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Abstract: ​In the Kingdom of Saudi Arabia (KSA), there are two types of drinking              

water, tap water, and bottled water. In order to find which water is good for human                

health, a comparison study performed between tap water and bottled water in the             

KSA. The data of tap water obtained from the previously published papers for three              

different regions, Central Region (Riyadh City), East Region (Dammam City), and West            

Region (Jeddah). The water bottled data collected for 20 different brands of KSA. And              

the comparison is made with respect to the physical properties (like pH, Turbidity,             

and TDS), chemical properties (like chlorine, sulfates, and heavy metals) and           

microbiological count (Total Coliform). The data also compared with the standards of            

the Environmental Protection Agency (EPA). After the comparison, it found that           

bottled water is of higher quality when compared to tap water. Statistically, there             
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was a significant difference between tap water and bottled water, which supports            

our results that bottled water is better for human use.  

Keywords​: tap water, bottled water, Saudi Cities, microbiological count,         

physico-chemical properties, total Coliform. 

INTRODUCTION 

Water is the most important element for the survival of life; it makes the earth different from other                  
planets. About 71% of the earth's crust is covered with water, in which 96.5% of water is sea/ocean                  
water, and 2.5% is the freshwater. Out of this 2.5 percent of fresh water, 69.7% is glaciers, 30.1% is                   
groundwater, and only 1.2 percent is fresh surface water​1​. Water is such a valuable resource for human                 
beings; 60% of the bodyweight consists of water​2​. It allows our body to perform the process of                 
metabolism, elaboration of food, and elimination of waste. Every day we restock our metabolic reserve               
by drinking water or eating wet food. But the water we drink must be of good quality and not                   
harmfulto the health​3​.  

Like other arid region countries, the Kingdom of Saudi Arabia (KSA) is also suffering from the                
scarcity of water and limited resources to fulfill the demand​4​. The KSA mainly depends on the                
desalination of groundwater or seawater in order to meet the requirements​5​. The desalinated water              
provided to the population of KSA as tap water. On the other hand, in the KSA, bottled water is                   
widely consumed, where it preferred over tap water​6​.  

The drinking water should meet the standards in order to be healthy for human use. If the drinking                  
water has impurities, like physical, chemical, or microbial, and the drinking water doesn’t meet the               
standards, so it will be really harmful to human life. According to the Epidemiological study, water                
chemical impurities can cause cardiovascular disease, reproduction diseases, cancer, and even it can             
cause death​3​. There are several chemical element impurities in the drinking water, such as chlorine               
(Cl), sulfates (SO4), copper (Cu), cadmium (Cd), chromium (Cr), lead (Pb), and nickel (Ni). These               
elements are essential for the human body; i.e., they should be present in the drinking water but within                  
the standard limit. If they exceed the limit, then the water will be harmful to human health and cause                   
the diseases mentioned above. 

In addition to this, the microbial contamination in drinking water can cause some severe diseases such                 
as hepatitis, typhoid, cholera, etc​7​. There are some physical properties of water, such as pH, TDS, and                 
Turbidity; if these properties disobey the standards, then it will be harmful to human health. The pH                 
measures the acidity and basicity of water. It has the measuring range from 0-14; if the pH of a                   
component increased from 7, the component is basic, and if it decreased from 7 then it shows the                  
component is acidic; at the scale of 7, the component is neutral. If the pH deviates from the standards,                   
then, it changes the taste of water, bitter when it is basic and sour when it is acidic. The pH of water                      
will determine the ability of water to dissolve the heavy metals and other chemical constituents. Low                
pH water will allow the metals to dissolve more and high pH​8​. While the Total Dissolved Solids (TDS)                  
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is another physical property of water that indicate the number of salts and organic matter. This                
quantity also in relation to the chemical and microbial contamination; the more amount of TDS than                
the standards shows that there are higher chemical and microbial impurities​9​. It is essential to check                
out the physical, chemical, microbial impurities in water either bottled or taped.  

In the present study, the physio-chemical and microbial properties of tap water and bottled water               
compared, and these properties are also compared with the standards of the Environmental Protection              
Agency (EPA).  

MATERIALS AND METHODS  

The physio-chemical and biochemical properties of tap water of three cities of three different regions,               
Riyadh (central region), Dammam (eastern region), and Jeddah (western region), are compared with             
the bottled water of twenty different brands of KSA. The data is obtained from previously published                
papers, the tap water data of Riyadh is obtained from the published article by Al-Omran et al.​5​, the tap                   
water of Jeddah is obtained from published paper Hussein et al.​10​, and the tap water data of Dammam                  
obtained from published article Alharbi et al.​11​. The data of bottled water obtained by collecting               
samples of twenty different brands of the KSA. The sample collection followed by the “Saudi Arabia                
Standard (407/1989)” and “Gulf Standard (111/1989).” The name of the brands not mentioned in the               
paper. Some basic chemical components including Chloride (Cl-) and, SO​4​ anions are measures by the  
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Figure 1: ​Map of KSA 

“Ion Chromatography Metrohum USA” while the heavy metals such as Cu, Cd, Cr, Pb, and Ni                
measured by “Atomic Absorption Spectrophotometer (AAS) Varian Spectr AA110 USA.” For the            
microbial analysis, the Membrane Filtration method utilized in order to find out Total Coliform. The               
drinking water standards followed that are described by the Environmental Protection Agency            
(EPA)​12​. These data compared and plotted the graphs for the comparison and graph plotting, IBM®               
SPSS software. 

Statistical Testing: ​The physio-chemical data of tap water of all the cities of different regions and the                 
physio-chemical bottled water of all twenty brands statistically tested; either there is a significant              
difference present between the data or not. For the statistical SPSS analysis of the data, “Independent                
Student’s T-Test” is performed. Student’s T-Test is an inferential statistical tool used to find out the                
significant difference in the mean of two data groups​14​.  

 

328 J. Chem. Bio. Phy. Sci. Sec. D ; May 2020 –July 2020, Vol. 10, No. 3; ; 325-343   
DOI:10.24214/jcbps.D.10.3.32543.] 

 



A Comparison …                                                                                                                   Dr. Anas S. Dablool​. 

 

 

 

 

 

By following the above formula, we obtained the t-value. Now, for the testing, we have a null                 
hypothesis, H​0​, which leads to the no statistically significant difference between the data of samples. 

There is another parameter known as a critical value; it is obtained with the help of t-table, mentioned                  
in Appendix A, by using the values of probability value (p-value) and degree of freedom. The p-value                 
for the t-testing set at 0.05, and the following formula obtains the degree of freedom (df); 

egree of  F reedom f nD = d = n1 +  2 − 2  

The value found by the cross-section of the p-value 0.05 column and obtained the degree of freedom                 

value is known as the critical value. 

If the t-value is greater than the critical value, it shows there is a significant difference exist between                  

the means of two data sets, tap water, and bottled water. This SPSS analysis is applied for the bottled                   

water and the tap water of Dammam, Riyadh, and Jeddah cities, having sample sizes of about 36,                 

113, and 34, respectively.  

The critical value for the SPSS analysis between bottled water and the Riyadh tap water is 1.674, for                  

the SPSS analysis between the bottled water and the Jeddah water is 1.66, and the critical value for                  

the SPSS analysis between bottled and Dammam tap water obtained about 1.675, as mentioned in               

the  

Appendix A. If the values of the t-value increased to their data set’s critical value, then it will reject                   

the null hypothesis, Ho and this will confirm the data has a significant difference.  

Data:  
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Table 1: ​Data of Bottled Water 

Serial 
Number 

Properties Mean 
Value 

Standard 
Deviation 

Physical Properties 

1 pH 6.9 0.39 

2 Turbidity (NTU) 0.168 0.74 

3 TDS (mg/L) 96.75 172.92 

Chemical Properties 

4 Chloride (mg/L) 38.85 56.21 

5 Copper (mg/L) 0.0315 0.019 

6 Cadmium (mg/L) 0.1 0 

7 Chromium (mg/L) 0.2045 0.1988 

8 Lead (mg/L) 0.1 0 

9 Sulfate (mg/L) 29.35 24.5 

10 Nickle (mg/L) 1.06 1.127 

Microbial Properties 

11 Total Coliform (CFU/100 mL) 0 0 

 

Table 2: ​Data of Tap Water of Riyadh, KSA​5 

 

Serial 
Number 

Properties Mean 
Value 

Standard 
Deviation 

Physical Properties 

1 pH 7.93 0.1 

2 Turbidity (NTU) 0.5 0.69 

3 TDS (mg/L) 601.7 62.1 

Chemical Properties 

4 Chloride (mg/L) 0.16 0.09 
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5 Copper (mg/L) 0.01 0.01 

6 Cadmium (mg/L) 0 0 

7 Chromium (mg/L) 0.01 0 

8 Lead (mg/L) 0.02 0.2 

9 Sulfate (mg/L) 65 128 

10 Nickle (mg/L) 2.11 2.05 

Microbial Properties 

11 Total Coliform (CFU/100 mL) 7.93 N/A 

 

 

Table 3: ​Data of Tap Water of Jeddah, KSA​10 

 

Serial 
Number 

Properties Mean 
Value 

Standard 
Deviation 

Physical Properties 

1 pH 7.89 32.7 

2 Turbidity (NTU) 32.7 2.7 

3 TDS (mg/L) 194.17 52.36 

Chemical Properties 

4 Chloride (mg/L) 85.66 35.4 

5 Copper (mg/L) 108.7 12.63 

6 Cadmium (mg/L) 31.31 7.68 

7 Chromium (mg/L) 0.18 0.23 

8 Lead (mg/L) 0.97 5.51 

9 Sulfate (mg/L) 7.39 3.81 

10 Nickle (mg/L) 5.88 4.29 

Microbial Properties 

11 Total Coliform (CFU/100 mL) 20 N/A 
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Table 4: ​Data of Tap Water of Dammam, KSA​11 

Serial 

Number 

Properties Mean 

Value 

Standard 

Deviation 

Physical Properties 

1 pH 7.259 0.506 

2 Turbidity (NTU) 0.83 0.80 

3 TDS (mg/L) 21.60 5.26 

Chemical Properties 

4 Chloride (mg/L) 127.56 217.33 

5 Copper (mg/L) 0.01 0.02 

6 Cadmium (mg/L) 0.00 0.00 

7 Chromium (mg/L) 0.002 0.002 

8 Lead (mg/L) 0.09 0.52 

9 Sulfate (mg/L) 161.39 161.18 

10 Nickle (mg/L) 0.005 0.006 

Microbial Properties 

11 Coliform count (CFU/100 mL) 1.08 N/A 

 

RESULTS AND DISCUSSION  

By making the compression of each of the physio-chemical and microbial component of bottled water               
and tap drinking of Riyadh, Jeddah, and Dammam and also compare them to the standards of                
“Environmental Protection Agency (EPA),” found the result on the basis we can either bottled water is                
better or tap water for human health.  

The pH range declared by EPA is 6.5 to 8.5; our tap water, as well as our bottled water, is fulfilling                     
that range. The tap water of Dammam has a pH of about 7.26, Riyadh has a pH of about 7.93, and                     
Jeddah has a pH of about 7.89 & Bottled Water has a pH of about 6.9, as shown in ​Figure 2​. But the                       
bottled water has a pH near to the neutral so that we can say, the bottled water is a bit better. 

According to the EPA, the turbidity of drinking water should not be more than 5 NTU, and the                  
comparison between Riyadh, Dammam, and Jeddah tap water gave us significant results having low              
NTU of turbidity. It noticed that tap water from the Dammam region has the highest turbidity of about                  
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32.7 NTU, which is not allowable, while the bottled water has the lowest, as shown in ​Figure 3​. Here,                   
we can conclude that the bottled water is better as compared to the tap water with respect to turbidity. 

 

Figure 2: ​pH Comparison Chart 

.  

Figure 3: ​Turbidity Comparison Chart 

 

Total Dissolved Solids should not increase more than 500 mg/L; EPA sets this standard. During the                

comparison, it observed that the Riyadh tap water has TDS is 601.7 mg/L, more than the standard                 

while Jeddah has 194.17 mg/L, Dammam tap water has TDS about 21.6 mg/L and bottled water has                 

69.75 mg/L. 

According to EPA, the allowable limit of chlorine is 250 mg/L, and the Riyadh, Jeddah, Dammam tap                 

water and Bottled water has 0.16 mg/L, 85.66 mg/L, 127.56 mg/L, and 38.85 mg/L respectively. All                
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the drinking water we have is fulfilling the requirement of EPA standards, but the Riyadh tap water                 

has a quite low concentration of chlorine, which can be problematic because there should be some                

concentration of chlorine, which keeps the water safe from bacteria 

 

Figure 4: ​TDS Comparison Char​t 

 

Figure 5: ​Chloride Comparison Chart 

 

The tap water of Riyadh showing that there is 65 mg of Sulfates present in every liter. The Jeddah and                    

Dammam tap water has 7.39 mg/L and 161.39 mg/L respectively, while the bottled water in the  

KSA has 29.35 mg/L of Sulfates. All the water is showing the concentration of Sulfates within the limit                  

prescribed by EPA, which is 250 mg/L. If the concentration of sulfates increases from the standards                

limit, it can cause dehydration to infants. 
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Heavy metals are harmful to human health; the better the number of heavy metals in drinking water                 

better for human health. The Environmental Protection Agency (EPA) set standards for the heavy              

metals in drinking water, Copper (Cu) should not more than 1 mg/L of drinking water while the                 

Cadmium (Cd) should be less than 0.005 mg/L, Chromium (Cr) should be less than 0.1 mg/L, Lead (Pb)                  

should be less than 1.3 mg/L, and Nickle should not be more than 0.1 mg/L.  

 

The tap water of Riyadh showing that there is 65 mg of Sulfates present in every liter. The Jeddah and                    
Dammam tap water has 7.39 mg/L and 161.39 mg/L respectively, while the bottled water in the  
KSA has 29.35 mg/L of Sulfates. All the water is showing the concentration of Sulfates within the limit                  
prescribed by EPA, which is 250 mg/L. If the concentration of sulfates increases from the standards                
limit, it can cause dehydration to infants. 

Heavy metals are harmful to human health; the better the number of heavy metals in drinking water                 

better for human health. The Environmental Protection Agency (EPA) set standards for the heavy              

metals in drinking water, Copper (Cu) should not more than 1 mg/L of drinking water while the                 

Cadmium (Cd) should be less than 0.005 mg/L, Chromium (Cr) should be less than 0.1 mg/L, Lead                 

(Pb) should be less than 1.3 mg/L, and Nickle should not be more than 0.1 mg/L.  

 

 

 

 

Figure 6: ​Sulfate Comparison Chart 
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Figure 7: ​Heavy Metal Concentration Comparison Chart 

On comparison we obtained that the Riyad tap water has copper about 0.01 mg/L, Jeddah water has                 

109 mg/L, which is not acceptable, Dammam tap water has 0.01 mg/L, and the Bottled Water in KSA                  

has 0.0315 mg/L of Copper (Cu). Cadmium (Cd) has zero mg/L in Riyadh water, 31.31 mg/L in Jeddah                  

water, not acceptable, in Dammam water it is absent, and bottled water found with 0.1 mg/L of                 

Cadmium (Cd). As far as the concern about the Chromium, the Riyadh tap water has 0.01 mg/L of Cr,                   

the Jeddah tap water found 0.18 mg/L, Dammam tap water found 0.002 mg/L, and Bottled water in                 

KSA found 0.2045 mg/L Chromium (Cr). The Lead is toxic to human health; it found 0.01 mg/L in                  

Riyadh water, 0.97 mg per liter in Jeddah water, 0.09 mg/L in Dammam water, quite high                

concentration of Lead, 0.1 mg/L in Bottled water. At last, there is the comparison of Nickle present in                  

drinking water, Riyadh tap water has 2.11 mg/L, Jeddah tap water has 5.88 mg/L, Dammam tap                

water has 0.005 mg/L, and the Bottled water in KSA has 1.06 mg/L. By this comparison, we can                  

conclude that the bottled water is better than the tap water of Riyadh, Dammam, and Jeddah. 

According to the standards of EPA, there should be no Bacteria in the drinking water, and the Total                  

Coliform should be zero CFU/100 mL of drinking water. As per comparison, the tap water of KSA                 

found with the Bacteria, the tap water of Jeddah observed with the most concentration of Coliform                

about 20 CFU per 100 mL. The tap water from Riyadh and Dammam observed with 0.92 CFU/100 mL                  

and 1.09 CFU/100 mL, respectively, of Total Coliform. The bottled water found no traces of Coliform,                

so bottled water is better for health.  
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Figure 8: ​Total Coliform Comparison Chart 

By the results of the comparison of bottled water data with the tap water of Riyadh, Jeddah, and                  

Dammam, it found that the bottled water seems better as compared to the tap water. Tap water                 

from each region has some parameters that violate the limitations of EPA standards and make the                

tap water unhealthy for human health. Tap water of Jeddah has very high turbidity, Riyadh tap water                 

has high TDS and very low Chloride ion concentration, tap water of Jeddah has a high concentration                 

of heavy metals. In addition to this, all tap water is unhealthy for human health due to the high                   

impurity of bacteria (Coliform), the Jeddah tap water seems the most unhealthy water while the               

Riyadh and Dammam tab water is also harmful due to the microbial impurity. But the bottled water                 

has nothing wrong with the physio-chemical properties, and the bottled water has zero microbial              

impurity. In this regard, the bottled water is completely fulfilling the EPA standards, and it is quite                 

suitable for human health.  

For the statistical SPSS analysis, a student’s t-test utilized on the means of two data groups, bottled                 

water and tap water of Riyadh, Jeddah, and Dammam cities, in order to find out either the difference                  

between the data is significant or not. As we perform the SPSS analysis on the bottled water and tap                   

water of Riyadh, we found only the turbidity and sulfate data isn’t significant, and all other data are                  

significant.  

Table 5: T-​Test Results for Bottled Water and Riyadh Water 

Serial 
Num  

Properties Mean 
Value 

Standard 
Deviation 

Mean 
Value 

Standard 
Deviation 

T-Val
ue 

Data 
Significance 

Physical Properties 

 Bottled Water Riyadh’s Tap Water   

1 pH 6.9 0.39 7.93 0.1 11.60 Significant 

2 Turbidity 
(NTU) 

0.168 0.74 0.5 0.69 1​.65 Not 
Significant 
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3 TDS 
(mg/L) 

96.75 172.92 601.7 62.1 12.61 Significant 

Chemical Properties 

4 Chloride (Cl​-​) 
(mg/L) 

38.85 56.21 0.16 0.09 3.08 Significant 

5 Copper 
(mg/L) 

0.0315 0.019 0.01 0.01 4.71 Significant 

6 Cadmium 
(mg/L) 

0.1 0 0 0 N/A N/A 

7 Chromium 
(mg/L) 

0.2045 0.1988 0.01 0 4.37 Significant 

8 Lead 
(mg/L) 

0.1 0 0.02 0.2 2.4 Significant 

9 Sulfate 
(mg/L) 

29.35 24.5 65 128 1.62 Not 
Significant 

10 Nickle 
(mg/L) 

1.06 1.127 2.11 2.05 2.47 Significant 

The SPSS analysis performed for the Jeddah’s Tap Water and Bottled water, and we found the result                 

that there is only one parameter, Chromium hasn’t the significant difference when it compared to               

the data of bottled water, it confirms our comparison results because the Jeddah tap water has a                 

very lesser amount of sulfate in water as compared to the other waters. There is also have a lesser                   

difference between the mean values of Jeddah tap water and bottled water. It shows the Jeddah tap                 

water is better than the bottled water with respect to the presence of sulfate anions. Except for the                  

sulfate anions, all the other physio-chemical parameters have a significant difference. 

Table 6:​ ​T-Test Results for Bottled Water and Jeddah Water 

Serial 

Number 

Properties Mean 

Value 

Standard 

Deviation 

Mean 

Value 

Standard 

Deviation 

T-Value Data 

Significance 

Physical Properties 

 Bottled Water Jeddah’s Tap Water   

1 pH 6.9 0.39 7.89 32.7 10.08 Significant 

2 Turbidity 

(NTU) 

0.168 0.74 32.7 2.7 107.32 Significant 

3 TDS 96.75 172.92 194.17 52.36 2.50 Significant 
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(mg/L) 

Chemical Properties 

4 Chloride Ions 

(Cl​-​) 

(mg/L) 

38.85 56.21 85.66 35.4 3.60 Significant 

5 Copper 

(mg/L) 

0.0315 0.019 108.7 12.63 91.46 Significant 

6 Cadmium 

(mg/L) 

0.1 0 31.31 7.68 43.20 Significant 

7 Chromium 

(mg/L) 

0.2045 0.1988 0.18 0.23 0.495 Not 

Significant 

8 Lead 

(mg/L) 

0.1 0 0.97 5.51 1.678 Significant 

9 Sulfate 

(mg/L) 

29.35 24.5 7.39 3.81 4.00 Significant 

10 Nickle 

(mg/L) 

1.06 1.127 5.88 4.29 10.13 Significant 

T-test performance on the bottled water and Dammam tap water shows that there is a parameter,                

namely, lead, found not significant because in the Dammam tap water has 0.09 mg/L, there is only                 

the difference of 0.01digit which can neglected, and we can say the bottled and the tap water, both                  

have the same concentration of Lead that’s why the there is no significant difference. In contrast, all                 

other physio-chemical parameters have a significant mean difference with the bottled water.  

Table 7: ​T-Test Results for Bottled Water and Dammam Water 

Serial 
Number 

Properties Mean 
Value 

Standard 
Deviation 

Mean 
Value 

Standard 
Deviation 

T-Value Data 
Significance 

Physical Properties 

 Bottled Water Dammam’s Tap 
Water 

  

1 pH 6.9 0.39 7.259 0.506 2.91 Significant 

2 Turbidity 
(NTU) 

0.168 0.74 0.83 0.80 3.09 Significant 
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3 TDS 
(mg/L) 

96.75 172.92 21.60 5.26 1.94 Significant 

Chemical Properties 

4 Chloride (Cl​-​) 
(mg/L) 

38.85 56.21 127.56 217.33 2.25 Significant 

5 Copper 
(mg/L) 

0.0315 0.019 0.01 0.02 4.53 Significant 

6 Cadmium 
(mg/L) 

0.1 0 0.00 0.00 N/A N/A 

7 Chromium 
(mg/L) 

0.2045 0.1988 0.002 0.002 4.56 Significant 

8 Lead 
(mg/L) 

0.1 0 0.09 0.52 0.09 Not 
Significant 

9 Sulfate 
(mg/L) 

29.35 24.5 161.39 161.18 4.69 Significant 

10 Nickle 
(mg/L) 

1.06 1.127 0.005 0.006 4.19 Significant 

The overall SPSS analysis result is showing that the data of the bottled and the tap water of all three                    
regions have a significant difference, which means that it is confirming our comparison results that the                
bottled water is better than the tap water. The t-testing isn’t applied for the T. Coliform because the                  
mean value of T. Coliform in the bottled water data is zero, so, it will always provide a significant                   
result. By going through both comparisons, simple data comparison and the student’s t-test             
comparison we can get the same results and in this connection, we can conclude that the bottled water                  
is better than the tap water in Riyadh, Jeddah, and Dammam cities of Central, Eastern and Western                 
regions of the KSA.  
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Table 8: ​Critical Value for T-Test of Bottled Water and Jeddah Tap Water 
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Table 9: ​Critical Value for T-Test of Bottled Water and Riyadh Tap Water 
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Table 10: ​Critical Value for T-Test of Bottled Water and Dammam Tap Water 

 

 

CONCLUSION  
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The comparison is made between the bottled water and tap drinking water within the three cities,                
Riyadh, Jeddah, and Dammam, of three different regions. Data of bottled water is obtained by “Ion                
Chromatography Metrohum” and “Atomic Absorption Spectrophotometer.” The comparison made in          
two different ways; first, the data is compared to bottled data and tap water data of each city, and the                    
graph is a plot with respect to each parameter. Almost all the graphs are showing that bottled water is                   
in accordance with the EPA standards of drinking water, and it is better for human health as compared                  
to tap water. While the student t-test also performed to find out the significant difference between the                 
data. The probability set for the t-test about 0.05, and the critical value found by using the t-table. By                   
performing both comparisons, we found that bottled water is better for tap water.  

FUTURE WORK 

The bottled water is better for health, but it is remaining in the plastic bottles for a very long time                    
under the high temperature of KSA. Due to this, there might be some plastic emulsion in the water                  
bottles, and this causes the bottled water harmful to human life. In this connection, we need to make a                   
research on the water bottles that keep in store for an extended period of time under high temperature                  
and check out what effect the plastic bottles made on the water quality. 
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