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Abstract 
 

The study aimed to evaluate the bottled water quality in northern of Iraq. One 

hundred ninety two sachets of water samples from the four bottled water 

types were collected from the factories and network tap water and examined 

in the first half of 2019 in Mosul city in northern of Iraq, and assessed their 

suitability for drinking and human consumption through some physic-

chemical features, which are pH, turbidity, total dissolved solid, total 

hardness and other main cation and anions such as calcium and magnesium, 

also nitrate and chloride, iron, lead, copper, cadmium, and manganese, and 

also micro and biological examinations. The results showed that most of the 

collected water samples didn`t comply with Iraq and WHO guidelines due to 

the exceeds of turbidity values of some bottled water and also tap water in 

the city,  also the levels of microbiological parameters were exceeded the 

guideline value. The study found that the variation of water quality 
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depends on storage conditions and also the deterioration of water quality 

were very high in sunlight and shadow storage conditions during the period 

of storage (4 months) while at refrigerator and room storage conditions; the 

impacts were lower. The results showed that, the values of plastic residue 

were highly increased with storage period at sunlight storage. The 

observation illustrated that, the values of total bacterial count and total algal 

count were highly increased with storage period at sunlight storage. The 

study may be do a warning and attention for the decision maker in city to 

avoid the human health risks. 
 

Keywords: Bottled water quality, Mosul, Northern of Iraq, Storage 

condition, Physic-Chemical 

 

1 Introduction 
 

Great quality water is scentless, colorless, tasteless, and free from 

bacterial contamination [1]. Drinking water is considered to be safe for 

human consumption and enough to be consumed with no or low hazard of 

short and or long-term harm by humans. In developing countries, all water 

supplied types to commerce, industry and households do not comply with 

local drinking water standards or WHO guidelines. Anthropogenic activities 

and environmental degradation has disastrous influence on the health and 

sustainability of human communities, and to animal, and biological 

communities. Purifying polluted water to be acceptable degree for human 

uses is possible nowadays with the current technologies while the most 

obstacles is that the high cost of that technologies, as water more polluted, 

the more expensive and energy demand for purifying process. The desalting 

of water through the high consumption of energy for desalination process is 

the solution to water scarcity[2].Water consumption and consumers are 

unaware of the potential health hazards  related with exposure to water-borne 

pollutants produces diseases such as, cholera, diarrhea, dysentery, 

legionnaire’s disease, typhoid fever  and parasitic diseases [3].[4]cited that 

the consumers feared from water pollution of piped water in Mosul. 

Contamination of drinking water and bottled water also poses threats and 

may be harmful  to the health of the consumers who uses it without any 

treatment and cleaning of the sachets, sachet water should be tested to 

determine the level of bacteria such as Bacillus sp., Pseudomonas sp., 

Klebsiella sp., Streptococcus sp., and oocytes of Cryptosporidium sp. and 

reported it [5]. At the household level, economic factors make it necessary to 

buy water in the huge quantity for consumption after stored for a long time. 

Thus, the present study was conducted for investigation of storage and 

exposure to sunlight impacts on quality water of bottled water in Mosul, Iraq, 

lack of safe water and access. 

Globally, and over the last three decades the bottled water consumption 

has increased, rapid consumption may be due to insecurity accessible  
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drinking water and water taste, especially chlorine, are used to water 

disinfection and purify water [6].  In many countries around the world, the 

quality of bottled water is regularly evaluated for human consumption. Water 

quality mainly depends on the water source, type of water clarifier’s process 

and storage conditions [7]. Bottled water quality has been extensively studied 

in many countries, for example in Saudi Arabia [3], Greek, Brazil, Iran[8], 

United Arab Emirates, South Korean[9], Kuwait, Jordan, Bahrain, Canada 

and USA[9,10]. 

Polyethylene terephthalate (PET) is the material commonly used for do 

clear plastic bottles in which bottled water is sold. PET bottle contents, and 

the storage temperature, are influence the rate and the level of leaching of 

organic and inorganic compounds from the bottle[11]. [12] cited that the 

acetaldehyde forming during the polymerization reaction and the hot step 

process in the bottle water manufacture.[13]; reported that the relation of 

storage time with storage temperature on the leaching of DEHP from PET 

bottles. [14]studied that the tested bottled water after exposure to high 

temperature and UV radiation (extreme conditions) to accelerate the 

migration of substances[16]. 

Drinking and bottled water if it is not completely disinfectant and 

sterilized; it may be present some of infectious microorganisms, that may be 

associated some risks with bottled water, the source of the water pollution, 

may be the applied treatment technology, packaging materials[5]. Storage 

conditions of bottled water at specified environmental conditions, total 

aerobic heterotrophic bacteria can present and grow to the levels that may be 

cause a risk to humans[8]. Total aerobic heterotrophic bacterial counts are 

indicators of water treatment efficiency as well as after-growth and biofilm 

formation. Microorganisms could be present in water source and in treated 

drinking water. Thus, consumption of water that has a total aerobic 

heterotrophic bacteria can causes diseases like gastroenteritis and mucous 

membrane infections particularly in persons whose immune systems are 

affected by diseases, or chemotherapy[8].  

In sunlight exposure, Bach et al. [7] illustrated that the PET degradation 

components such as terephthalate monomers and dimers are primarily 

formed at the bottled water. Wegelin et al. [11] were investigating the effects 

of solar water disinfection that could be enhancing the releasing of phthalates 

from PET bottles to the water content. Solar water disinfection is a procedure 

used in some countries to sterilize the water in PET bottles in direct sunlight. 

After 17 Hr of storage in direct sunlight, maximum concentrations of di-(2-

ethylhexyl)-adipate and DEHP were 0.055 and 0.82 µg/l, respectively.  

In the last six years, the consumption of bottled water in Mosul (north of 

Iraq) has been increased, especially in the summer. In Kurdistan government, 

many water companies produced about 1.692 x 109 liter of bottled water in 

2010, (27 bottled water companies). The source of bottled water in Kurdistan 

region is from springs, wells and surface water. The atmosphere temperatures 

in Kurdistan region frequently exceed 45°C at the summer time. Therefore, it 

may be investigate the effect of storage temperature on the physicochemical  
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properties of the bottled water, and also it is very important to investigate the 

effect and the nature of sunlight may affect the quality of this storage bottled 

water. The study aimed to evaluate the mineral water quality and also tap 

water in Mosul city, in addition the impacts of storage condition in mineral 

water. 

 

2 Methodology 
 

• Sampling 

The mineral water and tap water samples collected from the local market of 

Mosul city and tap water sample from Mosul city network.  The collected 

samples were submitted to the laboratory, for subsequent analysis (physical, 

chemical, biological and microbiological analysis)[15]. 

 Material 

All material, reagents and standards used in the present study are high quality 

and American Chemical Society (ACS) vendors which used in analytical 

laboratories. 

 Analytical Methods 

  Water samples were taken from the local market and water network, 

during the study period 2019, and subjected to analysis of some physic-

chemical parameters. The collected water samples were refrigerated at 4
o
C 

for subsequence laboratory tests. The collected samples were submitted to 

the laboratory, for subsequent analysis (physical, chemical, biological and 

microbiological analysis) according to the reference methods in the Standard 

Methods for Water & Wastewater Examination[15]. The water samples name 

and sample size were shown in Table (1). 
 

Table 1 Bottled Water Samples 

 

No. 

Brand(Sa

mple 

Name) 

Sample 

Size 

(ml) 

Source of 

water 
Company/ City  Expire Date 

1 A 500 - Ahram/Zakho 18/11/2019 

2 B 500 Tigris river - - 

3 C 500 - Duhok/Bardarash 24/10/2019 

4 D 500 - Erbil 29/11/2019 

5 E 500 - Ahram/Zakho 26/11/2019 

 

3 Results and Discussion 
 
3.1 Physic-chemical Analysis 
 

The study aimed to evaluate the water quality that collected from local 

market of Mosul city, Iraq. The results of water pH, conductivity, TDS,  
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hardness, Ca, Mg, nitrite, sulphate, chloride, and turbidity were illustrated in 

Table (2). pH, TDS and water turbidity were shown in Figures (1, 2, 3 and 

4)The results of pH, TDS, conductivity, sulphate, nitrite, Ca, Mg, chloride, 

iron, manganese, lead, cadmium and copper were compatible with guidelines 

of WHO (WHO, 2011). The study shows that some parameters in the 

collected water samples, are not detected during the study such as lead, 

cadmium, iron and manganese. Results of water turbidity didn`t comply with 

Iraq and WHO guidelines (WHO, 2011), as shown in Table (2) and Figure 

(3). 

 

3.2 Microbiological Examination 
 

The study aimed to evaluate the water quality that collected from local 

market of Mosul city, Iraq. The results of microbiological examination were 

illustrated in Table (2). The results of microbiological parameters didn`t 

comply with Iraq and WHO guidelines (WHO, 2011), as shown in Table (2). 

The total coli form observations were shown in Figure (5). 

The pH of water is adjusted by the present anions and cations in the 

water system. In surface waters, the pH is controlled by the water carbonate 

content, which mainly is bicarbonate and carbonate. Acidic water may be as 

a result of water pollution such as acid mine drainage and atmospheric acid 

deposition. Steve E.Hrudey  et al. [8] reported in their study, ―Risk 

Management for Assuring Safe Drinking Water‖, showed that human safety 

does not mean that no risk since to demand an absolute standard would mean 

that no water would ever meet this standard and thus no water could ever be 

considered safe. The levels of water risks are acceptable to some types of 

water consumers, this risks level does not clear. Wendy L. Hobson et al. [11 ] 

reported that, ―Bottled, Filtered, and Tap Water Use in Latino and Non 

Latino Children‖, the study was evaluated the water safety and risks based on 

ethnicity and surveys were given to parents at a pediatric clinic in Salt Lake 

City, Utah. The people surveyed were 80% Hispanic, and the obtained results 

illustrated that 30.1% of parents never drank tap water and 42.2% never gave 

tap water to their children. Results showed that a higher percentage of 

Hispanics thought that drinking the tap water make them sick. 
 

Table 2 Physic-Chemical and Bacteriological Parameters of Bottled Water 

 

Water 

brand 

(Sample

) 

Mean 
Range (Min-

Max) 

WHO 

(Guidelines 

Values) 

pH (-) 

A 7.6 7.27-7.97 

6.5-8 

B 7.7 7.32-8.08 

C 7.6 7.35-8 

D 7.7 7.35-7.8 

E 7.6 7.31-8 

Calcium (mg/l) 
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A 27.2 20-50.5 

75 

B 37.5 18-58.116 

C 23.7 30-30 

D 24.6 14-40.08 

E 23.8 9-52.6 

Magnesium (mg/l) 

A 13.9 6.496-27.776 

50 

B 21.4 10.5-40.9 

C 11.1 8.2-15.68 

D 16.6 8.8-27 

E 15.5 9.184-33.152 

Total hardness (mg/l) 

A 128 90-250 

500 

B 207 100-320 

C 110 80-180 

D 136 75-180 

E 124 65-280 

Chloride (mg/l) 

A 7.8 

3.5-11.33 

250 
B 11.5 7.5-14.9 

C 4.3 1.5-7.2 

D 8.0 5.2-10.27 

E 5.7 3.2-8.7 

Sulphate (mg/l) 

A 20.2 18.3-23.87 

250 

B 34.9 28.793-40.2 

C 13.3 11.8-14.88 

D 25.6 20.2-29 

E 20.1 19.2-23.87 

Nitrate (mg/l) 

A 3.6 1.88-5.88 

50 

B 7.2 4.6-9.5 

C 3.1 1.25-4.5 

D 6.5 5.22-8.5 

E 3.7 2.2-6 

TDS (mg/l) 

A 154 108-154.375 

1000 

B 237 237.37-292 

C 102 126.8-135 

D 130 112-240 

E 110 33-121 

Conductivity (µS/cm) 

A 293 220-565 

1500  
B 500 242-580 

C 225 166-280 

D 247 129-270 



 

 

 
 

 

 

 

 

 

Physic-Chemical Survey of Bottled and Tap Water in Iraq 355 

  

E 203 120-242  
Turbidity (NTU) 
A 0.2 0.02-0.37 1.0 

B 9.0 1.67-23.2 

 
C 0.5 0.13-1.2 

D 0.7 0.16-1.75 

E 0.7 0.17-1.2 
Total Bacterial Count (CFU/ml) 

A 112 0-550 

0 

B 210 10-550 

C 81 0-460 

D 238 0-555 

E 51 0-220 
Total Coliform (CFU/100ml) 

A 4.0 0-12 

0 

B 6.0 0-35 

C 3.0 0-7 

D 3.0 0-6 

E 2.0 0-4 
Fecal Coliform (CFU/100ml) 
A 1 0-1 

0 
B Nil Nil 

C Nil Nil 

D Nil Nil 

E Nil Nil 

 0.2 0.02-0.37 

1.0 
B 9.0 1.67-23.2 

C 0.5 0.13-1.2 

D 0.7 0.16-1.75 

E 0.7 0.17-1.2 

Total Bacterial Count (CFU/ml) 

A 112 0-550 

0 
B 210 10-550 

C 81 0-460 
D 238 0-555 

E 51 0-220 

Total Coliform (CFU/100ml) 
A 4.0 0-12 

0 

B 6.0 0-35 

C 3.0 0-7 

D 3.0 0-6 

E 2.0 0-4 

Fecal Coliform (CFU/100ml) 

A 1 0-1 

0 

B Nil Nil 

C Nil Nil 

D Nil Nil 

E Nil Nil 
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      The iron and manganese, lead, cadmium and copper didn`t detect in the 

collected water samples. 

 

 
      

    Figure 1 Temperature of Water Samples 

 

Figure 1 shows the Temperature of water samples. 

 

 
 

Figure 2 pH of Water Samples 

 

Figure 2 shows the pH of water samples 

 

 
 

Figure 3 TDS of Water Samples 

 

Figure 3 shows the TDS of water samples.  
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Figure 4 Turbidity of Water Samples 

 

Figure 4 shows the Turbidity of water samples.  

 

 
 

Figure 5 Total Coliform of Water Samples 

 

Figure 5 shows the Total coliform of water samples.  

 
3.2 Variation of Mineral Water Quality and Actual Found Values 
 

In the study the mineral water quality were investigated and compare 

with the data written the mineral water bottle label. The study found that the 

variation ranged from 55 to 80% in some mineral water, as shown in Table 

(3). These findings may be gives attention to the decision maker for laws and 

regulation applications.[1]executed the  a study of, ―Consumer Perceptions & 

Experiences of Drinking Water Quality in Scotland Secondary Research‖, in 

the recent years, the government had a significant investment in water quality 

in order to be comply with quality standards in Scotland. Evaluation of the 

research illustrated that consumer based on their perceptions of quality of 

bottled water are mainly on transparence, taste and odour 4. However, the 

consumers also take in consideration the water contamination and  
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environmental pollution in water quality judgments. Consequently, some 

peoples thinking that; the bottled water was better quality than in case of 

using tap water due to it was deemed to be clear, tasteless and odourless. 
 

Table 3 Variation Percentages (Actual Values and Label Values 

of Water Quality of Mineral Water) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The letter (D): means that the value of water parameters was varied by 

15% than labeled value, S: means that the value of water parameters was 

varied by less than 5% than labeled value and M: means the parameter didn`t 

mention in the bottle label, Variation percentages (%) = (label value – actual 

value)/label value x 100. 

 

4 Storage Condition and Mineral Water Quality 
 

In the study the mineral water quality were investigated and the impacts 

of storage conditions (sunlight, shadow and inside room and refrigerator) 

were evaluated. The study found that the variation of water quality were 

depends on storage conditions and also the deterioration of water quality 

were very high in sunlight and shadow storage conditions during the period 

of storage (4 months) while at refrigerator and room storage conditions; the 

impacts were lower, as shown in Table (4) and Figure (5, 6, 7, 8, 9, 10 and 

11). The observation illustrated that, the values of total bacterial count and 

total algal count were highly increased with storage period at sunlight storage 

conditions as indicated in Figures (9 and 10). The observation illustrated that, 

the values of plastic residue were highly increased with storage period at 

sunlight storage as indicated in Figure (11). These findings may be gives 

attention to the decision maker for laws and regulation applications that 

related to storage condition and expiration periods. 

In the world, about 1.8 million peoples are dies as a result of water 

pollution and diarrheal diseases every year, 88% of these cases because of  
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uses unsafe water and low efficient sanitation and hygiene facilities (WHO, 

2004). The major cases that recorded in the world are children specially in 

developing countries, where disinfected drinking water using chlorine as 

disinfected and rehabilitate and or upgrading water services could reduce 

diarrhea morbidity by 38.2% and 22.4%, respectively (WHO, 2011). Ikazu,   

et al., (2017)[14] in previous study that, ―An Analysis of a Bottled Water’s 

Design, Source and Brand and its Influence on Perceived Quality and 

Purchase Intention‖, illustrated that with the Europe Bottled Water Market, 

Furthermore, the market of bottled water data of origin country can be 

significantly influence to the consumers’ perception of quality and purchase 

intentions. Eftila Tanellari  et al. [14] made a study on, ―On Consumers' 

Attitudes and Willingness to Pay for Improved Drinking Water Quality and 

Infrastructure‖, and explains that the goal of the study was to investigate the 

impacts of information water sources and risks on human`s willingness to 

purchase for upgrade water quality and infrastructure. Obtained data of the 

study ensure that, as a risk averse, the willingness to eliminate the hazardous 

increases.  

 
Table 4 Storage Condition and Mineral Water Quality 

 

Conditi

on 

Mont

h 
pH 

Turbidi

ty 

(NTU) 

TDS 

(mg/l

) 

Nitrat

e 

(mg/l

) 

Total 

algal 

count 

(u/l) 

Plasti

c 

residu

e 

(µg/l) 

Total 

bacterial 

count 

(CFU/ml

) 

Sunligh

t 

1 7.54 2.6 146 4.9 6700 1.0 2 

2 
7.6 3.05 145 5.1 8800 4.1 86 

3 
7.8 4.6 149 5.7 1072

0 

7.2 117 

4 
8.1 5.5 215 6.8 1280

0 

12.2 147 

Shadow 

1 7.54 2.6 146 4.9 6700 1.0 2 

2 7.6 2.7 147 4.9 7300 1.0 4 

3 7.7 2.7 148 5.1 8200 1.1 16 

4 8 2.8 149 5.2 8300 1.3 29 

Inside 

room 

1 7.54 2.6 146 4.9 6700 1.0 2 

2 7.58 2.7 148 5.0 7040 1.1 12 

 
3 

7.64 2.8 148 5.1 7240 1.1 18 

4 7.74 2.9 149 5.1 7380 1.2 34 

Refrige

rator 

1 7.54 2.6 146 4.9 6700 1.0 2 

2 7.56 2.6 147 4.9 6900 1.1 3 

3 7.61 2.7 147 5 6940 1.1 4 

4 7.68 2.7 149 4.9 7100 1.1 4 
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Figure 5 Water Quality Parameter Deterioration through Four Months at Sunlight 

Storage Condition 

 

 
 

Figure 6 Water Quality Parameter Deterioration through Four Months at Shadow  

Storage Condition  

 

 
Figure 7 Water Quality Parameter Deterioration through Four Months at Inside 

Room Storage Condition 
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Figure 8 Water Quality Parameter Deterioration through Four Months at 

Refrigerator Storage Condition 

 

 
 

Figure 9 Total Algal Count Variation through Four Months at Different Storage 

Conditions 

 

 
 

Figure 10 Total Bacterial Count Variation through Four Months at Different 

Storage Conditions 
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Figure 11 Plastic Residue Variation through Four Months at Different Storage 

Conditions 

 

5 Conclusions 
 
- The present study concluded that the collected mineral water samples 

and the samples collected from Mosul city didn`t comply with the local 

regulation and exceeds of WHO guidelines (water turbidity exceeds over 1.0 

NTU). 

- Storing mineral water in sunlight and improperly storage conditions may 

lead to unsafe domestic uses. 

- Storage conditions affects on water quality as there were clear 

deterioration of water quality for that water stored in sunlight comparing for 

that stored in shadow. 

- There is clear relation between the storage period under the sunlight and 

the concentration of plastic residues in water.  

- The observation illustrated that, the values of total bacterial count and 

total algal count were highly increased with storage period at sunlight 

storage. 
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