
3206 
Journal of Applied Sciences Research, 8(7): 3206-3210, 2012 
ISSN 1819-544X 
This is a refereed journal and all articles are professionally screened and reviewed 

 

ORIGINAL ARTICLES 
 

Corresponding Authors: Mohamed H. H. Ali, National Institute of Oceanography and Fisheries 
  E mail: mhali@pnu.edu.sa  mhha_ali@yahoo.com 

Estimation of Water Quality Index and Assessment of Some Heavy Metals in potable 
water at Kingdom Saudi Arabia. 
 
1,2Mohamed H.H. Ali, 1Khairia. M. Al-Qahtani, 1Amani S. Alturiqi, 1Lamia A. Albedair, 
1Khuloud A. Alibrahim 
 
1National Institute of Oceanography and Fisheries, Cairo, Egypt and 2Princess Nora Bint Abdulrhaman 
University, Saudi Arabia Kingdom 
 
ABSTRACT  
 
 Water quality of some water stations in Kingdom Saudi Arabia was evaluated by Water Quality Index 
(WQI) technique. A water quality index provides a single number that expresses overall water quality at a 
certain location and time based on several water quality parameters. The objective of an index is to turn complex 
water quality data into information that is understandable and useable by the public. Eight most important 
parameters such as pH, total dissolved solids (TDS), dissolved oxygen (DO), biological oxygen demand nitrate 
and total phosphorus were taken for the calculation of WQI. The WQI values from 65 to 83. The obtained 
results revealed that, water stations at Riyadh have lowest WQI values followed by eastern district's stations and 
finally northern district's stations have the highest WQI values. Generally, quality of water is good at the most 
sampling site except stations 4 and 9. On the other side, the studied heavy metals found to be in the safe 
international guidelines except iron which exceed than permissible levels. Finally, WQI can be used as a tool in 
comparing the water quality of different sources. It gives a general idea of the possible problems with water in a 
particular region. The indices are among the most effective ways to communicate the information on water 
quality trends to the public or to the policy makers and water quality management.  
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Introduction 
 
 Nowadays, heavy metals are potential environmental contaminants with the capability of causing human 
health problems if present excessively in the food and water resources. They are given special attention 
throughout the world due to their toxic effects even at very low concentrations (Das, 1990). Several cases of 
human disease, disorders, malfunction and malformation of organs due to metal toxicity have been reported 
(Jarup, 2003). Groundwater is used for domestic, industrial supply and irrigation has been a tremendous increase 
in the demand for fresh water due to rapid growth of population and freshwater scarce. Human health is 
threatened by most of the agricultural development activities particularly in relation to excessive application of 
fertilizers and unsanitary conditions. Rapid urbanization, in KSA, may be affected the quality of groundwater 
due to improper waste disposal, especially in urban areas. Once the groundwater is contaminated, its quality 
cannot be restored by stopping the pollutants from the source. It therefore becomes imperative to regularly 
monitor the quality of groundwater and to device ways and means to protect it.  
 Water quality index (WQI) is defined as a rating reflecting the composite influence of different water 
quality parameters. WQI is calculated from the point of view of the suitability of running and groundwater for 
human consumption (Ramakrishnaiah et al., 2009). Water quality index is one of the most effective tools to 
communicate information on the quality of water to the concerned citizens and policy makers. It, thus, becomes 
an important parameter for the assessment and management of water resources. WQI is defined as a rating 
reflecting the composite influence of different water quality parameters (Mishra and Patel, 2001).   
 Generally, water quality index is a means to summarize large amounts of water quality data into simple 
terms (e.g., good) for reporting to management and the public in a consistent manner. It can tell us whether the 
overall quality of water bodies poses a potential threat to various uses of water, such as habitat for aquatic life, 
irrigation water for agriculture and livestock, recreation and aesthetics, and drinking water supplies. Thus WQI 
is a set of standards used to measure changes in water quality in a particular river reach over time and make 
comparisons from different reaches of a river. A WQI also allows for comparisons to be made between different 
rivers. This index allows for a general analysis of water quality on many levels that affect a stream’s ability to 
host life.  
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 On the whole, the main objectives of the present work are; to focus on biomonitoring contamination with 
heavy metals in different water resources and investigate the water quality of these resources by using a Water 
Quality Index (WQI).  
 
Materials and Methods 
 
Area of Study and Sampling Locations: 
 
 The present study was carried out during 2011 in the major three urban cities of Kingdom Saudi Arabia as 
follow; Capital Riyadh city represent the middle area, Tabouk city represent the northern area and Qatif, 
AlGobail, Alkhobar, Dammam cities represent the eastern area (Table, 1). The water samples are collected from 
different water treatment stations which located in these cities. The water samples are divided into two 
categories; ground water and desalination seawater samples. 
 
Table 1: Selected stations, common names and their water resource type. 

Code 
no. 

Name               Type of water 
Code 
no. 

          Name                            Type of water 

1  Riyadh Station Ground water 7 Al-Rashed Station  De-saline water 
2 North Riyadh De-saline water 8 AlGobail Station De-saline water 
3 East Riyadh De-saline water 9 Alkohbar Station De-saline water 
4 South Riyadh De-saline water 10 Tabouk Station Ground water 
5 Qatif Station Ground water 11 North Tabouk 1 De-saline water 
6 Al-Azeizia Station  De-saline water 12 North Tabouk 2 De-saline water 

 
Analytical methods: 
 
 The methods discussed in the American Public Health Association (APHA, 1992) were used for 
determination of the abiotic parameters unless noted. pH values were measured during the time of sampling 
using pH meter model (Jenway 3150) after calibration with buffer solutions of pH 4 and 10. Dissolved oxygen 
was estimated by using the modified Winkler method. COD was carried out using potassium permanganate 
method. Water alkalinity was determined immediately after collection of the samples, using phenolphthalein and 
methyl orange indicators. Chloride estimated using Mohr’s method. Sulphate was determined using 
turbidimeteric method. Water hardness was determined using compleximetric method by EDTA. Ammonia was 
determined by phenate method. Nitrite was determined using colorimetric method while nitrate was determined 
by reduction method as described by Mullin and Riley (1956). Orthophosphate and total phosphorus were 
determined by using stannous chloride and acid molybdate method. Silicate was determined by using molybdate 
method. For heavy metals, water samples were digested by adding 10 ml nitric acid to 500 ml of mixed sample 
in a beaker. Slow boiling and evaporation on a hot plate were done to reach the lowest volume. Beaker walls 
were washed carefully with distilled water then the digested samples were transferred to a 100 ml volumetric 
flask and completed to the mark. Determination of the heavy metals such as Cu, Zn, Cd and Pb in the filtrate 
samples were achieved by atomic absorption spectrophotometer (Shimadzu Model 6800 with graphit furnae 
Model GFA 7000, Hydride unit was used for determination of Mercury). 
 
Water Quality Index Calculations: 
 
 In this study the water quality index (WQI) was determined according to National Sanitation Foundation 
(NSF) which created and designed a standard index depended on the results of some separate tests can be used 
to determine the health of water resource. The mathematical expression for NSF WQI is given by  

 
 
Where: 
Ii is the sub-index for ith water quality Parameters 
Wi is the weight (in terms of importance) associated with ith water quality parameter  
p is the number of water quality parameters 
 The WQI consists of some tests: Dissolved Oxygen, pH, BOD (Biochemical Oxygen Demand), 
Temperature, Total Phosphate, Nitrates, Turbidity and Total Solids. After completing these tests, the results are 
recorded and transferred to a weighting curve chart where a numerical value is obtained. For each test, the 
numerical value or Q-value is multiplied by a “weighting factor”. The resulting values are then added to arrive 
at an overall water quality index (WQI). The highest score a body of water can receive is 100.  
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Statistical Analysis: 
 
 The recorded data were subjected to two-way analysis of variance (ANOVA) to assess the influence of 
different variables on the concentrations of heavy metals in the vegetables tested. ANOVA for each vegetable 
was performed separately using variables such as sites. All the statistical analyses were computed with STAT5 
software version 8. 
 
Results and Discussion 
 
 The physico–chemical parameters are tabulated in Table 2. The water temperature was almost moderate 
throughout the season and ranged from 23.2 to 25 0C. The electrical conductivity (EC) is a measure of the 
dissolved salt in a water sample. The changes in conductivity denote a changing composition on raw water and 
indicate that a change in treatment may be required. The values of EC ranged from 0.11 mS/cm to 3.74 mS/cm. 
Total dissolved solids exhibited similar distribution patterns as EC, the TDS value varied from 74 mg/l to 2431 
mg/l. TDS contents showed high significantly (p < 0.05) with EC values in all stations. However, there was no 
significant variation (p>0.05) with temperature and different nutrients (NO2, NO3 and NH3). These data were in 
concordant with those obtained by Kumar and Dua (2009) in India. 
 As shown in Table 2, water was slightly alkaline having pH ranging from 7.46 to 8.15. The value of the 
dissolved oxygen at the sampling site ranged from 4.4 mg/l to 7.92 mg/l, the fluctuation of dissolved oxygen 
contents depend mainly on temperature which affecting the solubility of atmospheric oxygen (Romairo et al., 
1979). On the other hand, the collected samples have low values of biological oxygen demand except at station 
6 (Al-Azeizia desalination water). Their values fluctuated between 0.36 – 3.04 mg/l. Total alkalinity is generally 
imparted by salts of carbonates, bicarbonates, phosphates, nitrates, borates, silicates etc. together with hydroxyl 
ions in free-state (Trivedy and Goel, 1986). The total alkalinity at the sampling site varied from 23.6 mg/l to 
185.3 mg/l. Total hardness ranged from 26.3 mg/l to 334.9 mg/l, the maximum value was recorded in 
groundwater station (station 1) due to enrichment of ground water by major cations (Ramakrishnaiah et al, 
2009).  
 Nitrites and nitrates values showed similar distribution pattern due to the high correlation between them 
that, their minimum values were recorded at station 8 (6.28 and 46.8 µg/l, respectively), while the maximum 
values (38.33 and 707.7 µg/l, respectively) were recorded at station 1. Ammonia showed elevated values in all 
stations with maximum value of 671 µg/l was recorded at station 1 (Riyadh ground water stations). Total 
phosphorus contents showed relative variation. Its values ranged between 135.2 to 636.8 µg/l. 
 
Table 2: Mean concentration of water quality parameters and water quality index of different water stations at Saudi Arabia Kingdom 

during 2011. 
       Stations 
parameters 

1 2 3 4 5 6 7 8 9 10 11 12 

Temp 24.6 24.2 23.6 24.9 23.2 24.0 23.9 23.3 24.1 25.4 24.0 25.0 
EC mS/cm 3.53 0.91 0.94 0.87 3.74 0.91 0.17 0.11 1.01 0.80 0.27 0.82 
TDS mg/l 2295 592 612 564 2431 589 109 74 653 519 177 532 

pH 7.53 7.82 8.09 8.03 8.15 7.88 7.84 8.04 8.10 7.46 7.76 7.90 
DO mg/l 6.48 4.80 4.58 4.40 5.92 7.92 6.38 5.94 5.18 5.70 6.14 5.78 

COD mg/l 13.30 7.80 7.00 8.08 13.54 8.64 6.08 13.52 13.04 12.34 9.48 8.40 
BOD  mg/l 2.54 0.36 1.94 1.48 1.26 3.04 2.32 1.68 3.03 1.12 1.90 3.44 

Cl mg/l 229.7 93.6 198.0 194.1 940.9 83.9 35.9 31.4 253.1 144.8 62.1 156.6 
HCO3  mg/l 185.3 93.9 92.3 111.0 160.9 65.8 23.6 63.0 103.0 142.3 98.4 110.0 
SO4  mg/l 503.7 181.2 154.2 108.6 460.4 33.8 51.3 43.0 82.4 87.8 32.4 74.5 

Total 
hardness      

mg/l 

334.9 103.9 89.8 58.6 286.2 30.2 26.3 32.3 76.5 103.1 34.2 41.1 

NH3 µg/l 671.0 588.2 509.5 525.0 458.9 654.9 646.3 577.3 507.7 585.4 534.8 509.5 
NO2 µg/l 38.33 16.94 9.86 21.24 6.94 7.45 7.59 6.28 7.74 8.91 9.42 9.34 
NO3 µg/l 707.7 163.2 350.8 380.0 733.7 145.3 121.9 46.8 174.8 568.3 363.2 118.9 
PO4 µg/l 18.55 26.10 18.95 21.20 12.32 15.50 13.52 11.93 32.33 23.85 25.97 31.93 
TP µg/l 338.8 368.7 187.6 618.1 194.2 228.7 276.9 476.3 636.8 254.5 214.3 135.2 

SiO3   mg/l 1.96 1.96 2.95 2.43 10.45 0.59 0.83 0.90 2.88 4.29 1.56 4.09 
NSF WQI 75 73 70 69 75 77 81 78 65 76 82 73 

Description good good good medium good good good good medium good good good 
Grade B B B C B B B B C B B B 

 
Heavy Metals: 
 
 The mean concentrations of Fe, Mn. Cu, Zn, Pb, Cd and Hg in different collected water samples are given 
in Table 3.  
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 The obtained results of the present study showed that the concentration of Fe in the Riyadh's water stations 
are much higher than other stations, maximum value of 304.8 µg/l was recorded at water station 2 (Table 3). Fe 
contents were significantly correlated (p < 0.05) with TDS, Mn and Hg, whereas there was no significant 
variation (p>0.05) in the Fe contents with other studied parameters. Our results were nearly similar to that 
obtained by Akoteyon et al (2011) who cited Fe value of 290 µg/l in Urban River for Municipal Water Supply 
in Lagos-Nigeria. The iron contents were above the safe limit permitted for drinking water is 100 µg/l according 
to WHO (1993). On the other hand, manganese values exhibited a similar distribution trend as iron, where its 
values increase also in Riyadh's water stations. Its values fluctuated between highest value of 44.48 µg/l 
recorded at water station 2, and the lowest value of 4.75 µg/l recorded at station 8 (Table 3). The analyses of 
variance for Mn contents showed similar high significance (p < 0.05) with TDS, Fe, and Hg, whereas there was 
no significant variation (p>0.05) in the Mn levels with other studied parameters. 
 Our results were in agreement with that obtained by Ramakrishnaiah et al (2009) they reported high 
concentration of Mn (55 µg/l) in groundwater of Tumkur Taluk, India. Manganese contents were in the safe 
limit permitted for drinking water since WHO (1993) recommended 50 µg/l as safe limit. 
 Concentration of Cu and Zn showed relative similar fluctuation among the studied water stations. Riyadh's 
stations still remain the highest Cu and Zn contents (34.99 and 288 µg/l) at water stations 2 and 1 respectively. 
Station 8 has the lowest Cu and Zn contents (13.98 and 42.67 µg/l, respectively, Table 3). There are noticeable 
high significance level (p<0.05) between Cu and Zn with each other. On the other hand, there was low 
significant levels (p>0.05) with TDS, DO and BOD. Generally, our present study demonstrated the 
concentration of Cu and Zn to be within the set limits of international standards (1.3 and 5.00 mg/l, WHO, 
1998).  
 The results of lead and cadmium exhibit a similar distribution pattern, since their values showed a slight 
increase at Riyadh's water stations especially station 3 which recorded the maximum values (8.8 and 2.61 µg/l 
respectively, Table 3) while their minimum values of (3.48 and 0.99 µg/l) were recorded at station 11. Mercury 
concentrations in completely undetected in some water stations (Table 3)  
 Concentration of Pb, Cd and Hg was noted to be lower than the permissible levels of 10, 5 and 0.015 µg/l as 
reported by WHO (1998) as a safe guidelines for humans consumers.  
 
Table 3: Mean ± standard deviation values of some heavy metals of different water stations in the different district of Saudi Arabia 

Kingdom during 2011. 
 Fe (µg/l) Mn (µg/l) Cu (µg/l) Zn (µg/l) Pb (µg/l) Cd (µg/l) Hg (µg/l) 
1 132.4 ± 3.5 11.15 ± 0.63 11.93 ± 0.60 288.0 ± 14.8 6.44 ± 0.05 1.83 ± 0.09 0.008 ± 0.001 
2 304.8 ± 1.6 44.48 ± 1.73 34.66 ± 1.73 216.6 ± 10.6 8.16 ± 0.63 2.50 ± 0.13 0.012 ± 0.001 
3 60.1 ± 1.3 6.22 ± 0.34 19.67 ± 0.02 97.33 ± 2.31 8.80 ± 0.30 2.61 ± 0.07 0.009 ± 0.000 
4 100.5 ± 2.4 6.37 ± 0.21 18.33 ± 0.28 268.3 ± 7.57 3.73 ± 0.04 1.06 ± 0.01 ND 
5 55.9 ± 0.56 8.58 ± 0.22 18.50 ± 0.52 131.6 ± 3.79 5.54 ± 0.07 1.56 ± 0.05 0.005 ± 0.000 
6 43.3 ± 2.2 8.73 ± 0.27 23.44 ± 0.95 91.67 ± 3.79 3.58 ± 0.23 1.26 ± 0.05 ND 
7 25.58 ± 1.05 7.92  ± 0.26 27.02 ± 0.19 53.67 ± 1.53 4.17 ± 0.03 1.22 ± 0.04 0.009 ± 0.000 
8 38.20 ± 0.30 6.75 ± 0.74 13.98 ± 0.16 42.67 ± 3.21 3.51 ± 0.06 1.02 ± 0.12 ND 
9 46.23 ± 1.18 7.76  ± 0.35 25.81 ± 1.06 95.67 ± 3.21 6.20 ± 0.21 1.81 ± 0.04 0.009 ± 0.001 

10 36.75 ± 0.76 4.75 ± 0.14 19.38 ± 0.66 47.33 ± 1.53 4.30 ± 0.10 1.11 ± 0.05 0.011 ± 0.001 
11 44.33 ± 1.40 4.86 ± 0.33 56.56 ± 0.58 50.33 ± 2.08 3.48 ± 0.08 0.99 ± 0.07 0.009 ± 0.000 
12 28.67 ± 0.56 5.78 ± 0.21 28.21 ± 0.43 274.0 ± 8.54 4.84 ± 0.15 1.36 ± 0.08 ND 

 
Water quality index: 
 
 The values of WQI very much depend upon the value of dissolved oxygen and temperature of water. The 
value of DO at most sampling site is greater than 5 mg/l except few water stations. On the basis of the WQI, the 
quality of the water is categorized from very bad to excellent (Tiwari and Mishra, 1985) as follows;  
 

90-100 70-90 50-70 25-50 0-25 
Excellent (A) Good (B) Medium (C) Bad (D) Very Bad (F) 

 
 The values of WQI (Table 2 and Figure 1) for studied water stations are almost have similar trend, and it is 
found that water were comparatively polluted in water station 4 and 9 which having WQI of 69 and 65 % 
respectively. Thus, the fluctuation can be attributed to the deterioration of water quality as a result of 
contamination during water treatment processes. It is inferred from the obtained results that, water stations at 
Riyadh have lowest WQI values followed by eastern district's stations and finally northern district's stations 
have the highest WQI values. Generally, quality of water is good at the most sampling site except stations 4 and 
9. 
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Conclusion: 
 
 The WQI for studied samples ranges from 65 to 82 % (Fig, 1), most studied samples have high value of 
WQI at these stations due to mainly from the reasonable values of nitrate, total dissolved solids, hardness, 
dissolved oxygen and biological oxygen demand. Few exceptions, stations 4 and 9 are poor in quality. In this 
part, the analysis reveals that the groundwater of the area needs some degree of treatment before consumption, 
and it also needs to be protected from the perils of contamination especially dilution its contents of total 
dissolved solids before consuming as drinking water. Most studied heavy metals found in the safe international 
guidelines except for Fe which exceed than permissible levels.  
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Fig. 1: Water quality index for different water stations at Saudi Arabia during 2011. 
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