91 106.00      257.00 13.00 0.20 201.00 

2 W2      <2 312.91 106.00      257.00 13.00 0.20 201.00 

3 W3      <2 241.80 43.00 <0.5 40.00 11.00 0.20 138.00 

4 W4 2.05 <2 556.38 56.00 <0.5 62.00 18.00 0.20 140.00 

5 W5      <2 479.41 62.00 <0.5 62.00 10.00 0.20 168.00 

6 W6      <2 251.84 124.00 <0.5 235.00 7.00 0.50 188.00 

7 W7 1.39 <2 251.84 124.00 <0.5 235.00 7.00 0.50 188.00 

8 W8      <2 487.78 75.00      59.00 11.00 0.40 189.00 

9 W9      <2 374.83 136.00      254.00 8.00 0.40 199.00 

10 W10      <2 309.57 131.00      264.00 8.00 0.40 170.00 

Range 0.7-3.85 - 241.80-556.38 43-136 <0.-0.60 40-264 7-18 0.20-0.50 138-201 

Mean 1.77 N. D 357.93 96.3 0.24 172.5 10.6 0.32 178.2 

MPC 15-20c 1-5c 50-200c 60-150c 0.5-5c 20-60c 20-300c 0.44c 100-300c 

MPC: maximum permissible concentrations, c: Trace Elements in Soil samples 

 

Table (3.3b) represents, the results show that, 

all elements are within global values except Cr and Ni 

they are excesses the permissible limits (Kabata-

Pendias, 2010). These elements are classified as a toxic 

elements and required in very small quantities (La, 

2014) Contamination with toxic and trace elements 

often occur when the use of chemicals enriched with 

elements , fertilizers, and organic amendments such as 

sewage, sludge and wastewater leads to widespread 

pollution (He et al., 2005). The results of this study 

revealed that soil samples from Wadi Badhan contained 

the highest level of almost all of the studied heavy 

metals, followed by soil samples from Hadda-ash Sham 

and Al-Jumum. 
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3.2.2 ICP-MS (inductively coupled plasma – Mass 

spectrometers for water samples 

The inductively coupled plasma-Mass 

spectrometers (ICP-MS) was used to analyse and 

calculate the elements concentrations of the water 

samples. ICP-MS is suitable technique for analysing 

water samples to find out the concentration of elements, 

because this technology is more sensitive to measuring 

trace elements in the water (Baralkiewicz et al., 2007) 

tables (3.4a and 3.4b) represent the concentrations of 

elements in irrigation water used in the selected farms 

compared with different guideline. 

 

Table (3.4a): The concentrations of elements in irrigation water used in the selected farms compared with 

different guideline 

S No. Elements Ca Mg Na k Fe 

Units mg/l mg/l mg/l mg/l mg/l 

DL 0.01 0.01 0.01 0.01 0.01 

1 W1 242.40 65.85 520.00 23.10 <0.01 

2 W2 242.40 65.85 520.00 23.10 <0.01 

3 W3 181.80 46.50 320.00 5.58 <0.01 

4 W4 25.20 22.34 268.00 9.98 <0.01 

5 W5 254.70 63.57 518.00 18.45 <0.01 

6 W6 180.00 45.60 310.00 5.20 <0.01 

7 W7 180.00 45.60 310.00 5.20 <0.01 

8 W8 30.70 25.35 166.00 3.55 <0.01 

9 W9 180.00 86.30 334.00 3.00 <0.01 

10 W10 41.10 46.50 170.00 4.66 <0.01 

Range 25.20-254.70 22.34-86.30 166-520 3-23.10 - 

Mean 155.83 51.34 343.6 10.18 N. D 

MPC
 

10-74
a 

6-40
a 

312
a 

5-10
c 

5
b 

MPC: maximum permissible concentrations, a: AGWR (2006), b: EPA (2012), c: Irrigation Water Guidelines 

 

Table (3,4a) shows that, Ca ranged in mg/l 

from 25.20 to 254.70 with mean 155.83mg/l, Mg 

ranged in mg/l from 22.34 to 86.30 with mean 51.34 

mg/l, Na ranged in mg/l from 166 to 520 with mean 

343.6 mg/l, K ranged in mg/l from 3 to 23.10 with 

mean10.18mg/l, and Fe was not detection. Table (4.8a) 

shows that, the concentrations for elements of (Ca, Mg, 

Na and K) are higher than the guideline value set by 

AGWR (2006), EPA(2012) (Shoushtarian & Negahban-

Azar. 2020). These elements (Ca,Mg,Na,K,Fe) are 

considered essential in irrigation water Guidelines 

(Sorghum, 2012). 

 

Table (3.4b): the concentrations of elements in irrigation water used in the selected farms compared with different 

guideline 

S 

No. 

 

Elements Al As Cd Cr Cu Hg Mn Ni Pb Se Zn 

Units µg/l µg/l µg/l µg/l µg/l µg/l µg/l µg/l µg/l µg/l µg/l 

DL 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 

1 W1 <0.1 2.08 <0.1 2.63 <0.1 0.15 <0.1 5.48 <0.1 8.73 117.92 

2 W2 <0.1 2.08 <0.1 2.63 <0.1 0.15 <0.1 5.48 <0.1 8.73 117.92 

3 W3 7.85 3.53 <0.1 0.15 2.39 <0.1 0.57 2.86 0.18 5.28 100.59 

4 W4 <0.1 1.73 <0.1 0.73 1.62 <0.1 <0.1 8.11 <0.1 11.35 55.56 

5 W5 <0.1 1.94 <0.1 0.84 2.02 <0.1 0.44 10.1 <0.1 18.20 135.70 

6 W6 0.12 0.25 <0.1 2.51 0.20 <0.1 0.20 4.87 <0.1 9.79 11.35 

7 W7 0.12 0.25 <0.1 2.51 0.20 <0.1 0.20 4.87 <0.1 9.79 11.35 

8 W8 2.62 0.24 <0.1 0.61 7.53 <0.1 0.14 1.37 <0.1 1.30 14.43 

9 W9 2.21 0.27 <0.1 1.36 0.21 <0.1 0.40 4.46 <0.1 12.18 1.83 

10 W10 33.65 0.18 <0.1 12.44 2.45 <0.1 <0.1 1.91 0.32 6.46 20.07 

Range < 0.1 -

33.65 

0.18-

3.53 

- 0.15 -

12.44 

< 0.1 

-7.53 

<0.1-

0.15 

<0.1-

0.57 

1.37-

10.10 

<0.1-

0.32 

1.30-

18.20 

1.83-

135.70 

Mean 4.65 1.25 N.D 2.64 1.66 0.03 0.19 4.95 0.05 9.18 58.67 

MPC 50 00
b 

100
b 

10
b 

100
b 

200
b 

0.1-2
a 

200
b 

200
b 

5000
b 

20
b 

2000
b 

MPC: maximum permissible concentrations, a: AGWR (2006), b: EPA (2012) 

 

The results in table (3.4b) show that, the 

concentrations for all elements are within permissible 

limits of AGWR (2006) (Environment, 2006), and EPA 

(2012) (Crook et al., 2012) guideline. These elements 

are trace elements in the water except (Al, As, Cd, and 

Pb) are classified as a toxic elements (Alqahtani et al., 

2020). It was observed that the concentrations in the 

water samples in order Na > Ca,> Zn> Mg> K> Se> 
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Ni> Al> Cr> Cu> As > Mn >Pb> Hg. The variation in 

elements concentration is controlled by the variation in 

local and regional geology, dilution due to precipitation, 

interactions between water and rock (Abdel-Satar et al., 

2017). The highest values of Al found in samples W3 

and W10, for As elements, samples were in W1, W2, 

W3, W4, and W5. Pb element has highest value 

observed in sample W10. The results of this study 

revealed that irrigation water from Alqadirah, Taif and 

Hadda ash Sham regions contained the highest level of 

almost all of the studied heavy metals followed by 

water samples from Al-Jumum, Wadi Badhan, and 

Makkah. 

 

4. CONCLUSION 

In this study, the concentrations mean of 
226

Ra, 
232

Th are within the suggested limit values of soil 

samples, but they were slightly higher in water samples. 

The concentrations of 
40

K are much higher than 

permissible limits. Mean values of radium equivalent 

activity (Raeq) (soil and water) are within the worldwide 

limits. Hazard indices Hex and Hin (soil and water) are in 

agreement with the worldwide limits. The total 

absorbed dose rate (DR) in soil is more than the allowed 

limits, annual effective dose (Deff) is less than the 

allowed limits. (DR) and (Deff) of water samples are 

lower than the recommended values (UNSCEAR, 

2000). The obtained concentration values of soil metals 

(Al, Ca, Fe, K, Mg, Mn, Na, Cr, and Ni) are higher than 

the recommended values in (IAEA and WHO). 

Elements concentrations of water samples are within 

the recommended values except the (Ca, Mg, Na, and 

K) are found higher than recommended values of 

(AGWR, EPA). Elements (As, Cd, Cr, Cu, Hg, Ni, Pb, 

Se, Zn) results show that, all elements are within global 

values, except Cr and Ni, are excesses the permissible 

limits (Kabata-Pendias, 2010). The activity 

concentrations of naturally occurring radionuclides in 

soil samples are high due to the use of fertilizers, also 

one of the reasons for the existence of high 
40

K activity 

in the soil is potassium-containing fertilizers. However, 

the excessive use of pesticides and phosphate fertilizers, 

and recently mining activities have increased the 

accumulation of heavy metals in an agricultural 

environment. An increase in the concentration of 

components in soil and water samples, whether 

essential or toxic, indicates that they are harmful to the 

plants. These results indicate to the highest doses 

location of farm (1) and lowest in farms (3)(6) while the 

other farms were slightly high than recommended does 

values. 
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