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ABSTRACT 

In this research the specifications of Iraqi drinking bottled water brands are investigated throughout 

the comparison between local brands, Saudi Arabia and the World Health Organization (WHO) for 

bottled water standard specifications. These specifications were also compared to that of Iraqi Tap 

Water standards. To reveal variations in the specifications for Iraqi bottled water,  and above 

mentioned standards some quality control tools are conducted for more than 33% of different bottled 

water brands (of different origins such as spring, purified,..etc) in Iraq by investigating the  selected 

quality parameters registered on their marketing labels. Results employing Minitab software (ver. 

16) to generate X bar, and Pareto chart. It was found  from X bar charts that the quality parameters 

of some drinking bottled water brands are not within Iraqi standards set by the “Central Agency for 

Standardization and Quality Control” such as pH values, Fe, Na, and Mg concentrations.  

While the comparison of previously mentioned standard specifications through   radar chart   many 

important issues are detected such as the absence of  lower limits  the whole bottled water quality 

parameters  such as for Na and Mg  also the radar chart shows that Iraqi bottled and tap water 

specifications are almost equal in their quality values. Also the same chart pictured the limited range 

of Iraqi specifications compared to that of Saudi Arabia, and WHO and the need to introduce other 

water specifications such as K, Na, etc. This confirms the need to improve Iraqi bottled water 

specifications since it was introduced on 2000. 

These results also highlighted the weakness of quality assurance activities since only 33 % of the 

investigated companies registered the whole water quality specifications as shown in Pareto chart. 

Other companies do not register any quality characteristics. Also certain companies should be 

stopped due to non-conforming specifications, yet these companies are still producing and selling 

their products in the local market. Quality assurance requires continually monitor the reliability 

(accuracy and precision processes) of Iraqi drinking bottled water companies to match the Iraqi 

Specification Standards, and those companies should continually  approve “How good (accurate and 

precise) is their product( water quality) produced?”. 

 

Key words: quality assurance, Iraqi bottled water, labels, tap water, specifications, WHO, control 

chart, radar chart. Pareto chart. 
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 الخلاصت

ػهٗ انًهصك انزؼشٚفٙ نششكبد  خػهٗ انجٛبَبد انًغده ا  ثبنمُبَٙ اػزًبد حأرى فٙ ْزا انجحث انزحمك  يٍ يٕاصفبد  يٛبِ انششة انًؼج

نهًٛبِ  خانؼبنًٛ خنًُظًخ انصح خانمٛبعٛ خٔ انًٕاصف , خانغؼٕدٚ خانًٕاصفٔ خانمٛبعٛخ انًٕاصفبد انؼشالٛ ثُٛٓب ٔثٍٛ ٔانًمبسَخ خيحهٛ

  ضاؼشعزانغشض  .يٍ انحُفٛخ ء انششةنًب خانمٛبعٛ خيمبسَخ ْزِ انًٕاصفبد يغ انًٕاصفبد انؼشالٛ ذ. كًب رً ِ ثبنمُبَٙأؼجًان

ثبنمُبَٙ    حانًُزدخ نهًٛبِ انًؼجأ  خ% يٍ انششكبد انًحهٛ 33لاكثش يٍ   انًزكٕسِ اػلاِ ٔانًٕاصفبد خانؼشالٛ انزجبٍٚ فٙ انًٕاصفبد

ثٍٛ يخزهف   خهًمبسَن انشاداسٔيخطػ   خانُٕػٛ حادٔاد انغٛطش ثؼط واعزخذ )يٍ يصبدس يخزهفخ يثلا ُٚبثٛغ , يٛبِ يُمبح, ....انخ(

( 16)أصذاس  يُٛٙ ربة. رى اعزخذاو ثشَبيح  خيثجذ ػهٗ يهصمبرٓب انزدبسٚكًب انششكبد  ًُزٕخبد رهكن خ انًُزخجخانخٕاص انُٕػٛ

  اٌ يٍ نٕحخ انغٛطشح نهًزٕعػ  ٔخذ . ًخطػ  ثبسٚزٕنٔ  خنهًزٕعػ نًخزهف انخٕاص انُٕػٛ حنغشض رٕنٛذ كم يٍ نٕحخ انغٛطش

اندٓبص انًشكض٘  يٍ لجم" نًؼذحا خاصفبد انؼشالٕٛظًٍ انً ذنٛغ أحنهًٛبِ انًؼج خنجؼط انؼلايبد انزدبسٚ خؼط  انخٕاص انُٕػٛث

ثًُٛب  اظٓش  .( خ " كًب فٙ لًٛخ انذانخ انحبيعٛخ ٔرشاكٛض كم يٍ ) انحذٚذ ٔ انًغُٛغٕٛو ٔ انصٕدٕٚوانُٕػٛ حنهزمٛٛظ ٔانغٛطش

ػذح يؤششاد آًْب خهٕ انًٕاصفخ انؼشالٛخ نهحذٔد انذَٛب  لا٘  ب  يخطػ انشاداس ٔػجشانًمبسَخ ثٍٛ انًٕاصفبد انمٛبعٛخ انًزكٕسح اَف

ٔانز٘ يٍ انًٓى ادساخّ فٙ انًٕاصفخ  كًب فٙ انحذٔد انذَٛب  نًبدرٙ انصٕدٕٚو ٔ   حخبصٛخ يٍ انخٕاص انمٛبعٛخ نهًٛبح انًؼجأ

  ٔاٚعب   .ح .  كًب اظٓشد َزبئح َفظ انًخطػ  انزمبسة انشذٚذ ثٍٛ يٕاصفبد يٛبِ انششة يٍ انحُفٛخ ٔانًٛبِ انًؼجأ ٛغٕٛوانًغُ

اظٓشد انُزبئح يحذٔدٚخ انًٕاصفبد انؼشالٛخ انًذسخخ يمبسَخ يغ انًٕاصفخ انغؼٕدٚخ ٔيٕاصفخ يُظًخ انصحخ انؼبنًٛخ يٍ حٛث 

ثزشكٛض انجٕربعٕٛو ٔ انصٕدٕٚو ٔغٛشْب يًب ٚشٛش انٗ ظشٔسح رطٕٚش انًٕاصفخ انؼشالٛخ  خهْٕب يٍ ثؼط انًٕاصفبد انًزؼهمخ

 .  2000كَٕٓب اصذاس ػبو 

لذ   انجحث لٛذ% فمػ يٍ انششكبد 33اٌ  اظٓش يخطػ ثبسٚزٕحٛث  خظًبٌ انُٕػٛ اخشاءاد ظؼف  انجحث َزبئح كًب  ثُٛذ 

ثؼط  ظشٔسح رؼهٛك اَزبج  . كزنكخفٙ يهصمٓب انزؼشٚفٙ ا٘ يٕاصف سجذهى رفثمٛخ انششكبد ِ ايب عدهذ كم يٕاصفبد انًٛب

 ػهًب اٌ ْزِ انششكبد خانؼشالٛ خيغ انًٕاصفبد انمٛبعٛ يُزٕخٓب ػذو يطبثمخ يٕاصفبد ثغجت  حأانًؼج ِنهًٛب خانششكبد انًُزد

)دلخ ٔظجػ انؼًهٛبد( نًٕثٕلٛخ   حيغزًش خٚزطهت ػًهٛخ يشالج خظًبٌ انُٕػٛ اٌ ًُزدبرٓب.ث ضٔد انغٕق انًحهٛخٔرثبلاَزبج  يغزًشح

 ٛمخدل كى ْٙ  ثبعزًشاس ثجذ, ٔػهٗ انششكبد اٌ رخانمٛبعٛ خثبنمُبَٙ نهًٕاصفبد انؼشالٛ حأانًؼج ِنهًٛب  خانًُزد خنهششكبد انؼشالٛ

  انًٛبِ( انًُزدخ. ٕغخ  يُزدبرٓب )َٕػٛخعجئ

 

  خ,انؼبنًٛ خيُظًخ انصح, ًٕاصفبدان , خ,انًهصك انزدبس٘ ,  يٛبِ انحُفٛ حأانًؼج خ, انًٛبِ انؼشالٛخظًبٌ انُٕػٛ  :  رئيسيتالكلمبث ال 

   .نهًزٕعػ , يخطػ انشاداس , يخطػ ثبسٚزٕ حنٕحخ انغٛطش
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1- INTRODUCTION  

        Although Iraq has two major rivers as natural water sources, these sources are generally 

polluted, biologically and chemically as a result of lack in appropriate systems for safe disposal of 

sewage, wastewater, industrial, agricultural and medical waste. Water treatment plants, pumping 

stations and water networks suffered from lack of maintenance resulting breakdown ,Stars Orbit 

Consultants and Management Development, 2010. In general, the quality of water is equally 

important as its quantity therefore; water quality is considered as the factor to judge environment 

changes which are strongly associated with social and economic development ,Toma, et al., 2013. 

Bottled water can be defined as any potable water that is manufactured, distributed or offered for 

sale, sealed in food-grade bottles or other sanitary container and intended for human consumption 

Sources of water in bottled water may be springs, wells, or other approved sources, the water inside 

these bottles may be distilled, Carbonated, Ozonized or filtered ,Toma, et al., 2013 and  

Alabdula’aly, and Khan, 1999. 

In developing countries about 1.8 million people, mostly children, die every year as a result of water 

related diseases. Tap water may be harmful to human health due to contamination with microbes. 

Tap water quality may change as a result of exposure to the surrounding environment as open tanks 

or in pipes throughout distances before reaching the consumers , 1991المفرجي , والعساوي ,  ,  and 

Fadhel, 2010. The most important characteristic of bottled water over tap water is the quality, 

especially in terms of taste and regularity. Therefore, bottled drinking water is one of the most 

important sources of drinking water not only in Iraq, but also in the entire world ,World Health 

Organization (WHO), 2004.  Bottled water industry is one of the most thriving industries, in Iraq 

and worldwide. It is the fastest growing drink choice where  water consumption worldwide is  

increased by average 10% annually, therefore, became  the most dynamic sector of all food and 

beverage industries due to accessibility, relatively low cost, better taste, and lower level of 

impurities , Saravanan and Nagarajan, 2013, and  2002 رزوقي والراوي . The bottled drinking water 

industry in Iraq represents 54% over other food industries, more than 100 factories are registered 

(excluding the northern government) these factories produce about 160 Million m³/yr. The factories 

authorized in Iraqi were 10 factories until the end of 2006; currently 234 factories are under 

construction distributed on the different Iraqi governorates. This increase is driven by decrease in 

tap water quality, the lack of control that offers high risk practices that contribute in environmental 

degradation, contamination of natural water resources, and the percentage of failure to conform 

health requirements to Iraqi Standard Specifications released on (2000) , 2010,  العساوي واخرون . 

Baghdad and other governorates are the most affected areas knowing that the highest production 

rates of bottled water factories is also in Baghdad about 11 Million m³/yr ,المذيريت العبمت للتىميت الصىبعيت. 

In this research quality control tools is conducted for more than 33% of different bottled water 

brands in Iraq by investigating the quality parameters registered on their marketing labels. Since 

quality reported in different bottled water labels should continually be assured so that companies 

could answer to the question “How good” (accurate and precise) they are ,U.S. Environmental 

Protection Agency Office of Research and Development, 1979. The collected data are analyzed 

and compared to Iraqi, Saudi Arabia, and World Health Organization (WHO) Standards so as to 

investigate differences in quality characteristic. Also to inform consumers that are not involved in 

the operations of this product quality as it is the goal of quality assurance activities. In the next 

paragraph literature survey is conducted to prevail Iraqi and international interest in bottled water 

quality followed by analysis of results and discussion. Finally conclusions are presumed and stated. 
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2- LITERATURE SURVEY 

        The attention of many researchers is directed towards drinking bottled water quality as they 

studied water specifications from different aspect such as chemical, biological, etc. Ahmed, and 

Bajahlan, 2009. compared the quality of drinking bottled water with tap water; the results showed 

that there were no significant differences in the quality of tap water and drinking bottled water in 

Saudi Arabia. Their physicochemical analysis showed the persistent quality of tap water. Based on 

hardness analysis, bottled and tap water are categorized as soft water. 

Matloob, 2011, evaluated Fluoride content of tap and drinking bottled water currently consumed in 

Babel governorate in Iraq to determine whether Fluoride intakes by Iraqi consumers fell within the 

recommended Iraqi ranges. It was found that the level of Fluoride is far below the level 

recommended by World Health Organization (WHO) and that of Iraqi tap water specifications. 

Semerjian, 2011, collected 32 different bottled water brands, analyzed them into various 

physicochemical levels then compared results with Lebanese institution standards for bottled water, 

where many characteristics are investigated, yet the majority that met different bottled water 

standards for physicochemical parameters. 

Abdulraheem, et al., 2012, focused on measurements and comparison of bacterial concentration of 

endotoxin in variety samples for tap water and bottled water in Kuwait using the Limulus 

Amoebocyte lysate test. Researchers proved that drinking bottled water has less endotoxin compared 

to that of tap water. 

Queiroz, et al., 2012, presented data from two Canadian newspapers of national circulation, for tap 

water and bottled water. The researchers used quantitative and qualitative data for their analysis. 

They observed that the selected print media presented wide range of news reports that provide the 

reader with thoughts on the current situation of water supply quality in Canada. The media has been 

supportive to consumers with important advices to reduce health threats. 

3 - QUALITY CONTROL TOOLS 

        Seven basic tools of quality is a designation of statistical techniques identified as being most 

helpful in troubleshooting issues related to quality. These tools can be used to solve the majority of 

quality-related issues. The seven tools are ;(Cause-and-effect diagram, Check sheet, Control charts, 

Histogram, Pareto chart, Scatter diagram and flow chart)  ,Montgomery, 2005, Kaoru, 1985, 

Masaaki, 1986 and Juran , 1951. 

In this research, control (X-bar) and Pareto charts were employed while Radar chart is used to show 

the range and differences among the Iraq Specification and other standards.  

Quality control and quality assurance differs in their prime goal since, the prime purpose of quality 

control is to serve those who are directly responsible for conducting operations and help in 

regulating current operations. While quality assurance primary purpose is to serve those who are not 

directly responsible for conducting operations but who need to know (consumers) ,Kazemzadeh, et 

al., 2013. 

In general, control chart is used to distinguish between variations in process resulted from common 

and that special causes. Every process has variations; this could be special cause variation. Other 

variations are simply the result of numerous, ever-present differences in the process ,Miller and 

Freund, 1985 and Walkenbach, 2003. Control chart (X-bar) to build need three principals lines 

are; the upper line (UCLX ) as the upper control limit and the lower line (LCLX) as the lower control 

http://en.wikipedia.org/wiki/Troubleshooting
http://en.wikipedia.org/wiki/Quality_(business)
http://en.wikipedia.org/wiki/Ishikawa_diagram
http://en.wikipedia.org/wiki/Check_sheet
http://en.wikipedia.org/wiki/Control_chart
http://en.wikipedia.org/wiki/Histogram
http://en.wikipedia.org/wiki/Pareto_chart
http://en.wikipedia.org/wiki/Scatter_plot
http://en.wikipedia.org/wiki/Flow_chart
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the center line (CLX ) arithmetic mean ( ̅) limit,  calculated according to equations below ,Miller 

and Freund, 1985. 

     
 

 
∑  ̅ 
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  ̅

  √ 
                                                                                                                                    (2) 

 

         
  ̅

  √ 
                                                                                                                                     (3) 

 

  Where; (   ) is the arithmetic mean of the measurements for  

              X 1….n denotes the number of samples. 

 

If a point lies within UCL, LCL, then the process is deemed to be under control. Otherwise, a point 

plotted outside the control limits can be regarded as evidence representing that the process is out of 

control. The performance of a control chart, especially X-bar chart, is usually evaluated under the 

assumption that there are no errors in estimating the process standard deviation used to determine 

the control limits (this is, of course, not always the case in practice) ,Saravanan and Nagarajan, 

2013  and Miller and Freund, 1985. 
Pareto charts could be in both bars and line graph, where individual values are represented in 

descending order by bars, and the cumulative total is represented by the line. The vertical axis is 

the frequency of occurrence, while the vertical axis is the cumulative percentage of the total number 

of defect occurrences ,Kaoru, 1985 and Masaaki, 1986.  

Although Radar chart is not one of the seven quality control tools but it represents an effective 

graphical diagram of displaying multivariate data in the form of a two-dimensional chart for many 

quantitative variables represented on the axis starting from the same point. The application of radar 

charts is the control of quality improvement to display the performance metrics of any ongoing 

program ,Walkenbach, 2003.  

 

4- EXPERIMENTAL PROCEDURE 

        In this study thirty five  different types of Iraqi drinking bottled water labels are collected, three 

samples of each label is collected and the sample size is of (500ml/volume). These samples are of 

different Iraqi resources (springs, drinking water and purified bottled water), from different Iraqi 

governments. The specifications registered on the labels by the manufacturers are different, and 

quality parameters may vary such as for (pH, TDS, Ca, Na, Mg, K, Fe, Cl, and F) depending on the 

origin of the water and the manufacturing company purification processes. The previous nine 

parameters were chosen because they mostly exist in this study. The parameter value is compared 

first with Iraqi standard specifications set by the “Central Organization for Standardization and 

Quality Control” ,Juran , 1951 then with other standard specifications. Results are generated 

employing Minitab software (Ver. 16) to generate X-bar, and Pareto chart. 
 

 

http://en.wikipedia.org/wiki/Bar_chart
http://en.wikipedia.org/wiki/Line_chart
http://en.wikipedia.org/wiki/Frequency_probability
http://en.wikipedia.org/wiki/Quality_management
http://en.wikipedia.org/wiki/Performance_metric
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5- DATA ANALYSIS, AND DISCUSSION 

        Each brand is  given a specific number instead of the  company trade name, as shown in Table 

1. considering that No. 1 to No. 14 represent bottled from northern Iraq (are spring water), from 

No.15 to 35 are for  other Iraqi governorate (drinking water). The specifications of the collected 

samples are listed in Table1, where some factories are not committed to set all the quality 

characteristics. Some factories set most of the quality characteristic such as in northern Iraq form 

{No.1 to No.14}.Other characteristics that are not stated since water origin is spring water from 

Table 2 it could be noticed that there is no significant differences between Iraqi tap, and bottled 

water specifications this requires essential developments in bottled water specifications since 

consumers are currently paying more for almost the same water quality. Also bottled water 

specifications were released more than one decade ago on (2000) hence, updating these standards 

for such important industry is crucial as it is related to everyday use and human health. 

To verify and compare Iraqi bottled water specifications with that of drinking water and tap water 

standards. Also Saudi and WHO standards are listed in Table 2.This table shows that Iraqi 

specification ,Stars Orbit Consultants and Management Development, 2010, واخرون العساوي  and  

2001,  (714المىاصفت القيبسيت العراقيت لميبي الشرة رقم)  ,2010 . are less restricted (wide range of values as in 

Mg and Ca values). Sometimes these specifications are far behind these standards as in TDS values, 

other quality characteristics values are not even included as in Na, or K values. As a result, these 

characteristic should be introduced and reviewed continuously to reduce the gap between other 

standards and that of Iraqi standards. It’s worth mentioning that Saudi Arabia specifications’ , الهيئت

2002, كبمل, 1994السعىديت للمىاصفبث والمقبييس, العربيت  . is one of Iraqi specifications references, yet Iraqi 

specifications are still behind their reference values. On comparison with WHO specifications 

,World Health Organization (WHO), 2004, and Darapu, and et al., 2011. the values of Iraqi 

standards for (Ca, Fe, Cl) are on its maximum acceptable values to WHO standards as could be 

noticed from Table 2.  

All samples had expire date of one year from production date (that should be included also in the 

specifications). From Table 1 and Fig. 1 it could be noticed that most of the investigated companies 

(35) does not classify more than (33%) Iraqi bottled water required characteristics {No. 1937/ 

(2000)}.Only (28 %) of the investigated bottled water factories registered all specifications that are 

declared in Iraqi bottled water specifications (2000). Also (40%) of the investigated companies in 

this research do not register (50%) of the Iraqi specification. While for company No. (27). No 

specific characteristic of the nine characteristics is registered, and this company still selling in the 

local market.    

Pareto chart shows the accumulative specifications that are not registered for the collected Iraqi 

samples Fig.1 where the horizontal axis represents the not registered characteristics on the water 

bottle  label, and the vertical axis presents the number of companies investigated in this study. The 

above mentioned percentages could be observed clearly in this Pareto chart Fig. 1.  

Fig.2 presents comparison between (Iraqi, Saudi Arabia and Worldwide) Standards, Radar chart is 

conducted to reveal the range for each specification value, and the full view of each standards in 

graphical comparison between (Iraqi, Saudi Arabia and Worldwide). From Fig. 2  and Table 2 it 

could be noticed the absence of minimum limit values for Iraqi tap water standards. Since only the 

maximum values for each quality is stated, consequently updating this standards is essential. Also 

the limited range of coverage for Iraqi bottled water specifications in both aspects of values and 

existing characteristics, compared to the wide range covered especially by World health 



Journal of Engineering Volume   21  October  2015 Number 10 
 

 

120 

 

organization standards. This means that Iraqi Specifications should be developed to enhance water 

specifications and update the standard periodically for this important industry that is related to 

everyday use and human health. These not including characteristics should be introduced and 

reviewed continuously to improve these characteristic also to reduce the gap between other 

standards and that of Iraqi standards.   

Detailed notes and results of specifications for selected parameters are shown below as control 

charts for nine different water in Figs. 3 to 11 {knowing that the red line indicates to the upper and 

lower control limits and the green line indicates to center line or means} generated employing 

Minitab software (Ver. 16).   

    

  pH  

pH is a measure of the activity of Hydrogen ions (H+) in a solution  therefore, solution is either 

acidic (pH less than 7) or alkaline (pH greater than 7), pure water of pH very close to 7 

,http://www.engineeringtoolbox.com/food-ph-d_403.html. pH value according to Iraqi Standards  

for drinking bottled water ranges (6.5 – 8.5), but for WHO Specifications pH ranges  (6.5 – 8.5) and 

their values do not exceed the allowable limits, as shown in Fig.3 from this control chart it was 

found that company No. (18) does not reach the minimum limit (almost acidic). While for 

companies No. (26 and 30) pH values are not verified in their labels although it is basic and 

important characteristics. 
 

 Total Dissolved Solids (TDS)  

This quality characteristic is not included in Iraqi standard specification yet, although it is an 

important quality characteristic parameter. Yet it could be noticed from Fig.4  that (50 %) of Iraqi 

companies tested in this study haven included the (TDS) values in their labels. Total dissolved solid 

(TDS) describe the inorganic salts and small amounts of organic matter present in water. The 

presence of dissolved solids in water may affect its taste. The estimated taste levels of TDS found as 

excellent (less than 300 mg/l), good between (300 and 600 mg/l) fair, between (600 and 900 mg/l); 

poor, between (900 and 1200 mg/l) and unacceptable (greater than 1200 mg/l).Water with extremely 

low concentrations of TDS may also be unacceptable because of its flat, insipid taste ,Gray, 2008, 

Total dissolved solids in Drinking-water, 2003. As a benchmark for assessment and verification 

X-bar chart for this investigated characteristic employ Saudi Arabia standard specification of bottled 

water as shown in Fig. 4 where the minimum TDS value is (100) and the maximum value is (700).  
 

  Calcium (Ca) 

Calcium is one of the important elements to human body essential to embryonic stages of growth, 

pregnancy and lactation, as well as its importance in the formation of bones and teeth, blood 

clotting, and the work of the nervous system ,Gray, 2008. From control chart Fig. 5 it could be 

noticed that all the investigated companies haven’t exceed Iraqi standard specification limits that is 

equal to (75.0 mg/l). Ca value for WHO specifications is (0.10 mg/l). It could be noticed from Fig. 5 

for companies’ No. (22 and 24) hadn’t inscribed Ca content in their labels. Whilst for companies 

No. (13 and 21) Ca value is out of control limits. Therefore, better quality control, inspection and 

quality assurance to such factories’ specification is mandatory.  

 

 

http://www.engineeringtoolbox.com/ph-d_483.html
http://www.engineeringtoolbox.com/food-ph-d_403.html


Journal of Engineering Volume   21  October  2015 Number 10 
 

 

121 

 

  Sodium (Na) 

Sodium value must be kept at minimum values because death of babies may occur, drinking formula 

feeds made up with high-Sodium mineral waters, so exploit the water with lowest Sodium content 

you can get. The taste sill for sodium in water depends on the associated anion and the temperature 

of the solution ,Gray, 2008. Na values are also not set in Iraqi standards neither in Saudi Arabia 

standards, but the minimum value for WHO standards is (0.20 mg/l) and the maximum limit is not 

recorded since less is better. Certain Iraqi companies didn’t exceed the minimum limit, while for 

companies No. (17 and 23) their values are out of control limit. Whilst (25 %) of companies haven’t 

include Na in their specification labels. as shown in control chart Fig. 6. 
 

  Magnesium (Mg) 

Along with Calcium, Magnesium is a major constituent of water hardness and a major dietary 

requirement for human. Levels are generally low in bottled water, although there are except ions 

,Gray, 2008. Mg value in Iraqi standards is (30.0 mg/l).From control chart Fig. 7 It could be noticed 

that for companies   No. (7, and 17) exceed Iraqi limits while for two companies No. (27, and 35) 

haven’t mention the Mg content in their labels, while company No. (17) Mg value is out of control 

as shown in Fig. 7 
 

  Potassium (K): 

It is an essential element the body finds it hard to deal with excess Potassium, resulting in kidney 

stress and possible kidney failure. Although Potassium is not considered to be toxic, long-term 

exposure to high Potassium concentrations should be avoided ,Gray, 2008. Iraqi and Saudi 

standards haven’t included K values, but world health organization sets only the minimum value of 

K as (0.10 mg/l). This value is used on employing the control chart as shown in Fig. 8. Some Iraqi 

companies haven’t exceed the minimum value, for company No.(20) K value is out of control as 

shown in Fig. 8 

 

  Iron (Fe) 

Iron is an essential and is very unlikely to cause a threat to health at the concentrations occasion ally 

recorded in water supplies. It is undesirable in excessive amounts and can cause number of 

problems. Iron encourages the development of a microbial slime comprised of iron bacteria on piped 

surfaces that can affect flow and cause consumer complaints. Iron also causes staining of laundry 

and discoloration of vegetables such as potatoes and parsnips during cooking. More importantly, 

Iron has a fairly low taste threshold for such a common element, giving the water strong unpleasant 

bitter taste that may spoils most beverages made from tap water , Gray, 2008. Control chart Fig. 9 

shows the companies under this study are within control limits of Fe values except for company No. 

(17) exceeded the upper control limit of Iraqi specifications (0.3 mg/l) {Fe value for this company is 

(22 mg/l)}.While (85 %) companies haven’t register or evaluate an important content (Fe) in their 

specifications, as shown in Fig. 9 
 

  Chloride (Cl) 

Chloride is not dangerous at the concentrations found in bottled waters. It has a taste threshold of 

about (200 mg/l), but levels are generally much lower than this in mineral waters. If bottled water is 

to be used for making up drinks such as tea, coffee and fruit juice, then the lower the Cl  is the better 
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,Gray, 2008. Control chart Fig. 10 shows that Iraqi companies of bottled water hadn’t exceeded 

Iraqi or World standards for Cl concentration. The range of Cl in Iraqi and World standards 

Specification is (0.10 – 250) mg/l. Control chart showed that Cl values of companies No. (17, 19, 

and 23) are out of control as shown in Fig. 10 

 

  Fluoride (F) 

If consumers are going to use bottled water as a complete replacement for tap water, for both 

drinking and cooking, then the F level must be (1.0 mg/ l) or less to avoid dental Fluorosis and other 

associated problems ,Gray, 2008. The studies show that drinking water containing (1.0 mg/l) 

Fluoride concentration helps to reduce the incidence of tooth decay by 65% for the children aged 

between (12-15) years ,Fadhel,2010. Iraqi specification did not include F concentration therefore, 

Saudi Standards are taken as a benchmark of (0.6 – 1.0) mg/l. Control chart showed that the whole 

investigated companies are within control limits as shown in Fig.11 Also all Iraqi  these companies 

haven’t exceeded the WHO specifications. According to control chart Fig. 11 (60 %) of the 

investigated companies haven’t included the F specification label. 

   

6. ANALYSIS OF QUALITY ASSURANCE ACTIVITIES 

        Quality assurance necessitates continuous monitoring processes to presents product (bottled 

water) with accurate and precise recorded results which are the quality characteristics claimed on the 

bottles (products) of these companies where:  

 Some of the investigated companies have the same symbol (same specifications in the logo) such 

as companies (No.1, No.2, No.11, No.12), (No.3, No.9), (No.5, No.6) (No.22, No.24) and 

(No.29, No.33) or three different products (labels) such as company No.32. Others claim that the 

product is according to standards other than Iraqi standards as in company No.27 that did not 

register specific characteristic its register the minimum and maximum values as discussed earlier. 

On the other hand company No. 32 is promoting for their product depending on certain 

characteristics (low Sodium) that is not even included in Iraqi bottled water standards. Therefore, 

the quality should be assured so as the legal consequences could be enforced and activated. 

 Although the water expire date is essential and it is one of the required characteristics to be 

registered on labels according to Iraqi standards, but none of the investigated companies(for 35 

different Iraqi factories) fix the expired date on their labels  rather fix the duration of use as  one 

year.  
 

7- CONCLUSIONS 

        Water issues are important for life and human health, this study highlighted the following 

conclusions are deduced:-     

i. Plants in northern Iraq committed to recording water specifications on their labels more than 

other governorates in Iraq; this is due strict monitoring and demanding for control there. 

ii. The expired date for all samples is one year as recorded by the manufacturer’s note. It is 

within Iraqi specifications requirements and must be recorded on the labels too. 

iii. It was found that some companies produces the same bottled water specifications under to 

different 

brands(trademarks){(No.1,No.2,No.11,No.12)},{(No.3,No.9)},{(No.5,No.6)},{(No.22,No.2
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4)}and{(No.29,No.33) }, and one company produce its product brand with four different 

colors (No. 32). 

iv. It was found that some companies misleading the consumers by labeling wrong data, use 

inappropriate or the same logo for different water sources when promoting their product.   

v.  Iraqi bottled water specifications  need to introduce  new and important quality parameters 

that are introduced Saudi standards such as (TDS, F) and WHO standards such as (Na, K) 

and to continual updating is needed  towards reducing the gaps between them and those 

international standards. 
 

8. RECOMMENDATIONS 

i. Most of companies under study did not conform Iraqi specifications therefore; 

governmental quality control, quality assurance on this industry factory is required.   

ii. Need of better control on manufacturing plants since most of the used bottled water 

lack in writing complete required information of Iraqi standards. 

iii. Some manufacturing companies should be stopped since their water  

iv. Characteristics are not registered either because they are not quantifying them or 

there is no quality control department in these companies. 

v.  Other sources of water: natural mineral, spring, etc. must be tested periodically to 

license them. 
 

 

REFERENCES  

 

 Abdulraheem A., Mustafa S., Al-Saffar N. and Shahjahan M., 2012, Detection of Bacterial 

Endotoxin in Drinking Tap and Bottled Water In Kuwait, Environ Monit Assess 184:7323–

7328, /IVSL. 

 

 Ahmad, M., and Bajahlan, A. S., 2009, Quality Comparison of Tap Water vs. Bottled Water 

in the Industrial City of Yanbu (Saudi Arabia), Environ Monit Assess 159:1–14, / IVSL. 

 

 Alabdula’aly, A. I. and Khan, M. A., 1999 Chemical Composition of Bottled Water in Saudi 

Arabia, Environmental Monitoring and Assessment 54: 173–189, /IVSL.  

 Available at  http://www.engineeringtoolbox.com/food-ph-d_403.html 

 

 Darapu, Er. S. S. K., SudhakarEr. B., Krishna K. S. R., Rao P. V., and Sekhar M. C.,  2011 

Determining Water Quality Index for the Evaluation of Water Quality of River, International 

Journal of Engineering Research and Applications (IJERA) Vol. 1, Issue 2, pp.174-182 . 

 

 Fadhel A. M., 2010, The Quality of Drinking Water Bottled Domestic and Important in Iraq, 

Uruk Journal of Scientific Research, volume III, No.2, April. 

http://www.engineeringtoolbox.com/food-ph-d_403.html


Journal of Engineering Volume   21  October  2015 Number 10 
 

 

124 

 

 Gray N. F., 2008, Drinking Water Quality, Cambridge University Press2
nd

 edition, Pages 

(191, 210, 426, 427). 

 

 Juran, J. M., 1951, Quality Control Handbook, New York, New York: McGraw-Hill,. 

 

 Kaoru, I.,  1985,  What Is Total Quality Control? The Japanese Way, (1 ed.), Englewood 

Cliffs, New Jersey/USA: Prentice-Hall, . 

 

 Kazemzadeh, R. B., Karbasian, M., Babakhani, M. A., 2013, An EWMA  Chart with 

Variable Sampling Intervals for Monitoring The Process Mean”, International Journal 

Advanced Manufacturing Technology, No.66, PP.125-139.  

 

 Masaaki I., 1986,  Kaizen (Ky'zen), the Key to Japan's Competitive Success (1 ed.), New 

York/USA: Random House,.  

 

 Matloob, M.  H., 2011,“Fluoride Concentration of Drinking Water in Babil-Iraq”, Journal 

of Applied Science 11(18): 3315-3321, /IVSL. 

 

 Miller, I., Freund, J.E., 1985, Probability and Statistics for Engineers, 3
rd

 edition., Prentice 

Hall, Englewood, Cliffs.  

 

 Montgomery, D., 2005,  Introduction to Statistical Quality Control. Hoboken, New 

Jersey/USA: John Wiley & Sons, Inc. 

 

 Queiroz, J. T. M., Rosenberg, M. W., Heller, L., Zhouri, A. L. M. and Silva, S. R., 2012 

News about Tap and Bottled Water: Can This Influence People’s Choices? , Journal of 

Environmental Protection, 3, 324-333,/IVSL. 

 

 Saravanan, A. and Nagarajan, P., 2013, Implementation of Quality Control Charts in Bottle 

Manufacturing Industry, International Journal of Engineering Science and Technology 

(IJEST), 0975-5462 Vol. 5 No.02 February, /IVSL. 

 

 Semerjian, L. A., 2011, Quality Assessment of Various Bottled Waters Marketed in Lebanon, 

Environ Monit Assess ,172:275–285, / IVSL. 

 Stars Orbit Consultants and Management Development, 2010, Water Quality Control and 

Surveillance in Iraq (Phase Two) (E3-11), World Health Organization (WHO), May. 

 

 Toma, J. J., Hanna N. S., and Mohammed, B. A., 2013, Effect of Storage Condition on Some 

Bottled Water Quality in Erbil City, Kurdistan Region Iraq,  International Journal of 

Software and Web Sciences (IJSWS),  12-339. 

 Total dissolved solids in Drinking-water, 2003, Guidelines for drinking-water quality, 2nd 

ed. Vol. 2, WHO, Geneva, Available at 

http://www.who.int/water_sanitation_health/dwq/chemicals/tds.pdf  

http://en.wikipedia.org/wiki/New_York,_New_York
http://en.wikipedia.org/wiki/McGraw-Hill
http://en.wikipedia.org/wiki/Kaoru_Ishikawa
http://en.wikipedia.org/wiki/Englewood_Cliffs,_New_Jersey
http://en.wikipedia.org/wiki/Englewood_Cliffs,_New_Jersey
http://en.wikipedia.org/wiki/Prentice-Hall
http://en.wikipedia.org/wiki/Masaaki_Imai
http://en.wikipedia.org/wiki/New_York_City
http://en.wikipedia.org/wiki/New_York_City
http://en.wikipedia.org/wiki/Random_House
http://www.eas.asu.edu/~masmlab/montgomery/
http://en.wikipedia.org/wiki/Hoboken,_New_Jersey
http://en.wikipedia.org/wiki/Hoboken,_New_Jersey
http://en.wikipedia.org/wiki/John_Wiley_%26_Sons
http://www.who.int/water_sanitation_health/dwq/chemicals/tds.pdf


Journal of Engineering Volume   21  October  2015 Number 10 
 

 

125 

 

 U.S. Environmental Protection Agency Office of Research and Development, 1979, 

Handbook for Analytical Quality Control in Water and Waste water Laboratories, March, 

Cincinnati, OHIO, USA. 

 

 Walkenbach, J., 2003, Excel Charts, Wiley Publishing Inc., Indianapolis, Indiana. 

 

 World Health Organization (WHO), 2004, Water, Sanitation and Hygiene Links to Health 

Available at:www.who.int/water_sanitation-health/publications/facts2004/en/index.html.  

 

 www.minitab.com. 

 

 ,دساعخ ٔالغ صُبػخ يٛبِ انششة انًؼجأح فٙ انؼشاق ثٍٛ الاػٕاو  ,2008, انشأ٘ يحًذ ػًبس سصٔلٙ عشاة يحًذ "
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Table 1. Iraqi bottled water specifications of brands according to their labels. 

Quality Parameters 

Company 

No. 
pH TDS Ca Na Mg K Fe Cl F 

1 7.2 N.A 24.2 N.A 4.4 N.A N.A 11.5 0.03 

2 7.2 N.A 24.2 N.A 4.4 N.A N.A 11.5 0.03 

3 7.2 120 22 2.2 5 0.2 N.A 4.1 0.7 

4 7.8 N.A 26 N.A 7.5 N.A N.A N.A N.A 

5 7.38 N.A 28 2.91 3.4 N.A 0.003 1.4 N.A 

6 7.38 N.A 28 2.91 3.4 N.A 0.003 1.4 N.A 

7 7.48 N.A 16.74 2.76 42.44 1.17 N.A 5.27 0.19 

8 7.48 257 25.65 0.4 7.05 0.2 N.A 4.9 N.A 

9 7.2 120 22 2.2 5 0.2 N.A 4.1 0.7 

10 7.3 125 34.2 7 11 1 N.A 11 N.A 

11 7.2 N.A 24.2 N.A 4.4 N.A N.A 11.5 0.03 

12 7.2 N.A 24.2 N.A 4.4 N.A N.A 11.5 0.03 

13 7.9 N.A 52 N.A 9 N.A N.A N.A 0.32 

14 7.2 124 27 1.1 8 0.5 N.A N.A N.A 

15 7 110 0.5 16 13 1 N.A N.A N.A 

16 7.2 N.A 10 9 12 6.2 N.A 20 0.7 

17 8.2 150 3.5 50 125 N.A 22 40 N.A 

18 6.08 N.A 8.64 N.A 5.40 2.36 N.A N.A N.A 

19 7.2 150 3.6 21 10 1 N.A 50.2 0.02 

20 7.5 180 19 13 11 15 N.A N.A N.A 

21 7.3 N.A 64 11 22.08 2 N.A 4 N.A 

22 7 110 N.A 16 1.3 1 N.A N.A N.A 

23 7 170 16 44 11.7 1.5 N.A 59 N.A 

24 7 110 N.A 16 13 1 N.A N.A N.A 

25 7.4 180 33 2.3 16 0.3 0.01 7 0.1 

26 N.A 110 5 16 13 1 0.01 27.5 1 

27 7.5 30 15 10 N.A 5 N.A 10 N.A 

28 7.5 120 24 21.9 7 1.06 N.A 14 N.A 

29 7.4 N.A 22 N.A 10 0.3 N.A 7 N.A 

30 N.A 80 15 13 4 0.9 0.02 14 0.9 

31 7.9 130 31.3 3.5 5.2 0.5 N.A 5.1 0.01 

32 7.2 101 12 11 3 0.6 N.A 25 1 

33 7.4 N.A 22 N.A 10 0.3 N.A 7 N.A 

34 7.3 190 20 5 2.4 0.4 N.A N.A N.A 

35 7.6 30 15 10 N.A 5 N.A 10 N.A 

 
N.A: Not Available Values  
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Table 2 . Comparison between Iraqi bottled water and other standards.  

Standards 
 

Specifications/units 

 Iraqi Standards
  

Saudi Arabia 

Bottled Water 

Standards
 

WHO Bottled 

Water Standards Tap Water Bottled Water 

pH 6.5-8.5 6.5-8.5 6.5-8.5 6.5-8.5 

TDS (mg/l) 1000 N.A 100-700 1-500 

Ca (mg/l) 50 75 75 0.1-75 

Na (mg/l) 200 N.A N.A 0.20 

Mg (mg/l) 50 30 30 0.10 

K (mg/l) N.A N.A N.A 0.10 

Fe (mg/l) 0.3 0.3 0.3 0.01-0.3 

Cl (mg/l) 250 250 250 0.1-250 

F (mg/l) 1 N.A 0.6-1 0.1-2 

N.A: Not Available Values  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1.Pareto chart of Iraqi bottled water specifications. 
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Figure 2. Radar chart of {Iraqi, Saudi Arabia, and WHO} bottled water specifications. 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3. X-bar of pH values in bottled water companies. 
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Figure 4. X-bar of TDS concentration in bottled water companies. 

 

 

Figure 5. X-bar of Ca concentration in bottled water companies. 
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Figure 6. X-bar of Na concentration in bottled water companies. 

 

Figure 7. X-bar of Mg concentration in bottled water companies. 
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Figure 8. X-bar of K concentration in bottled water companies. 

   

 

Figure 9. X-bar of Fe concentration in bottled water companies. 



Journal of Engineering Volume   21  October  2015 Number 10 
 

 

132 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 10. X-bar of Cl concentration in bottled water companies. 

  

 

Figure 11. X-bar of F concentration in bottled water companies. 


