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Abstract: The scarcity of safe drinking water is one of the problems faced by the majority of cities in the world. Kirkuk city is
one of these cities, which suffer from a shortage of drinking water. People have adopted the use of different rooftop tanks to
overcome this problem. This research focuses on studying the effect of storage time on the five main characteristics of drinking
water, which include, acid index (pH), electrical conductivity (EC), total suspended solids (TSS), total dissolved solids (TDS),
and turbidity (Tr). Three types of tanks were used predominantly (galvanized metal, plastic, and aluminum tanks). By analyzing
the results, the characteristics of three samples of municipal source water obtained. Three samples were taken from each tank at
different periods (4, 8, and 12 days). The results showed that the storage time affected the characteristics of drinking water. These
characteristics differed from one tank to another. Metal tanks showed an increase in total dissolved solids, due to the evaporation
process, even as plastic and aluminum tanks showed an increase in pH. The properties of all storage water tanks changed with
times, but overall, the results were within the Iraqgi limitation for drinking water. It was not easy to only depend on the results of
this study to believe that any one type of water tank was better than the other, as the values of most of the variables studied had
varied from one type to other. However, many studies have indicated a number of health risks, and most significantly with regard
to plastic tanks, which are said to contain dangerous organic compounds that can be transferred to water. Metal tanks can cause
zinc leakage, caused by a number of environmental factors at high levels. Aluminum tanks also can have an effect on the water in
tanks.
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1. INTRODUCTION

One of the most important challenges of the twentieth century is the provision of drinking water suitable for human
consumption[ 1, 2, 3]. In most countries of the world, especially those that suffer from water shortage, the society
uses reservoirs of various capacities for keeping sufficient quantities of this water for daily use. The problems of
water quality in storage tanks can be classified as chemical, physical, and microbiological. The deterioration of
water quality probably results from the excessive storage period of the water in many reservoirs. The excessive and
long period of holding and storing water may cause chemical changes and microbial growth] 4]. The reservoirs of
water, especially water reservoirs, can be a potential health hazards if they are not placed in the proper place and, are
not properly constructed and safely maintained [5]. These tanks vary in size and type, and are made of galvanized
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metal, aluminum, and recently, a new type of polymeric materials (plastic tanks) has been used. Water pollution
problem in roofs tanks of houses depends on many factors. They are affected by physical factors (plankton),
chemical factors (leakage of some components of reservoirs, such as, zinc and others), and biological factors
(bacteria and viruses). This type of water pollution may cause many health problems, such as, cholera, poliomyelitis,
malaria, diarrhea, hepatitis, typhoid, renal failure, bilharzia, liver disease, and cancer [6, 7, 8]. The most significant
risks and health problems caused by pollution of water in the domestic tanks are due to the chemical contamination
of a number of components of these reservoirs [9]. Tanks that are made of aluminum, over time and due to weakness
of sustainability, affect the nature of the stored drinking water[10]. Even as the metal reservoirs (galvanized) may
cause leakage of a certain amounts of heavy metals, especially zinc and cadmium[11]. Also in plastic reservoirs,
some of its organic compounds may leak into the water and provide a conducive environment for the growth of
bacteria[12, 13]. Concrete reservoirs may be a habitat for the presence and spread some of microbial species, which
can stick to their coarse surfaces and become difficult to clean [14]. Reservoirs that are made of asbestos, are
considered to be an important source of a number of pollutants that can cause cancerous tumors to grow[15, 16]. In
recent times, many people have resorted to the use of plastic storage tanks based on their belief that they are good
for the safety of their health and environment. However, many recent studies indicate that there are many potential
health and environmental risks involved, due to the leakage of some of the plastic organic components into the
drinking water, which may lead to several serious diseases [17, 18]. This study can evaluate the impact of the
material of the storage reservoir on the water quality in roof water reservoirs, in the city of Kirkuk, Iraq. The overall
objective is to determine how the materials used to construct household water storage tanks impact the quality of
water in household storage reservoirs.

2. MATERIALS AND METHODS

The study was conducted on three types of surface water tanks used in houses of Kirkuk city. The first type was
made of metal material (galvanized), the second was made of plastic, and the third type was made of aluminum. The
water quality test was conducted on three samples, for each tank type, at three different periods (4 days, 8 days, and
12 days) in May 2017. All tests were conducted at the Laboratory of Environmental and_Pollution Department in the |
College of Technical Engineering, in Kirkuk (North Technical University). The total number of samples was27, as
also a control sample from the source of filling the reservoirs, without storage. The physical and chemical properties
of stored water including pH, electrical conductivity, total suspended solids (TSS), turbidity (NTU), and total
dissolved solids (TDS) were measured for each sample after the storage periods and compared with the control
sample taken from the water source without storage. |
3. RESULTS AND DISCUSSION

The results of water properties obtained by sampling water of all types from storage roof tanks, at three different

periods, and the control sample (average and standard deviation) are illustrated in Table (1), shown below.
Table (1): Physical and chemical properties of water from three types of demotic tanks, before and after the storage periods.

Electrical Total Total
conductivit suspended Turbidity dissolved
Type of Tank | Storage Period pH y solids (TSS) solids (TDS)
(uS/cm) (NTU)
" (mg/l) (mg/l)
4 days 7.27+0.2 737 +£95.3 840.2+415 421+0.31 788 £8.5
Metal Tank
(qalvanized) 8 days 7.24+0.1 824 +83.2 1019 £ 69.4 4.3+0.44 912 +55.43
12 days 7.22+0.3 | 1302+124.8 | 1123 +100.2 4.36 +0.35 1210+ 32.7
4 days 7.82+0.02 | 943+120.2 128.1+20.9 4.13+0.21 133.5+224
Plastic Tank 8 days 7.87 £0.07 864 +98.4 68.9+13.1 4.11+0.22 75.6 £13.8
12 days 7.91+0.01 | 756+112.7 34.2+35.4 4.08+0.31 38.3+90.22
Aluminum 4 days 7.92+0.03 1085+ 95.7 310.2+25.4 4.22+0.11 1480 + 70.5
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Tank 8 days 8.11 £0.06 1013 +88.4 175.4+1238 4.14 +0.13 718 +40.8

Tank 12 days 8.2+ 0.02 723 £82.3 155.3£10.2 4.05+0.12 612 +66.2

Control Sample
7.2+0.01 458 +102.5 245.4+8.2 4.44+0.01 510.6 + 10
(source of water)

For pH values, the study found that the highest pH value was (8.2 + 0.02), recorded in the water sample of the
aluminum tank type after a storage period of 12 days, where the lowest value was (7.2 + 0.01) for the control sample
as shown in Figure (1). The increase in the value of pH in the water from the aluminum tanks, in comparison to
other types, may be due to the occurrence of chemical reactions in water.
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Figure (1): Average pH values of water samples after three periods of storage in three types of storage tanks.

One of the significant chemical reactions that occurred in the stored water was an increasing pH values, as storage
facilitated the absorption of heavy elements that could exist in water for various reasons, such as, the elements that
leaked by corrosion in the pipe of the water distribution system, as the readiness of these elements depending on the
value of pH. The increase in the value of pH leads to the propagation of living organisms and changing the standards
of water. These results are similar to the results of many studies that dealt with drinking water produced in drinking
water treatment plants[20] . A study was carried out in Baghdad and the pH value ranged between (6.63 and 7.9),
also the study, where the samples were collected from the Al-Wahda and Al-Qadisiyah water treatment plants, from
July 2015 to April 2016, and the results of pH values ranged between (7.15 and 8.55). The pH values in this study
for each types of tanks and the control sample were within the permissible limits for the Iraqgi criteria and the World
Health Organization (WHO) standards for drinking water (6.5 — (8.5).

The results of electrical conductivity (EC) for water samples from the metal tank (galvanized) ranged from (737
uS/cm) for a storage period of four days to (1302 uS/cm) for a storage period of twelve days, even as, the results of
samples from the plastic tank ranged from (943 pS/cm) for a storage period of four days to (756 uS/cm) for a
storage period of twelve days.. On the other hand, the electrical conductivity of the water samples for the aluminum
tank ranged from (1085 pS/cm) for a storage period of four days to (723 uS/cm) for a storage period of twelve days.
The electrical conductivity value for the sample of water from the control was (458 uS/cm), as shown in Figure (2)
below.
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Figure (2) Average electrical conductivity values of water samples after three periods of storage in three types of storage tanks.

The increase in values of electrical conductivity for water samples in metal reservoirs (galvanized) compared with
the other types of reservoirs, is perhaps because the evaporation process in these types of reservoirs is more than the
other types. This process will increase the concentration of total dissolved solids and increase the concentration of
salts that exist in the water, which are responsible for increasing the values of (EC). The results of this study are
very similar to the results of other studies conducted on drinking water in other parts of Iraqg, for example Al Azawi
found that the EC values of the water samples in the study ranged from (713.5 pS/cm) to (1108 pS/cm) [19]. The
values illustrated are within the Iragi permissible limits and the WHO standard limits, which is (1500 puS/cm).

The results of the tests for total suspended solids (TSS) in water samples recorded the highest values for the water
samples stored in the metal tanks (galvanized), where their values ranged from (840.1 mg/L) to (1123 mg/L), even
as the lowest values of TSS were found,in water samples obtained from the tanks made of plastic, where their
average values ranged from (756 mg/L) to (943 mg/L). The results of the TSS for each sample are illustrated in
Figure (3).

Total Suspended Solids TSS (mgfl)

1500

500

0

Metal Tank  PlasticTank  Aluminum Control
{galvanized) M4day W8dankd 12daysample

Figure (3): Average values of total suspended solids in water samples after three periods of storage in three types of storage tanks

The reason of high values of (TSS) in water samples stored in metal reservoirs compared to the results of other types
of reservoirs may be attributed to the leakage of the internal coating of reservoirs into water and the spread of
microorganisms because this type of reservoir provide suitable environment for the growth and reproduction of
microorganisms, as the spread of organic and inorganic chemicals. However, the results of this study were within
the allowed standards for Iragi limits as well as the (WHO) standards limits. The study found that the highest rate of
TSS was found in the water samples from the aluminum tank, where it ranged from (612 mg/L) to (1480 mg/L) and
the lowest values were found in the water samples from the plastic tank, which ranged from (38.3 mg/L) to (133.5
mg/L). However, the values of water samples from the metal tank (galvanized) ranged from (788 mg/L) to (1210
mg/L). The total dissolved solid in the control water sample was (510.5 mg/L), as shown in Figure 4.
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Figure (4): Average values of total dissolved solids in water samples, after three periods of storage, in three types of storage tanks.

These results were similar to the results of many studies on drinking water, conducted at different locations in Iraq,
both in the production plants and in the sites where it was used (homes). For example, Al Azawi found that the total
dissolved solids ranged from (401 mg/L) to (759 mg/L) in their study, which was conducted on potable water
samples collected from Al-Wahda and Al-Qadisiyah water treatment plants, from July 2015 to April 2016. The
average value of the TSS in this study for each type of sample was within the acceptable standards of Iraqi limits
and the WHO limits, which was (2000 mg/L). The results of this study for water turbidity for all types of water
samples as well as for the control sample were very similar and ranged from (4.05 NTU) to (4.45 NTU). All results
were within the limits of the permitted specifications of Iraqi standards as well as the WHO standards, which was (5
NTU), as illustrated in Figure (5).

5 7 Turbidity NTU _I
0 ,,'||||||iii| ||||||iil| ||||“iii| |

Metal Tank (galvanizeﬂlasticTQr‘\ﬁ dg\l’urg'gudgq arﬂ«fgraggl Sample

Figure (5): Average turbidity values of water samples after three periods of storage in three types of storage tanks.

Based on the results of the tests on water samples and their conformity with Iragi and international (WHO)
standards, it was found that the physical and chemical properties of all types of water samples under study were |
similar to the limits allowed in the standard specifications. It is not easy to consider that any one of water tank under
study is better than the other depending only on the results of this study; the values of most of the variables studied
have varied from one type to another. However, many studies indicate a number of health risks, most notably with
regard to plastic tanks, where dangerous organic compounds can transfer to the stored water. Metal tanks can cause
zinc leakage, due to a number of environmental factors at high levels. Aluminum tanks can also have significant
effects on stored water.

4. CONCLUSION

Examining the method and the extended period of time for storing drinking water, in cities that suffer from a
shortage of drinking water, is very important, to avoid their effect on public health. It is also important to choose the
appropriate method for storage and safe periods for storage. However, this study has_not been_able to identify the |
best tank quality to choose from, due to divergent results of properties for each type of tank used. It is very clear that
the water properties had changed after storage, although they were within the parameters permitted and within the |
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specifications of the local and international organizations. It needs further a comprehensive biological and chemical
test to accurately choose the best type of tank and save storage time.

References

[1] S. M. Mahmoud and A. M. Ammar, "A Comparative Study on the Safety of Drinking Water Supply in
Baghdad City". Iragi Journal of Market Research and Consumer Protection, 2 (4), pp. 98-129. (2010).

[2] Y. F. Khalf, "Evaluating the efficiency of water liquefaction projects in Baghdad". PhD thesis, Faculty of
Science, University of Baghdad, Irag. (2007)

[3] I.H. Mohammed, H. A. Yassin. "Study of the reality of drinking water in some areas of the city of
Baghdad". Iraqi Journal of Market Research and Consumer Protection, 2 (3), pp. 228-243. (2010)

[4] AWWA, "Finished water storage facilities”. U.S. Environmental Protection Agency, Office of Ground
Water and Drinking Water, Standards and Risk Management Division: Pennsylvania Ave., NW,
Washington, D.C. (2002).

[5] L. Chevalier, M.W., "Coliform regrowth in drinking water": a review. J. Am. Water Works Assoc., 82: 74-
86. (1990).

[6] M. D. Sobsey, T. Handzel, and L Venczel.,. "Chlorination and safe storage of household drinking water in
developing countries to reduce waterborne disease”. Water, Science and Technology, 47 (3), pp: 221-228.
(2003).

[7] I. A. Al-Aney,. "Evaluation of potable water of both East Tigris and Al-Karama purification plant in
Baghdad". MSc. Thesis. College of Science, University of Baghdad, Irag. (2002)

[8] J. Wright, S. Gundry, "Household drinking water in developing countries: a systematic review of
microbiological contamination between source and point-of-use”. Tropical Medicine and International
Health, 9 (1), pp: 106-117. (2004)

[9] C.A. Schafer, "Impact of tank material on water quality in household water storage systems in
Cochabamba, Bolivia". MSc. Thesis, College of Engineering, University of South Florida. (2010)

[10] M. G. Al-Azawi, S. A. Al-Obaidy. "Study of Aluminum concentration levels in Tigris River, drinking
water treatment plants and supply network in Nineveh Governorate". AL Rafdain Engineering Journal, 18,
pp: 13-25. (2010)

[11]World Health Organization. "Zinc in drinking water. Background document for development of WHO
Guidelines for Drinking-water Quality”. (2003)

[12] K. J. Nath, S.F. Bloomfield and, M. Jones. "Household water storage, handling and point of use treatment".
A review commissioned by IFH, Accessed Online: http://www.ifh-homehygiene.org.(2006)

[13] T. Brick, B. Primrose, R. Chandrasekhar. "Water contamination in urban south India: household storage
practices and their implications for water safety and enteric infections". International Journal of Hygiene
and Environmental Health, 207 (5), pp: 473-480. (2004).

[14] L. Evison, and, N. Sunna. "Microbial re-growth in household water storage tanks". Journal of the
American Water Works Association, 93, pp: 85-94. (2001)

[15] A. H. Ziadat. "Impact of storage tanks on Drinking water quality in Al-karak province Jordan". J. Applied
sciences, 5 (4), pp: 634-638. (2005)

[16] D. Majesty, A Chioma, A. Benjamin, A. Chijioke. "Effect of different storage vessels on water quality".
Global Research Journal of Science. 2 (2), pp: 9-13. (2013)

[17]J. H. Lars and A.S. Aqua team. "Potential water quality deterioration of drinking water caused by leakage
of organic compounds from materials in contact with the water. Plastics key Proceedings”, 20" NoDig
conference, Copenhagen May 28-31. (2002)

[18] R. Ashby, Migration from Polyethylene Terephthalate under all conditions of use. Food Add. & contain, 5,
pp: 485-492. (1988)

[19]N. Y. Salih, M. N. A. Al-Azzawi. " The assessment of some physical and chemical parameters of drinking
water quality in Al-Wahda and Al-Qadisiyah treatment plants at Baghdad, Iraq", Iragi Journal of Science,
2016, Special Issue, Part B, pp: 286-295. (2016).

[20] B. A. Mahdi, A. J. Mohammed, S. A. Mahdi, A. N. Ajaweed. " Investigation of the Drinking Water Quality
of Some Residential Areas in Baghdad City - Karkh District", Iragi Journal of Science, Vol. 57, No.1A, and
pp: 78-97.(2016)

16



