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Abstract 

Water quality control in terms of solutes, color, taste, odors and existing bacteria is of 

vital importance from a health point of view. Water quality problems in storage facilities 

can be classified as microbiological, chemical and physical. Water stagnation in many 

storage facilities is probably the most important factor associated with declining water 

quality. Accumulation of sediment in cisterns leads to potential water quality problems 

and increased demand for disinfectants, microbial growth, water turbidity and chlorine 

depletion. To investigate the safety of the stored water, further research is needed. 

Requirements outlined in Issue Sixteen of the Iranian National Building Code emphasize 

specifications related to water storage tanks. In this research, the field observation method 

was employed to investigate the requirements of the national building regulations for 105 

cisterns of apartments in Kermanshah city in two types of polyethylene and galvanized 

steel. Additionally, the factors affecting the problems that have been created inside the 

cisterns of the apartments have been evaluated. The results showed that in 8% of the 

apartments, the subscribers used direct pumping, which contravenes the established 

requirements. Furthermore, in 26% of the cisterns, the amount of residual free chlorine is 

lower than the recommended amount specified in Publication 1053 of the National 

Standard of Iran. In 7% of the cisterns, the water temperature is higher than the value 

suggested in the English standard (BS 8558:2015). All cisterns are not equipped with 

warning pipes, overflow pipes, drain pipes, or vent pipes. Rust was clearly seen inside the 

galvanized steel cisterns. There is accumulated sediment at the bottom of all cisterns. In 

86% of cisterns with a volume of more than 1000 liters, water stagnation occurs due to the 

inlet and outlet being located on the same side. Therefore, legal follow-ups and periodic 

visits to the cisterns of buildings are essential.
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1. Introduction 
Access to safe drinking water is a fundamental 
need and a human right, but the root cause of 
many health issues, especially in developing 
countries, is related to providing safe drinking 
water (WHO, 2008). Drinking water can be 
contaminated through various ways, including 
contact with household and industrial 
wastewater, poor sanitation practices, and 
contaminated collection, transportation, and 
storage systems. The most fundamental and 
professional method of water extraction for 
domestic use is utilizing water storage cisterns. 
One of the influential factors affecting water 
quality is the lack of flow and stagnant water, 
which leads to changes in the quality properties 
of water and its physical characteristics such as 
odor, taste, and turbidity. A study on the impact 
of storage tanks on household water quality in 
the Wakiso area revealed that coliforms cause 
contamination, and the type, age, and 
connections of the tank significantly affect water 
quality, with stainless steel tanks exhibiting the 
lowest levels of contamination (Manga et al., 
2022). 

 The method of water storage in tanks, the 
manner in which water is stored in them, and the 
materials used for the cisterns all significantly 
impact the microbial quality of water. Water 
stagnation in storage tanks often results from 
poor management and the large capacities of the 
tanks. Stagnation can lead to the considerable 
depletion of residual chlorine and the growth of 
microorganisms (Miyagi et al., 2017). 

 While the quality of drinking water in 
distribution networks is usually monitored 
regularly, the assessment of water quality in 
pipes and cisterns within buildings, and the 
effects of plumbing and internal equipment on 
the quality characteristics of consumed water, is 
rarely conducted (Lautenschlager et al., 2010). 

 In the issue Sixteen of the Iranian National 
Building Code, laws have been established for 
drinking water cisterns, but there is insufficient 
supervision over the implementation of these 
laws. In this study attempts to evaluate and 
examine the factors influencing the quality of 
drinking water in residential building cisterns in 
Kermanshah city in accordance with Section 16 
of the National Building Regulations and 
National Standard 1053 of Iran. Through field 
visits, each of the relevant requirements for 
drinking water tanks used by the residents of the 
study area has been examined (National Building 
Regulations of Iran). 
 

2. Methodology 
In the present study, an attempt has been made to 
examine Issue Sixteen of the Iranian National 
Building Code for apartments in Kermanshah 
city using the field observation method, focusing 
on two types of polyethylene and galvanized 
steel cisterns. The cisterns of the apartments have 

been evaluated. Considering that the number of 
apartments in Kermanshah city is rising, it is 
advisable to consider the study population as 
unlimited. The Cochran formula is one of the 
important and widely used methods for 
calculating the sample size. This formula for 
calculating the sample size when the population 
is unlimited is expressed as follows (Cochran, 
1977): 
 

n =
z2pq

e2
                                            (1)  

 
The accuracy of sampling depends on the 

parameter e, which in the present study is 
considered to be equal to 0.1. Based on the 
mentioned value, the number of cisterns studied 
in the apartments is calculated using the Cochran 
formula (Equation 1) to be 96. However, in this 
study, the number of cisterns examined is slightly 
higher, with 105 samples considered. 

49% of the studied cisterns are galvanized 
steel and 51% are polyethylene. A simple and 
reliable method for evaluating the amount of 
chlorine in treated water is to use a chlorine test 
kit. By using these kits, the amount of free 
chlorine remaining in the cisterns is measured. To 
ensure compliance with the amounts of free 
chlorine remaining in the cisterns, the National 
Standard of Iran Publication 1053 is used. An 
alcohol thermometer is suitable for measuring the 
water temperature. By using this type of 
thermometer, the temperature of the water 
cisterns is measured, and then compared to the 
standard water temperature mentioned in the (BS 
8558:2015) publication. 
 

3. Discussion and results 
The results showed that in 8% of the apartments, 
the subscribers used direct pumping, which 
contravenes the recommended guidelines. In 26% 
of the cisterns, the amount of residual free 
chlorine is lower than the amount recommended 
in the publication 1053 of the national standard of 
Iran. In 7% of the cisterns, the water temperature 
is higher than the value suggested in the English 
standard (BS 8558:2015). Fig. 1 illustrates the 
graph of water temperature, date, and time of 
measurement in cisterns with a water temperature 
of 20 ºC or higher. Two of the cisterns are made 
of polyethylene, and five are galvanized steel. It 
is important to note that a temperature of 20 ºC or 
higher can occur at any hour of the day. Water 
temperature is one of the control parameters, and 
arrangements should be made for adequate 
monitoring and control by qualified individuals to 
prevent microbial growth, including Legionella. 

53% of the cisterns had a capacity greater than 
the capacity mentioned in the national building 
regulations, which means that the water needs of 
the people living in the apartment are well 
supplied. All cisterns do not have warning pipes, 
overflow pipes, drain pipes or vent pipes. Rust
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Fig. 1. Water temperature and the time of its measurement in the studied cisterns 

 
 

Table 1. Water quality problems associated with 

water storage facilities 

Physical 

issues
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* Sediment
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contamination

*DBP 

formation

 Taste and odors Taste and 
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was clearly seen inside the galvanized steel 
cisterns and there is accumulated sediment at the 
bottom of all cisterns. In 86% of cisterns with a 
volume of more than 1000 liters, water stagnation 
results from the inlet and outlet being located on 
the same side. A summary of water quality issues 
related to water storage tanks is presented in 
Table 1. All items listed in Table 1 lead to water 
quality deterioration, and those with potential 
direct health effects are marked with an asterisk* 
(AWWA, 2002). Therefore, legal follow-ups and 
periodic visits to the buildings’ cisterns are 
essential. 

4. Conclusions 
Cisterns were not built in places where sewage 
pipes or non-potable water pass over them. Only 
8% of the three-layer polyethylene cisterns had 
thermal and cold insulation. Therefore, annual 
inspection of water storage tanks should be 
carried out to assess their internal and external 
condition, as well as the water inside them. The 
cistern condition can be confirmed if the cistern 
lid is fully installed and in good condition, and 
insects and vermin have no way to enter the 
cistern. Overflow pipes, warning pipes, and all 
valves must be in good working order. The 
thermal insulation must be in good condition to 
protect against extreme temperatures. The water 
surface should be clean and free from any visible 
and significant contamination. The water storage 
tank must be clean, disinfected, and any problems 
should be removed. If residues or traces of 
vermin are found, further inspection should be 
conducted. It is essential to have a plan that can 
be implemented by individuals with appropriate 
expertise, sufficient supervision, and control to 
prevent microbial growth, including Legionella. 
In the summer when the air temperature is high, it 
may be necessary to assess the risk and take 
appropriate measures to reduce the risk to ensure 
the regular flow of water through the cisterns. 
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Fig  1. Location of polyethylene and galvanized steel cisterns investigated in Kermanshah City 
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Fig  2. Location of cisterns installation in buildings in 

Kermanshah City 
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Fig  3. The percentage of cistern shapes installed in 

the studied apartments 
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Fig. 4. Comparing the volume of the cistern installed in the apartment with the volume of the cistern required for 

the people living in the apartment according to national regulations 

 

 

 
Comparing the amount of water storage for each person in the cisterns installed in the studied apartments Fig. 5. 
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Fig. 6. An example of non-visitable polyethylene 

cisterns 
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Fig. 7. Water temperature and the time of its measurement in the studied cisterns

Schematic of galvanized steel cistern with rustFig. 8.  Fig. 9. An example of sediment accumulation at the 
bottom of the cistern 

AWWA, 2002
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Fig. 10. Schematic of potable water storage tank and its connections recommended by (BS 8558:2015) 
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