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

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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Evaluation of water quality of ...

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
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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):

M)

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 °C 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 °C 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 4. Conclusions
water storage facilities Cisterns were not built in places where sewage
- - pipes or non-potable water pass over them. Only
Chemical S sl B Physical 8% of the three-layer polyethylene cisterns had
issues issues thermal and cold insulation. Therefore, annual
Disinfectant * Microbial . inspection of water storage tanks should be
decay regrowth Corrosion carried out to assess their internal and external
* Chemical . ) condition, as well as the water inside them. The
. * Nitrification =~ Temperature cistern condition can be confirmed if the cistern
contaminants A . : o
*DBP * Path lid is fully installed and in good condition, and
. athogen * Sediment insects and vermin have no way to enter the
formation contamination cistern. Overflow pipes, warning pipes, and all
pip g pip
Taste and Thate aril @il valves must be in good working order. The
odors thermal insulation must be in good condition to
) protect against extreme temperatures. The water
was clearly seen inside the galvanized steel surface should be clean and free from any visible
cisterns and there is accumulated sediment at the and significant contamination. The water storage
bottom of all cisterns. In 86% of cisterns with a tank must be clean, disinfected, and any problems
volume of more than 1000 liters, water stagnation should be removed. If residues or traces of
results from the inlet and outlet being located on vermin are found, further inspection should be
the same side. A summary of water quality issues conducted. It is essential to have a plan that can
related to water storage tanks is presented in be implemented by individuals with appropriate
Table 1. All items listed in Table 1 lead to water expertise, sufficient supervision, and control to
quality deterioration, and those with potential prevent microbial growth, including Legionella.
direct health effects are marked with an asterisk* In the summer when the air temperature is high, it
(AWWA, 2002). Therefore, legal follow-ups and may be necessary to assess the risk and take
periodic visits to the buildings’ cisterns are appropriate measures to reduce the risk to ensure
essential. the regular flow of water through the cisterns.
Water and Wastewater oMb, ol

\f“\“dl‘u\“ b)l.o.:u‘ﬂa 092

Q



1+ ¥ -1 tazmio Vo ylols YO 090 (ML g s.:T @

OT A G solil g Ol 315 OF 0 033 Ol Wb

d

https://doi.org/10.22093/wwj.2024.464867.3425

(ol.f.sl.o; YN RTY axfltao)

"ol | tee T pucpdn s 3% ) b Lige

Oyl oltile 57 «g3ly oKl ¢ cusiige 9 (523 0aSLLINS ()l yos swidige 09,5 (51,358 (ggrtils )

Olﬂl mLi.iLa)f ‘6}‘) olKasls swdige g 6...9 saSCisly LO‘)AQ (Wi os)f ‘..\A)l Ls.al;.b)lf ‘5,:;.:.3|a -Y
U‘ﬁ-‘ ‘aU.SLo; “5)‘|) oKasls gl 9 6‘5 saSiislo ‘t)l)“c (g o,)f ‘)l.e.fd‘o -y
Javanmi@gmail.com (Jgmus edzus)

$3,90 axllbao

15lS sbaily
Wleidlw e guw)
VIRe (S gy
N REIT R TP
oS Yo (55 poe
oo =l pie wo b DT
oleiali

Recees

VETY il s
VESYIENY 3ol
VEOYUYA <5y

& allie yalys 5 oSl (sl 95 olins 3l
S oolif YT s g0

84S

Sty Fnilage Blod 5l 39290 Gl 58 g 050 cg2 S cglone M!S I OF keSS 08
Yo lgas s ()lg5 o0 1y (85w pid Ol U 50 O CaudS CMSKUiw ol (Tl ol
830 233 Sluamgasli 51 (g by 53 1 355, 3,5 Gainalb (S 528 9 oalvoned (S5m0 500
Yo ¢y 53 iguy (s il ow! S oS (il b bag pe Jole oy yiege Ylois ]
Ty 35 Jgj 9 @1 €995 ¢ g ySm by 018 ghend (SLOWES (aul 381 g Of CudS 15 058
VF Ctrno 39 oLl iyl 0 d O (3392 o o1 (gt g1t 315 JLiday
22,5 ST o (55lwo 185 oyjl5 (2 5b 5 (5510520580 2)1y0 1y (Tl i lus o e
Vo d Gl oloidbe o @) e Slol P ad omuwr liwe 30l o9, b gy ol 5 -Canw!
Jolos 9 298 (o2 23515015 (63Y 98 5 Iy (i 93 43 LiSlayS yend S Le T (35500
Moy A Al Wi gl Wagad (b, Byled ;LT o5k JB 18 45 auel dga gy SIS0 9 pi30
O3B 03 Y5 13 sl Sl BV o 83,5 piimns Sy &3 18] (S a3 ) 51
Y 5l 3yl sl 3,1bianl Y o Y dg i 43 85 dnog ylitie 1 yeS silogdly of;1 IS fe
(BS_8558:2015) (w51 3,15licuo! 53 20 dlgaaiin Jladio 51 5L LT glod (3l 1 daoyd
095 i iSTgd gl 5 AT Wg) iy gl o3 i dlg) B e solod Cons!
Gl gy (5110 (Lm0 (olod 390 o0 Cutg) Tapdods (S350 051905 (63¥98 e
O848 Lo S j0 Cdedy g Yoo 5l Gl poes b (500 1 ey d AP > s pas
30395 Samsdil 9 (F9LE (SLag Sy 9ycnlil 315 3929 O 395, (29,5 9 (5399 Al
e (5590 (6530l BedELw e

o I8! 93 O ge 4 Al ol @ Sl sl (ST
T S (B el 5y pleisbus P13 0T 03033 ) 155 AV F L ¥ e 92 op cmmipriin) e (2 5D
AVA=Y F (YYD (BB g o (0Lt xS s (69590 axlian)
https://doi.org/10.22093/wwj.2023.464867.3425

© The Author(s).
This work is licensed under a Creative Commons Attribution 4.0 International License

Water and Wastewater oMol 5 ol

Q

Vol. 35, No. 3, 2024 VEF Jlo ¥ oles ¥O 590


http://creativecommons.org/licenses/by/4.0/
Javanmi@gmail.com
https://doi.org/10.22093/wwj.2024.464867.3425
https://doi.org/10.22093/wwj.2023.464867.3425
http://creativecommons.org/licenses/by/4.0/

dx.doi.org/10.22093/wwj.2024.464867.3425

RN PCET Ry FY N PR SR PO

o orzen 5 bolazle 31 o 3bw 5 bdg) s ‘T’T CoiS
T S Slasia  plazsle Jsls S 5 254 b
(Lautenschlager et al., 2010) » 55 oo rl;g\ RIPRCPURRE Y9y
2S5 ol s ST kS o 1385 Julss 51 (S
Slasin 3 of S oles s dcl S el ol pube
(Mallevialle et s, of &y508 b g il ol gl

UT 6)\.x_gi: aj:u 9 UJt;LA BE) QT 6)\..,45‘,.;.73 U’iﬁ) al. 1987)
s s > DT s S kS o 3l i 5 LT s
Jsb 55 by 5 o5l s ol 5,5, (Packiyam et al., 2016)

205 By s e sl s S slans oS LB ol o i
.(Shahrouzi et al., 2016) s )5 JLss 4 |, of cuiS 2alS

33 S ST S 1 (g5l 3 36 DIl s
3 i 3008 (So ol o ba S sl Lt gunST ailasa
55158 T S s a5 b ¢ 0350 YL
s S W o gl 208 (615 S5 el 03l
el g5l 553 (3w s o 58, .(Manga et al., 2022)
o3 0 55 03w S s b 5 ikt it o s Jse
A 185 et 3l Eely ez $ b il 5 e ST 55
(Miyagi et al., 2017)s 54 urm,..;lf)\,;:ﬁ ady g euleasl

Ol s dihate G (5 S a5V Y s L OS5 o
2o s s aais S s L bapless b s 135 (5l (09 S
Sl Son it el 8l s 9 Som Dl as
8l )5 PMASGPCR 5 b ) a5 Jl6 12 5 o5
b SUIBSTRNA o3 s 55 oo 5 B a1l piman
$lm el e 055 oo ssalie (5l s Mg ) s
ol ol S sbasiaizis glsg, 5 lblws 5 o3 5L
AS WS glasailedl sy ST lesls 53 (15 Kon same 5
53 29 S demaler Dl 5 (o5 Sn saome ad ) ol ele
A asledily 20l oS 3 5 slse 0,81 s 05k
(Huetal., 2021) &oils dikeia o

by 513 O S ol chale b Ol s
s 5 =8 b o pleaot 5 ke 55 6,5 5 «Q‘J bl
Vb Saa g S T o s (sl o3l 2l
Sl IS 5 S I3l 81y e (Sren 53 151,
Q)}ASQQ_;ALS:‘HF&};K&)O_QTW.&;&U_A

Water and Wastewater

Vol. 35, No. 3, 2024

dodio —
St Sy elul 5 S Wl Saelsl O 4y s
s=dlag Pl 31 ol Jot i 5o Laliaud sl
32l T als @ Lo da 5 o5 (5528 55 0550
5 il bl 5 suelal OT (WHO, 2008) <o W

3501 (3l s 5 Jlsl ‘6)_9TC°-’. bt o b 5155
Sl T il s Sl 5 cp i ol s
e iy ol ool ST o ess o3 5 eslizal S G las
ki LS e ool s Sl 5ins g0 O LLid g 556
Shaslss gy Ol o 534S Sun U olss o0 St O
{(Hadizadeh, 2017) 5 S el 1, 5Lis s 50

SV Lol 54 s o Dol sbl ) shteey (55les 55 Sl
ol it g0 35S L S iblie 5 T a5 shitens
03900 it lo i U g5lsa 5l ki ool G gdia
S ailg n g5l 35 03 5800 8 S Sl
S oy a5 LT 000 4 (Sosll 5555 sl s
(Nath s 55 e il ol35058 5 cias Slles 655 2 S0
et al., 2006)

3o 33 03 b s shitens ()l (g tns3,
i ol (il b 03 o sy aels] T i
6353 3 oslaals 36 b tas sy onl el .o
50l S ol T s Koo o550 5 ol (S8 kS
\:)‘J_LA\ZJJ.’LQ.A pr 4&2))}.\56\—&.)))%‘) s:)‘J.T\ U'»’-‘ [N
o3l ads ol 0505 & o3l Cole s slizal 55 g0 S
sl b 5% o sbas o adS Mg idS LS o525 4
(Momba and Mngumevu, 2000) sty S L3 o 54 2
Sl s a1 LS 65V 58 o5l 5o o usle
O U—L’\’ ck,u)a (5‘4..53;09\33_9(5)‘}4.&\3 3459 ‘&.54‘“
S Ol oS el S s 58,50 e Jalss )
sLsSs o, ol c—iS (Bajan et al., 2016) 55,

o &S Mo 0 s din (s b sbay Y sana 3L

1 Total Coliform (TC)
2 Fecal Coliforms (FC)
3 Plate Count Heterotrophic (HPC)

\f~\"dL~A‘o;l~i‘\"bo)}>

VoA



dx.doi.org/10.22093/wwj.2024.464867.3425

OLKen g o> 58 Ligs

A 5l s 3l b o e O oS SISt =Y o

Table 1. Water quality problems associated with water storage facilities

Chemical issues

Biological issues

Physical issues

Disinfectant decay
* Chemical contaminants

*DBP formation

Taste and odors

* Microbial regrowth
* Nitrification
* Pathogen
Contamination

Taste and odors

Corrosion
Temperature

* Sediment
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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

A 0558 a3 0l GaelT T 5 8 s ns | shaneny

ool sl otedan 5 asle Ea5 S s g sene sy
S ol i NS Sl aslina ans il O o IS e
6o ol Jliss e bt S5 5 IS (5 S5l
L o8 St 0155 oo s oS gl oS an solizal L el
w3 281y Ol 35 gmsm JSL 2o 1w 4 DPD s S g e

1 Diethyl-p-Phenylene Diamine (DPD)

Water and Wastewater

el Ladige 51 o (sl m 5 ad g o 53 055w DY L]
5 JeoSS ol i

Sl a3l a5 5 (SB35l o Dos s v s L
ool 3B 0955 352 50 ol ol Ol 6l (.9\-’“’
S 05 D503 110 s B el 48 gbaal i
cleas aibate g5 . oul sl g opl s slasle S ed gg0s
Codge \ ISCE 00, 1 o5lse o i YU Olib slass
e Ghaled by e e 3 0ad e 3 S5

5 Les) (ol S0 5d slaesls Cod (s (g 2 esnlite
03 5 it Sl g ez s ol (ailedl 15T
Vb 5 ool by et Shaltile S e s s aslinul sy e
B aadlan 55 50 55 6 55 93 2 cnl b s o3l IS
DY 5051 LS 65Y 45 aalllan 550 030n 3l arys F4 ot S
2 o33 03k Sl el e s g LI o
Pty b om0 ¥ S Glha sLisle S 4 slaplazsl
Vo 5l S gL, bT 5l ass 8 5T slass iy ol 555
VP i B Y pmass Y B Y B e o am,s VY i

.;ﬁ',.éjf‘j‘uﬁ.ﬁw):;‘},ﬁf’ (A O o

Vol. 35, No. 3, 2024

MBS uT 0
W~Y’JL~‘\"a,l~:x‘owa :

AR



(RN

dx.doi.org/10.22093/ww;j.2024.464867.3425

OlSen 5 (o255 Ligs

o Sloie VF Em s plazslu 4 by e Dbl L Golles
VO e 5 Lt @b Y1 e bolasle 21002
olesla p3 SLusl Blslams 5 &5 o (gl oad o iy 2
25250 O35 v 4 (63050 02 o] st 5Lis 50 ol
ISt L aily 55 Lo (gl 50 dlos o Sl 28
el oadd Zule sl 503 a2l g el s O el

= L L”OLJ)\Jﬁ 2 s 4 (3 e aslie ¥ IS s
22 5 o gl S VO) (e Dl i VP Es (3l
saalin ¥ S8 55 4S5 ub plos ool s isls ples (o4l
5388 0l e Sl Gl (e 0315 Slais 12 OF 55
e olesla 5o oSluol 31Ol 5L S azdl | by
JSete L boglens o s 03Ls 5l ao s BY 55550 1l
¢S o 3555 03k el s 478 ais 2150 oS otaS
]

3w o33 5 plasle o Dl 4a0 V7 s b 3llas
oS e 8 e VO oS s (S L sl O
24 s (3L 3 i e gl b s Jlaie w0 IS
sl oo ke gslening 505 L aalllan 3550 saplai T s
3 g 355 om sanlitie oS 55 b plas s e LT 45 0
o Dl VP s s ol o 5l 268 e 5
il O S Ol w o 5 Ll ls | gl
-l 35S St L baplans L ol Sl - b 5 4l5,
3 Gt e L (e bolans b 5l Ko and iles g a1 5o
S hs gzl o S50 V8 s s s o 5
250l s b O CkS EalS o O 5585 el (S

3303 il (S o3l T codl Casl g 2 5 L
03 olad 53 5 w3l s T by oV 3580 5 ma
Oy a3 Ky 53 e el st e, 65 ) anlllan 30
SN s 55l Jovo & el sl Bl Vs (5 52
o d 03l ol vl plazsle bl 5l s 0nd is
53,5 5500 0T 635 3 it LTl BB ) S e 5
5 bl sats Slasl 553 03l D (Sasll (o ge oS a2l
el 5o (ains 1 3 Jlazot 3l i Jone 4
5 ol iz 53 5o adllan 550 03l 3l s s 05l
O3l YU s Sdls 55 o s &S ass a3l LS 65 Y 55

Water and Wastewater

Vol. 35, No. 3, 2024

LA)65@)‘.&_?‘«ﬁﬁa)h.&.ﬁ@@j\)éjy&))
(5\ﬁ LASJ‘ Gﬂ—u&lﬁ.} sl 50 rl_?ﬁ\ u—lﬁ‘ CZ_..)LA.) L_....\js
3 ke gl LS5 el Sl o glos 5,855l
J:.ongLmLoa)a ‘) s,jdbu x‘j@)@‘oﬂg%gw.\i

S 5853150 s ales S|

S 5l -

ol b pleas plas b (o D20 VP s s
SSe3lasl 5 o3 (s 2 5l ey S sl baplazslo o3l
s aslsy ab g e Sl o 3bw cnlie 4ous ol sl 2l
o oshieay (Il st ools & 5 a6l s lie s
VoOY w5 51 o35 s sasledlsls) LS Jla e osle
(BS. eSSl s bl s el s sslizad ol o s 5lustend
saal 3l (5505 0, 5 > b sl il ss 5 8558:2015)
Gl ohade ol 51 S e nd 3l O sles syt lie
sl 3 o3 el soc sslizal asdlan 5 g0 ¢y 3bh oy
53 st et 3 JIET ao s ¥ IKE cad g cilise
s o olis | ol LT

Cistern shapes

m Horizontal cylinder
= Rectangular cube

= |rregular
Vertical cylinder

Fig. 3. The percentage of cistern shapes installed in

the studied apartments
LQQLJJLJ BYRRCRWeL U5 CORY| G INWSER g U

S el (gl 5 e el a3l 5o s A L

o St I 555 oy Lo 5 2153525 ozl
580 V2 G o 0ad olo O 50 O STl ond cuas
Uit Lol LT s s 3oy ol plas s e
Al JLss ol S (s 5 lad b e s x5 LB

uj)kblé‘,gj 0
Q
VEF Jlo ¥ o les FOoyps &



dx.doi.org/10.22093/wwj.2024.464867.3425 NI FUSS PP O PO Ny

6000 - The volume of the cistern required for people living in the apartment according to national regulations
m The volume of the cistern installed in the apartment
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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
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Fig. 5. Comparing the amount of water storage for each person in the cisterns installed in the studied apartments
with the recommended storage of the national regulations for each person
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Fig. 7. Water temperature and the time of its measurement in the studied cisterns
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Fig. 10. Schematic of potable water storage tank and its connections recommended by (BS 8558:2015)
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