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ARTICLE INFO ABSTRACT

Keywords: Healthy water is our prime demand however population explosion and industrialization have threatened the
Erosion quality of water. Consequently, about a billion people in developing countries including Iran are struggling for a
Sedimentation

safe and sustainable water supply. Timely water sampling and analyses are critical to access and maintain
healthy status. The current study investigates the state of water supply in 29 villages of Sahneh town and pro-
vides recommendations for maintaining good health. Water samples were extensively analyzed for the physical
and chemical indexes using the EPA standards and the Iran national water standards (Table S1). The mean of pH,
total dissolve solid, electrical conductivity, chloride concentration, sulfate, temperature, bicarbonate, total
alkalinity, calcium hardness was 8.2, 326.5 mg/L, 422.4 mS/cm, 203 mg/L, 6.4 mg/L, 24.7 °C, 257.2 mg/L,
210.9 mg/L as CaCOs, 233.8 mg/L CaCOs, respectively that are within the permitted limit. Interactions between
these factors were statistically analyzed to characterize the water samples. All sampled waters were probable to
sediment according to the Langelier index (0.67 + 0.20), corrosive according to aggressiveness (10.74 + 0.40)
and Puckhorius indexes (6.96 + 0.63). Water samples also exhibited scaling therefore it is recommended to use
cemented pipes for dispensing networks. Moreover, balancing pH, alkalinity, calcium levels and annual testing
by the government should be considered to promote good health.

Chemical quality
Water dispensing system
Water quality

1. Introduction too saline to drink. While about 2.4% of water is trapped in large glaciers
and polar ices, only less than 1% of water resources are available for

Water is an absolute necessity to sustain life. 80% of the land is drinking, agriculture and industrial consumption [1]. The quantity and
covered by water and 97% of which is in oceans and seas whose water is quality of fresh water resources are alarmingly decreasing every day due
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to global warming, urbanization, industrialization and agricultural ac-
tivities [2]. Ever-growing population, construction of new settlements
and rapid industrialization have not only polluted water reservoirs
(surface and underground waters) but also brought water shortages in
different regions [2,3]. Due to the scarcity of water, around 1.563 billion
had no choice than making a round trip of ' hour or more from their
premises to collect water and surprisingly 582 million people used un-
acceptable sources to get water [2,3]. According to the Joint Monitoring
Program (JMP) conducted by WHO and UNICEF for water, 783 million
people around the world (11% of the entire population) bitterly suffer
from a lack of clean water. 84% of this population lives in rural areas [1,
4]. The consumption of low-quality water can significantly impact
human health. As per the WHO, 80% of diseases are caused by the
consumption of low-quality water. Providing water with the right
quality and quantity for the community will have a significant positive
impact on human health [1,5]. Therefore, a safe, reliable, affordable and
easily accessible water supply is essential for good health. Unfortu-
nately, for several decades, about a billion people in developing coun-
tries have not had a safe and sustainable water supply [6].

The supply lines that distribute water to consumers must be properly
designed considering how various components present in water could
alter the composition of the water delivery network. Erosion, corrosion
and sedimentation are the most critical concerns only for the water
delivery networks while water production sources such as wells, sub-
terranean and springs remain unaffected from these concerns. Erosion is
a physio chemical phenomenon during which progressive removal of
materials from the exposed surface of water delivery systems takes place
and this can cause a plethora of changes in the material’s composition
[7]1. On the other hand, physical corrosion can result from erosion and
friction which is more probable in high velocity flow and temperature
[2,8]. Corrosion dissolves water delivery systems into solutions and
causes not only water leakage but also reduces the quality of potable
water. It is critical to examine the factors responsible for corrosion in
order to comprehend the health aspects of corrosion. The most impor-
tant health problems pertaining to corrosion are associated with the
release of heavy metals such as lead, copper, zinc and arsenic in drinking
water [9-11]. Accumulation of unwilling materials onto or into the
equipment is considered sedimentation. These materials (deposits) are
mostly calcium and magnesium carbonate which are called water and
lime sediments. Sedimentation affects equipment’s performance in two
ways: 1) the surface sediment layer has low temperature conductivity.
This layer increases heat transfer resistance, and reduces the effect of
heat exchangers. 2) Fluid cross-sectional is reduced by sediment and it
reduces pressure [12,13]. Dire consequences of sedimentation and
erosion include pipes blockage, reduction in water flow, unexpected
flaws in pipes and decays in pipes walls. In all cases, a great deal of water
could lead to wastage [14]. Aside from financial damages in the
dispensing system due to corrosion, erosion and sedimentation, different
heavy metals released during this process can cause several health
problems such as chronic and acute poisoning, deterioration of the nerve
system, cancers, heart disease, hypertension and skin illnesses [15].

There are several factors which can contribute to corrosion, erosion
and sedimentation of the water supply system such as microbial activity,
water physical-chemical quality, Oxygen concentration, chlorine con-
centration, sulfate, divalent Cations such as calcium and magnesium,
water temperature, pH, hydraulic state of water in pipes (water velocity)
and pipes materials. Furthermore, corrosion levels depend on the
essence of the material which is exposed to water. Biological growth
facilitates physical and chemical reactions to take place in the aqueous
solutions. The low quality and inexpensive equipment used in the water-
dispensing network can be reasons for corrosion and sedimentation [15,
16]. Therefore, monitoring water stability, which is dependents on
physical, chemical and microbial characteristics of water, is crucial to
prevent water leaks and minimizing the cost of replacing water delivery
components, including instruments, pipes and pumps. To prevent cata-
strophic failure in water supply networks, water stability indices have
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been developed [15].

Indicators for determining corrosion and sedimentation of drinking
water are: 1- Langelier Saturation Index (LSI): A model for indicating
water saturation level with respect to calcium carbonate. This index
defines the concept of saturation using pH as the main changeable fac-
tor. In other words, the conception of LSI is described as pH changes in
order to reach a balance point [17,18]. 2- Rayzner sustainability index
(RSD): reveals a correlation of saturated state of calcium carbonate with
forming layer in quantity. RSI is helpful in determining the severity of
corrosion in water pipelines. In Rayzner index, pHs (saturation pH) are
determined considering the factual pH, concentration of calcium and
bicarbonate ions, total dissolved solids and temperature. In other words,
Langelier and Rayzner indices indicate the differences between water
factual pH and saturated pH by calcium carbonate [17]. 3- Aggressive
Index (AI): is mostly useable for asbestos cement pipes. It considers the
impacts of some items such as pH, calcium concentration and alkalinity
on water corrosion and sedimentation quality. 4- Puckhorius index (PSI)
shows the buffering capacity of water and represents maximum
possibly-made sedimentation for reaching the balance state. The afore-
mentioned index is experimental. Figures resulted from this equation are
similar to the Rayzner index [19]. 5- Larson-skold index (LS) is used for
combining the effects of chloride, sulfate and bicarbonate concentra-
tions on water corrosion in steel pipes. The LS assumes that chloride and
sulfate behave to enhance corrosion and bicarbonate mitigates corrosion
[20].

In a study performed by Malakootian and et al. (2014), water re-
sources of Rafsanjan were analyzed by Langelier, Rayzner, Puckhorius
and aggressiveness indices. Their findings showed that water was highly
probable to sediment [20,21]. Furthermore, in other similar study by
Asghari et al. (2015), it described that drinking water of Boushehr
province was rather probable to sediment (according to Rayzner index)
and corrosive (according to other indices) [20-23]. A study on the rural
water distribution network of Urmia (Northwestern Iran), Langelier,
Ryznar, and Puckorius indices, showed water corrosion for some studied
areas [24].

It is of prime importance to determine the health conditions of the
drinking water resources and such studies could reduce the maintenance
expenditures while ensuring to provide clean water to consumers.
However, no study has ever been done to determine the sustainable
indicators for the water resources from the villages of Sahneh town,
West of Iran. It is documented that a significant portion of potable water
in Iran is attributed to leaks because of corrosion which is also related to
public health. In this regard, it becomes critical to monitor water quality
and water delivery networks. The present study is not only highlighting
the quality of drinking water of villages in Sahneh, but also determines
the possibility of corrosion, erosion, sedimentation and impact of
chemical and physical parameters. Furthermore, this study makes rec-
ommendations to design strategies to either alleviate or eradicate the
probable problems associated with water-delivering networks. Because
such studies have never been performed in the villages of Sahneh town
before, the findings from this study are going to be critical in re-
designing the water delivery infrastructure.

2. Materials and methods

In this study, 29 water resources from the villages of Sahneh town
were studied and analyzed in terms of physical and chemical indices. 2
samples from each source were prepared and stored in 1-liter plastic
containers prior to several analyses. These bottles had been washed with
double-distilled water at least 2 times. Upon preparing and transporting
samples to the laboratory, experiments were done in 2 categories of
automated and titrimetric analyses [15]. Temperature and pH were
measured using a multi-functional meter (HANNA-PH 211) at the
sampling spots. Calcium hardness, alkalinity, residual chlorine, Total
Dissolved Solids (TDS), Cations, and Anions were measured considering
the standard numbers. And these numbers were compared with the
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national standards set by the Iran Water Standard [25]. The calculations
were performed using the Langelier, Rayzner, Puckhorius and aggres-
siveness indices (Table 1). According to the calculated data and
comparing with this table, water resources were divided into 3 cate-
gories as “probable to sediment”, “neutral”, and “corrosive”.

To calculate the corrosion indices, water quality parameters such as
temperature, electrical conductivity (Conductivity ELE 4070), total
dissolved solids (Gravimetric methods), turbidity (HACH-2100 P
turbidity meter), and Sulfate ions were measured based on the turbidity
measurement at 420 nm using a spectrophotometer (Model-DR5000).

Table 1
Sustainability indexes for estimating erosion and sedimentation state.
Water condition Assumption/ Index Equation Index
Limitations value
Scaling is PSI relies on an PSI<6 PSI =2 Puckorius
unlikely to equilibrium pH PSI>7 (pHeq)- scaling
occur instead of the pHs pH = index (PSI)
Likely to actual pH 1.465-+1og
dissolve scale  to account for the (T.ALK)+
buffering effect 4.54
pHeq =
1.465 x
log(T.
ALK)+4.54
Super Equilibrium index ~ LSI>0 LSI = Langelier
saturated, deals with LSI=0 pH—pHs saturation
tend to thermodynamic LSI<0 pHs = A + index (LSI)
precipitate driving forces for B—log
CaCO3 CaCOj scale (Ca%")-log
Saturated, formation. Metals (Alk) pH <
CaCOg3 is in such as 9.3 pHs=
equilibrium magnesium can (9.3+A +
Under exert inhibitor B)-(C + D)
saturated, effect (3) pH >
tend to 9.3
dissolve solid
CaCOs3
Super Actual pH, RSI<6 RSI = Ryznar
saturated, concentration of 6<RSI<7 2pHs-pH stability
tend to calcium and RSI>7 index (RSI)
precipitate bicarbonate ions,
CaCO3 TDS and
Saturated, temperature
CaCOg is in define pHs for RSI
equilibrium
Under
saturated,
tend to
dissolve solid
CaCOg3
Non aggressive pH, calcium AI>12 Al = pH + Aggressive
Moderately concentration, 10<AI<12  log[(Alk) index (AI)
aggressive and alkalinity are Al<10 (H)]
Very important.
aggressive Developed for
Asbestos-cement
pipes (4 °C-27 °C
Chloride and - LS < 0.8 LS=(Cl~ + Larson-
sulfate are 0.8<LS < S0%7)/ skold index
unlikely to 1.2 (HCO3 + (LS)
interfere LS >1.2 co?H)
with the
formation of
protecting
film
Corrosion
rates may be
higher than
expected
High rates of
localized
corrosion
may be
expected
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Carbonate, bicarbonate, calcium ion, alkalinity and total hardness were
measured using a titration method. Residual chlorine, pH and water
temperature were determined by multi-functional meter (HANNA-PH
211) at the sampling points [22].

2.1. Studied area

Fig. 1 illustrates geographical location of the studied city. Sahneh is a
town of Kermanshah province, located in Western Iran with longitude
72, 68, 47 and latitude 44, 48, 34. In Sahneh, 39 resources were active in
191 villages (total area 1470 km?) with 36499 population. There exists a
total of 1646 groundwater resources in Sahneh city. These resources
include 283 springs, 1053 semi-deep wells, 242 deep wells and 68 aq-
ueducts. In this study, only drinking water sources that are obtained
from well sources were studied. Drinking water sources for 29 villages
are wells, and there are no industrial, residential, etc. polluting sources
around it. Water samples were collected within the one-year-monitoring
period to have a constant view of all seasons. At each location, two
samples were taken. They were also collected in the field by sampling at
exactly the same time and place.

3. Results and discussion
3.1. The major factors effecting erosion and sedimentation

In the present study, critical parameters responsible for erosion and
sedimentation were studied and the estimated numbers pertaining to
turbidity, pH, TDS, total hardness, alkalinity and EC are shown in
Table 2. Furthermore, the state of Cations and Anions of resources are
indicated in Table 3. Table 4 shows the Langelier, Rayzner, Puckhorius
and aggressiveness indexes of water resources in Sahneh town that were
calculated using the recorded measurements. The pleasant level repre-
sents the acceptable water quality by the Iran water quality standards.
The permitted level represents the acceptable water quality as per the
EPA standards (Table S1).

Fig. 2 shows the overall profile of all 29 samples analyzed. Inter-
estingly, the water samples from four villages including Abbarik,
Jabarabad, Jamishan and Mouyineh showed higher levels of EC, alka-
linity, total hardness and turbidity than the pleasant levels (Fig. 3) set by
Iranian water standard. Hardness of water is attributed to the amount of
ions/salts present in water. In this study, the water samples from Yek-
jofti village exhibited the highest amount (352.4 mgCaCOs/L) of hard-
ness however still lower than the pleasant level. The overall mean (233
mg/L(CaCO3)) of the total hardness is comparable to another similar
study (191.6 mg/L(CaCOs3)) performed by Fadaei [23] on well water
samples located in Shahrekord, Iran. Turbidity is another measure of the
quality of water and often time insoluble matter can contribute to
increased turbidity. Water samples from village Jabarabad had signifi-
cantly higher turbidity than any other samples but were still within the
permitted limit. None of the water sources have higher turbidity than
the permitted level because of the depth of water resources and filtering
ability provided by the soil layers for the underground waters. The
overall turbidity of 0.7 NTU is comparable to another similar study (0.94
NTU) performed by Fadaei [15,26-28] based on wells’ water samples
located in Shahrekord, Iran [29]. Additionally, the present study
turbidity data are consistent with the study performed by Mirzabeygi
and colleagues in Khorasan city (Iran), where turbidity in water samples
collected from all villages was reported to be lower than the permitted
level [29].

Alkalinity and EC remained above the pleasant level for most of the
samples. The water samples collected from Jamishan village showed
elevated levels of both alkalinity and EC whereas water samples from
Aligorzan village had the highest amount of EC (324 ps/cm). Even
though the levels of Alkalinity and EC are higher but still lower than the
permitted level.

According to our study, the pH of all experimental samples had
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Fig. 1. Geographical location of the studied city.

Table 2

Average, pleasant and permitted levels of parameters.
District Name Turbidity (NTU)  pH TDS (ppm)  Total hardness (mgCaCOs/ Alkalinity (mgCaCO3/ EC (pS/cm)

D D

Jeihoonabad 0.19 7.95 292 236 191.36 420
Herileh 0.89 8 286 270 247.52 460
Mirtaher 0.43 8.33 238 146 135.2 300
Jabarabad 2.8 8.2 326 286 247.52 530
Sefidkhani 0.48 8.32 254 188 174.72 330
Cheraghabad 0.23 7.94 368 276 257.92 510
Kalkanaftabro 0.22 8.54 176 102 89.44 190
Mouyineh 1.17 8.22 330 254 235.04 470
Jamishan 1.5 8.12 448 286 282.88 670
Sadol 1.34 8.62 178 156 139.36 260
Gounban 0.69 8.46 232 238 203.84 400
Ahmadabadmal 0.17 8.46 268 204 174.72 400
Tinmo 0.74 8.49 174 170 156 300
Baktarolia 1.05 8.22 290 264 235.04 440
Baktarsofla 0.41 8.51 224 200 174.72 350
Arganeh 0.36 7.88 460 281.2 251.85 450
Larkhani 0.22 8.06 404 227.7 177.39 420
Aligorzan 0.2 8 518 342.5 324.12 620
Yekjofti 0.24 7.96 508 352.4 324.12 650
Elahieh 0.96 8.25 332 176.2 127.02 340
Bidsorkh 0.31 7.99 436 275.2 262.8 460
Darakeh 0.36 8.05 478 328.7 304.41 600
Siachogha 0.3 8.45 268 132.7 118.26 240
Amoleh 0.27 8.18 304 190.1 170.82 330
Garous 0.94 7.71 408 285.1 260.61 500
Abbarik 1.52 7.83 384 259.4 234.33 450
Sangchin 0.42 8.25 290 198 177.39 320
Kondoleh 0.21 7.88 368 253.4 229.95 460
Gilaneh 1.09 8.02 226 202 208.05 380
Mean 0.7 8.2 326.5 233.8 210.9 422.4
Max 2.8 8.62 518 352.4 324.12 670
Min 0.17 7.71 174 102 89.44 190
S.D 0.58 0.24 100 62.5 61.47 120.01
Pleasant level (max allowable as per Iran national standard) 5 6.5-9 1500 500 - 2000
Permitted level (as per EPA) 1 6.5-8.2 500 - - -

*S.D- Standard Deviation.
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Table 3
Averages of measured Cations and Anions.
District name Cations Anions
Calcium  Magnesium  Sodium  Potassium  Ammonium  Fluoride  Phosphate  Sulfate  Carbonate  Bicarbonate
Jeihoonabad 69.6 14.9 9 0.4 0.01 0.24 0 8.26 233.5 0
Herileh 81.6 15.8 9 0.2 0.02 0.31 0 3.44 302 0
Mirtaher 44.8 8.2 14 0.6 0.04 0.3 0 1.6 164.9 0
Jabarabad 98.4 9.6 7 0.4 0.01 0.21 0 1.97 302 0
Sefidkhani 53.6 13 6 0.1 0.01 0.34 0 1.81 213.2 0
Cheraghabad 84.8 15.4 9 2.2 0 0.22 0 5.38 314.7 0
Kalkanaftabro 32.8 4.8 5 0.1 0 0 0 7.65 109.1 0
Mouyineh 81.6 12 14 0.7 0 0.27 0 5.09 286.7 0
Jamishan 90.4 14.4 30 21 0.01 0.27 0 8.09 345.1 0
Sadol 55.2 4.3 2 0.1 0 0 0 2.07 167.9 2.08
Gounban 67.2 16.8 1 0.4 0.01 0.35 0 2.78 248.7 0
Ahmadabadmal 72 5.8 9 0.2 0 0.04 0 3.03 213.2 0
Tinmo 50.4 10.6 5 0.2 0 0.1 0 1.71 190.3 0
Baktarolia 90.4 9.1 5 0.2 0 0.12 0 5.53 286.7 0
Baktarsofla 64 9.6 4 0.2 0 0.22 0 2.96 213.2 0
Arganeh 62.6 29.9 11 1.4 0.01 0 0 10.92 307.3 0
Larkhani 59.4 19 8 0.9 0 0.08 0 9.72 216.4 0
Aligorzan 70.5 39.9 23 3.8 0.02 0.1 0 12.82 395.4 0
Yekjofti 64.9 45.6 26 1 0.01 0.04 0 19.93 395.4 0
Elahieh 49.9 12.4 8 0.4 0.01 0.03 0 5.81 155 0
Bidsorkh 80 18.1 5 0.5 0 0 0 5.69 320.6 0
Darakeh 72.9 35.2 20 0.9 0.01 0.02 0 11.92 371.4 0
Siachogha 35.6 10.5 7 0.2 0 0 0 6.67 144.3 0
Amoleh 61 9 4 0.3 0 0 0 5.54 208.4 0
Garous 80 20.4 9 0.7 0.01 0.01 0 4.74 317.9 0
Abbarik 70.5 20 12 0.6 0.01 0.04 0 4.68 285.9 0
Sangchin 49.1 18.1 3 0.4 0.01 0 0 5.49 216.4 0
Kondoleh 73.7 16.6 11 0.7 0 0.01 0 13.52 280.5 0
Gilaneh 49.9 18.5 18 0.7 0.02 0.12 0 6.12 253.8 0
Mean 66.1 16.5 10.1 0.7 0.0 0.1 0.0 6.4 257.2 0.1
Max 98.4 45.6 30 3.8 0.04 0.35 0 19.93 395.4 2.08
Min 32.8 4.3 1 0.1 0 0 0 1.6 109.1 0
S.D 16.420 9.947 7.170 0.796 0.009 0.123 0.000 4.251 75.087 0.386
Pleasant level (max allowable as per Iran 400 150 200 - 0.05 1.5 0.1 400 - -
national standard)
Permitted level by EPA - - - - - 2.0 0.2 250 - -

*S.D- Standard Deviation.

minimal variation and remained within the pleasant range of 6.5-8.5.
The upper range of the pH in our study is 8.62 (Sadol village sample)
which is slightly above the pleasant level and this is also higher than the
research study (pH 7.5) published by Rahmani and colleagues (2014) on
the quality of water resources of Boyinzahra town (Iran) [29]. This
higher pH could be because of the higher amount of bicarbonate that
was measured in this sample (Fig. 5). Such pH variations are common in
the well based water resources as [30] observed a mean of pH = 7.3 and
max pH = 8.4 for well water resources located in Shahrekord, Iran.

Aside from the above-mentioned parameters, TDS was also studied
which remained significantly lower than the pleasant levels. The highest
level, yet lower than the permitted level, was reported from Aligorzan
village (518 ppm). TDS levels of the present study is comparable to the
well-based water resources located in Shahrekord, Iran [31]. From our
study, it is evident that EC, alkalinity, total hardness and turbidity vary
from sample to sample and to determine a relationship between these
parameters a linear regression was performed. Alkalinity is positively
correlated with total hardness and EC. Hardness has a positive correla-
tion with EC (Fig. 4). Because these are sensible relationships, these
further validate our quantifications of these parameters from various
water samples. These relationships could be useful in predicting whether
water could result in corrosion or sedimentation and what measures to
take to avoid any deterioration in the performance of the water delivery
system. Based on the accuracy of our measurements and multi-level
factors analysis that fall within the pleasant level, it can be concluded
that these water samples, at the point of sample collection, are not un-
safe for human consumption.

While, according to our study, all studied factors for all samples were
found to be within the pleasant range which is consistent with other

study based on well water resources located in Shahrekord, Iran [29], a
few studies focusing on groundwater such as Rahmani observed a few
factors (i.e. total hardness) outside the pleasant level [29]. High hard-
ness is rooted in type of resource as well as lime layers. Geologically,
Northern altitudes around Sahneh savannah is combined of Schist for-
mations from transformation of shale-clay layers related to lower
Jurassic. Owing to impermeability, these altitudes do not enjoy positive
hydrodynamic features. Thus, water transfers just along fractions. Ac-
cording to lime formations after Schist layers, in appropriate conditions,
water flows through springs. This water transfers along synclinal
channels from valleys to savannahs, building up underground waters
with joining to ground flows. Since underground waters are accumu-
lated in savannahs and alluviums (formed of depreciating lime and
schist altitudes), they are rich at hardness.

3.2. Distribution of cations and anions in the water samples and their
interactions with the factors effecting erosion and sedimentation

Calcium ions were recorded higher than the pleasant level in Bak-
tarolia, Bidsorkh, Cheraghabad, Garous, Herileh, Jabrabad, Jamishan,
Mouyineh. Ammonium level in the majority of water samples remained
below the pleasant levels except for the samples form village Mirtaher.
Sulfate and phosphorus levels were much lower than pleasant levels.
Carbonate levels varied among samples whereas no bi-carbonate was
detected in any sample other than the water sample from Sadol. The
presence of carbonate and bi-carbonate ions is indicator a slightly
alkaline pH. One of the major components of water is fluoride that
ranged from O to 3 mg/L which is consistent with the fluoride levels
reported in the groundwater of west Azerbaijan province in Iran [29].
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Table 4
Drinking water condition regarding erosion and sedimentation indexes.
District Name Index
LSI RSI PSI Al LS

Jeihoonabad 0.46 7.03 6.97 12.56 0.46
Herileh 0.68 6.64 6.46 10.69 0.68
Mirtaher 0.53 7.28 7.82 10.50 0.53
Jabarabad 0.95 6.30 6.33 10.97 0.95
Sefidkhani 0.70 6.93 7.29 10.68 0.70
Cheraghabad 0.65 6.65 6.39 10.67 0.65
Kalkanaftabro 0.45 7.63 8.65 10.39 0.45
Mouyineh 0.88 6.47 6.54 10.89 0.88
Jamishan 0.87 6.39 6.25 10.92 0.87
Sadol 0.93 6.76 7.57 10.89 0.93
Gounban 0.99 6.49 6.90 10.98 0.99
Ahmadabadmal 0.95 6.56 7.07 10.95 0.95
Tinmo 0.80 6.89 7.50 10.77 0.80
Baktarolia 0.93 6.36 6.44 10.93 0.93
Baktarsofla 0.96 6.59 7.15 10.95 0.96
Arganeh 0.46 6.97 6.66 10.47 0.46
Larkhani 0.47 7.12 7.22 10.47 0.47
Aligorzan 0.71 6.59 6.24 10.75 0.71
Yekjofti 0.63 6.71 6.32 10.67 0.63
Elahieh 0.46 7.34 7.84 10.44 0.46
Bidsorkh 0.69 6.61 6.39 10.70 0.69
Darakeh 0.75 6.56 6.30 10.78 0.75
Siachogha 0.50 7.44 8.19 10.46 0.50
Amoleh 0.60 6.97 7.22 10.59 0.60
Garous 0.40 6.91 6.42 10.42 0.40
Abbarik 0.43 6.98 6.67 10.44 0.43
Sangchin 0.60 7.05 7.34 10.58 0.60
Kondoleh 0.49 6.91 6.66 10.50 0.49
Gilaneh 0.43 7.16 7.12 10.42 0.43
Mean 0.67 6.84 6.96 10.74 0.7
Max 0.99 7.63 8.65 12.56 0.99
Min 0.40 6.30 6.24 10.39 0.40
S.D 0.20 0.34 0.63 0.40 0.20

*S.D- Standard Deviation.

As shown in Fig. 6, multivariate analysis was performed to explain
the role of Cations and Anions in total hardness, alkalinity, and EC. TDS
and Na2*, SO%~, and bicarbonates levels were very low so these were not
used in this analysis. Total hardness has a positive correlation with EC,
alkalinity, carbonate (CO37), Mg2*, Ca®", pH, K*. Similarly, alkalinity,
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has a positive correlation with EC, total hardness, carbonate, Mg2+,
Ca*, pH, K'. EC has a positive correlation with total hardness, car-
bonate, alkalinity, Ca%*, Mg?*, K*, pH (Table 5). These relationships
could be used in predictive modeling to determine the state of water.

Statistical analysis, model fitting and factor interactions were per-
formed using JMP Pro 13.2 and the data were interpreted according to
the previously published study [31]. A statistical analysis test was car-
ried out to determine the factors that control the total hardness in water
and these are statistically significant. Based on the stepwise fit analysis,
EC, Ca%t, Mg?*, Na* and CO%~ have some relationships. A final model
was developed after removing the factor for which the p values were
above 0.05. Ca®" and Mg?" were found to be statistically significant.
Therefore, Ca®", Mg2+ controls the total hardness. Total hardness can be
controlled by changing the amount of Ca?*, Mg?" in water. From the
current study, the following formula was developed that can be used to
determine the total hardness in water.

Total hardness = —0.115809367560871 -+ 2.50082835689021% Ca" +
4.16831555428716% Mg>*.

Similarly, statistically significant factors that affect alkalinity were
determined. CO3~ and HCO3, based on the experimental data, were
found to be statistically significant. Based on the experimental data from
our study, the following formula can be used to determine alkalinity.

Alkalinity = —0.0148474295503718) + 0.837757574190874 * HCO3 +
0.819727883711932 *CO%

Considering the inter-factor relationships that are statistically sig-
nificant, the health of water can be determined and new strategies or
remedies can be proposed to control corrosion and sedimentation to
maintain a healthy status of water and water delivery systems.

3.3. Standard indexes for the water quality control check

According to Table 4, the values of LSI, RSI, corrosion or aggres-
siveness, PSI were 0.67, 6.84,10.74 and 6.96, respectively. According to
the results, water resources of Sahneh town were highly likely to sedi-
ment based on LGI, corrosive based on PSI, neutral based on RSI, and
corrosive based on aggressiveness indexes. As per LSI, water samples
from all studied villages were over the zero-level suggesting inclination
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Fig. 2. The critical parameters for 29 collected water samples contributing to corrosion and sedimentation. Water samples from 29 villages were analyzed for
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positively correlated with total hardness and EC. Whereas EC is positively correlated with total hardness. JMP Pro 13.2 was used to fit the data and R? value for all
three plots remained above 0.89. Correlations between these factors are statistically significant (shown by significance probability).

towards sedimentation. The Gounban village had the highest level of LSI
of 0.99. Therefore, it is the most probable village to experience sedi-
mentation. According to RSI, 72.4% of Sahneh villages are neutral and
only 27.6% are corrosive. Kalkanaftab village had the maximum level of
RSI (7.36) among all villages.

The Aggressiveness index reported 96% of studied villages as cor-
rosive while sedimentation was reported for Jeihoonabad village. As per
PSI, water from all villages is corrosive and strikingly Kalkanaftab
village had the maximum level of 8.65. Thus, the water sample from this
village has the stronger tendency to become corrosive than all other
villages. A similar finding was reported by Gholizadeh showing the 7.12
+ 0.57 as the mean value of RSIL In this study, most of the water re-
sources had low to moderate corrosivity [32]. According to the
Aggressive index, 96% of studied villages were found to be moderately
aggressive. Jeihoonabad was the only village with nonaggressive index
of 12.56, the maximum amount.

Al index is for water monitoring in Asbestos pipes. Since Al, as an
analytical index, does not include influences of temperature or dissolved
solids, it would be unfair to compare it with the Larson-skold index. In

this case, Al index is not appropriate, because Asbestos pipes have not
been used in studied villages [33]. With regard to applying steel pipes in
Sahneh distribution network, LSI seems much more suitable for deter-
mining the condition of villages of Hrasin.

According to Table 4, Larson-skold index shows that 100% of the
villages are in Scaling condition. Scaling is a process in which calcium
and magnesium ions upon reactions with other water-soluble substances
form a thin layer in the inner walls of water pipes. Because the con-
centrations of chloride and sulfate is the lowest in the Sahneh distribu-
tion network (Fig. 4), these are unlikely to interfere with the formation
of a natural film. The Larsson-Sckold (LS) index has been used in a
similar study performed by Abbasnia in which water sources according
to Al, PSI and RSI were very lightly corrosive however corrosive to the
Larsson-Sckold index [23]. In the same study, PSI was used for the
scaling possibility and Kalkanaftabro village showed the highest PSI of
8.65. Therefore, scaling possibility of this village was higher than other
villages. It is essential to note that PSI for areas with pH less than 8 is not
a good indicator for scaling and corrosion [25]. Another study in Iran
conducted by Khademian also explored the potential of drinking waters
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Table 5

Multivariate analysis of factors.

Calcium Magnesium  Potassium  Ammonium  Fluoride Carbonate  Bicarbonate

Turbidity (NTU)

pH

Total hardness (mgCaCO3/1)

Alkalinity (mgCaCO3/)

EC (ps/cm)

—0.2603
—0.2238
—0.2393
0.3573
0.2156

0.9482
1.0000
0.9798

0.1372
0.0707
0.0599
0.1276
0.2272
0.2856

0.1588
0.1529
0.1152

0.6535
0.6258
0.5885

0.6892
0.7551
0.7605

0.7537
0.7296
0.7551

0.1760
0.1199
0.1190
0.0158
1.0000
0.4307

—0.6549
—0.7013
—-0.7135
1.0000
0.0158

0.9518
0.9797
1.0000

0.9479
1.0000
0.9797

1.0000
0.9479
0.9518

EC (ps/cm)

Alkalinity (mgCaCO3/1)

Total hardness (mgCaCOs3/1)

pH

—0.7023
0.1186
0.7294
0.7554
0.6258
0.1536
0.0717
1.0000

—0.2206
0.1055

—0.4467
—0.1208
0.2955
0.5953
1.0000
0.2446
0.0484
0.6258

—0.6050
—0.2476
0.1485
1.0000
0.5953
0.2725

—0.4758
0.4307
1.0000
0.1485
0.2955

—0.7135
0.1190
0.7551
0.7605
0.5885
0.1152
0.0599
0.9798

—0.7013
0.1199
0.7296
0.7551
0.6258
0.1529
0.0707
1.0000

—0.6549
0.1760
0.7537
0.6892
0.6535
0.1588
0.1372
0.9482

Turbidity (NTU)

Calcium

-0.1276
—0.2352
—0.1475
—0.1599
—0.1858
—0.2288
1.0000

—0.0997
0.2725
0.2446
1.0000
0.3827
0.1536

—0.4758
—0.6050
—0.4467
—0.2206
0.1276

—0.1924
0.0484
0.3827
1.0000
0.0717

—0.2476
—0.1208
0.1055
0.2272
0.1186
0.2156

Magnesium

Potassium

—0.0997

0.2856
0.7294

Ammonium

Fluoride

—0.1924
0.7554

—0.7023
0.3573

Carbonate

—0.2288

—0.1475 —0.1599 —0.1858

—0.2352

—0.1276

—0.2393

—0.2238

—0.2603

Bicarbonate
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of villages of Ghaemshahr in terms of erosion and sedimentation. This
study reported the average values along with standard deviations for
LGI, RSIL, PSI and aggressiveness indexes as 0.438 + 0.052, 6.99 +
0.785, 5.85 + 0.81, and 11.90 + 0.5, respectively. Drinking waters of
villages of Ghaemshahr tended less to sediment [34].

3.4. Considerations to improve water distribution network

Every year, a huge investment is put into establishing a potable water
distributing network of villages. In this process, it would be wise to
utilize the scientific and technical criteria to make the water distributing
networks effective. There exist various methods for corrosion realiza-
tion, study and control. Corrosion control techniques include the use of
corrosion inhibitors, designing distribution and piping system,
improving water quality and cathodic protection. Plumbing system
design considerations, water quality modifications are more appropriate
and applicable for villages [30].

Operators can promote the formation of a protective calcium car-
bonate scaling on the metal surface of plumbing by adjusting pH,
alkalinity, and calcium levels. Calcium carbonate scaling occurs when
water is oversaturated with it. It is important to note that pH levels well
suited for corrosion control may not be optimal for other water treat-
ment processes, such as coagulation and disinfection. To avoid this
conflict, the pH level should be adjusted for the corrosion control
immediately prior to water distribution, and after the other water
treatment requirements have been satisfied [35]. Lime softening affects
metal solubility by changing the water’s pH and carbonate levels. Hy-
droxide ions are then present and they decrease metal solubility by
promoting the formation of solid basic carbonates that protect the sur-
face of the pipe [36].

4. Conclusions

Due to the potential negative health effects of corrosiveness, heavy
metals, erosion and sedimentation, water systems must be thoroughly
studied. The current study is based on the extensive analyses of water
samples collected from 29 villages of Sahneh town. Cations, Anions,
hardness, fluoride, physical and chemical parameters of water resources
of most of Sahneh villages were found to be in the pleasant level. Inter-
relationships between these factors were studied to determine how these
could impact erosion and sedimentation. Total hardness, alkalinity and
EC were found to be strongly correlated in all water samples. Total
hardness of the all water samples was dictated by the Ca?>" and Mg%*
ions whereas alkalinity was primarily defined by carbonates (CO%’). The
water stability indices were used to determine the state of the water
delivering network. According to the Langelier index (LSI), all water
samples were oriented to sediment and corrosive in nature as per the
aggressiveness and Pockurius indexes (PSI). Water stability indices are
important in alleviating corrosion and scaling in water-providing sys-
tems. According to the Larsson-Sckold index (LS), water samples were
slightly in the range of scaling. In order to prevent scaling, control of
sulfate, carbonate and bicarbonate chloride Anions is recommended. It
is critical to control chemical features of water annually by the gov-
ernment and offering solutions such as balancing pH of aeration, and
using pipes with appropriate texture (like polypropylene).
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