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a b s t r a c t
Corrosion and scaling occur due to the physicochemical reactions between the inner surface of pipes, 
cations, and anions. These reactions lead to the entrance of heavy metals into the water and scale 
formation on the inner surface of pipes. The present cross-sectional study conducted in 2015–2017 
aimed to investigate the drinking water quality of rural distribution networks in the north of Iran 
by using corrosion and scaling indices. Samples were taken from 53 points of the distribution net-
work by random sampling and sent to the laboratory under standard conditions. The mean chem-
ical parameters of the total dissolved solids, electrical conductivity, pH, chloride concentration, 
bicarbonate, and total hardness were 687.83 ± 267.69 mg/L; 1,058.21 ± 411.83 µmoh/cm; 7.32 ± 0.28; 
173.04 ± 12.08 mg/L; 530.52 ± 157.39 mg/L; and 511.39 ± 153.00 mg/L, respectively. The corrosion 
and scaling indices, including the Larson–Skold index (LS), Ryznar stability index (RSI), Puckorius 
scaling index (PSI), Langelier saturation index (LSI), and aggressiveness index (AI) were also stud-
ied. According to the results, the average values of LSI, RSI, PSI, LS, and AI were 0.41 (±0.59), 6.50 
(±0.59), 5.32 (±0.69), 0.50 (±0.24), and 10.54 (±0.46), respectively. Moreover, according to LSI, RSI, 
PSI, LS, and AI indices, the scaling tendency in the water network was 98.11%, 18.87%, 79.25%, 
92.45%, and 1.89%. The spatial distribution of scaling indices was determined using the geographic 
information system.
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1. Introduction

The increase in population, urban development, indus-
trialization, extreme utilization of water resources, and 
unprocessed waste and wastewater disposal have greatly 
affected the quality of water resources [1,2]. The report of 
the United Nations has raised serious concerns about the 
growing population and decreased access to freshwater. 
Due to the lack of proper management and inaccessibility 

to professional experts, this problem will become more 
severe in developing countries [3–5]. Currently, 1.1 bil-
lion people are deprived of access to safe drinking water, 
and 2.5 billion do not have access to basic health services. 
Waterborne diseases cause more than 5 million deaths/y 
[6]. Groundwater resources are the most important sources 
of water demand for agriculture and drinking in Iran and 
other areas with similar climatic conditions [7]. Therefore, 
regulatory monitoring of the quality of these resources 
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seems to be essential for preventing adverse health effects. 
The corrosion and scaling potential is one of the most nota-
ble indices in assessing the quality of drinking water [8]. 
In distribution networks, corrosion occurs due to physico-
chemical or electrochemical reactions between water and 
the pipe. Corrosion of pipes results in the entrance of heavy 
metals such as lead and cadmium into the water, and con-
sequently endangers the public health [9]. Scaling through 
the reaction of calcium and magnesium cations with the 
anions in water leads to the formation of a deposited layer 
on the inner surfaces of the pipes. The factors affecting these 
two processes include water flow rate, alkalinity, electrical 
conductivity, residual chlorine, hardness, dissolved oxygen 
(DO), total dissolved solids (TDS), pH, contact time, tem-
perature, and pipe age [10,11]. An investigation of the water 
distribution system in Iran indicates that approximately 
30% of water is wasted via leakage caused by corrosion [12]. 
In countries such as Australia and Japan, the annual cost 
of corrosion is estimated at 3%–4% of the gross domestic 
product (GDP). A study conducted by the Federal Highway 
Administration (FHWA) (2002) reported that the cost of 
corrosion in the US public water systems is $22 billion/y, 
which includes 3.1% of GDP [13].

The present study aimed to determine the physico-
chemical parameters and calculate the corrosion and scaling 
potential during 2015–2017 in the rural water distribution 
network of Rasht, Iran. The results of this study can help 
administrators to improve the quality of water. Due to the 
high cost of testing, seasonal sampling was not possible. 
This was the first study to examine the following indices 
in this region: Larson–Skold index (LS), Ryznar stability 
index (RSI), Puckorius scaling index (PSI), Langelier satura-
tion index (LSI), and aggressiveness index (AI). The spatial 

distribution of corrosion indices was performed by using 
the geographic information system (GIS), which is a pow-
erful tool for assessing water quality, preventing flooding, 
and proposing solutions for water resource problems on a 
regional or local scale [14].

2. Materials and methods

2.1. study area

The study area was the rural distribution network in 
Rasht, a city in the center of Guilan Province in the north of 
Iran. The three main parameters of the economy of Guilan 
Province include agriculture, tourism, and industry. The 
latitude and longitude of the city are 37°,17′N and 49°,35′E, 
respectively [15]. Rasht covers a land area of 180 km2 and 
is located about 30 km away from the Caspian Sea [16]. 
The average monthly temperature and annual precipi-
tation are 15.8°C and 1,500 mm, respectively [17]. Fig. 1 
represents the study area and location of sampling points.

2.2. Sample collection and analysis

This descriptive cross-sectional study was conducted on 
the drinking water of Rasht’s rural distribution network in 
2015–2017. Fifty-three samples were collected from 19 rural 
areas, and simple random sampling was performed based 
on the population of each village. Samples were transferred 
to the laboratory under standard conditions, and physical 
and chemical parameters were measured based on APHA 
standard methods (Table 1) [18]. GIS is a common tool for 
managing spatial data and surveying the spatial and tem-
poral quality of water [9]. GIS software version 9.3 was used 

Fig. 1. Location map of the study area and sampling sites, Rasht, Iran.
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to display the corrosion and scaling indices in different 
regions.

2.3. Calculation of corrosion and scaling indices

Microsoft Office Excel 2013 was used to analyze the 
corrosion and scaling indices, namely LS, RSI, PSI, LSI, and 
AI. Table 2 presents the calculation of the above-mentioned 
indices [8,19,20].

3. Results and discussion

Corrosion and scaling indices were adopted to evaluate 
rural water quality in Rasht. After calculation indices, the 
layers were prepared in ArcGIS based on field information. 
Fig. 2 illustrates the spatial changes of the rural distribution 
network of drinking water in Rasht during 2015–2017. The 
results of physical and chemical experiments are presented 
in Table 3. Furthermore, Table 4 shows the values of corro-
sion and scaling indices.

According to the standard established in Iran, the opti-
mum pH for drinking water falls in the range of 7–8.5. The 
mean pH value of the samples was 7.32, which is approx-
imately within the normal range [21]. The average value 
of the samples’ electrical conductivity was 1,058.21 µmoh/
cm. Furthermore, the mean value of TDS was 687.83 mg/L. 

HCO3
– is one of the most significant factors in the creation 

of hardness [21]. The mean concentration of HCO3 was 
530.52 mg/L. The average value of total hardness, in terms 
of calcium carbonate, was measured as 511.39 mg/L. The 
appearance of chloride in water can be due to the weathering 
of stones and soils or urban wastewater [22]. This element 
can create high amounts of corrosion in steel pipes [23].

The average of chloride in samples was 173.04 mg/L, 
which is lower than the recommended level of the stan-
dard established in Iran (600 mg/L) [21]. Sulfate and mag-
nesium produce undesirable effects in the gastrointestinal 
tract at high concentrations [24]. The average sulfate and 
magnesium concentration in the samples equaled 86.30 and 
25.66 mg/L, respectively, which is less than the standard cri-
teria in Iran (400 and 150 mg/L, respectively). Furthermore, 
the average phosphate concentration in the samples was 
0.61 mg/L [21].

Nitrate is one of the most common chemical pollutants in 
aquatic environments and groundwater resources through-
out the world. It is introduced to the environment in differ-
ent ways such as improper waste disposal, animal faeces, 
and nitrogen fertilizers [25–27]. The effects of the presence 
of nitrogen compounds in drinking water includes the blue 
baby syndrome, hypertension, thyroid dysfunction, and 
cancer caused by the production of nitrosamines [28]. The 
highest concentrations of nitrate and nitrite in this study 

Table 1
Parameter measurement methods

Parameter Method

pH pH meter
EC (µmoh/cm), TDS (mg/L) EC meter
HCO3

–, TH, Cl–, Mg2+, and Ca2+ (mg/L) Titrimetric method (with EDTA)
SO4

2–, NO2
–, NO3

–, PO4
2–, and F– (mg/L) Spectrophotometric

K+, Na+ (mg/L) Flame photometric

Table 2
Corrosion and saturation indices for categorizing the stability of water

IndicationResults indexIndex equationIndex

Under saturated, tend to dissolve solid CaCO3LSI < 0
pHs – pH = LSI

Langelier saturation index 
(LSI)

Saturated, CaCO3 is in equilibriumLSI = 0
Super saturated, tend to precipitate CaCO3LSI > 0
Super saturated, tend to precipitate CaCO3RSI < 6

RSI = 2pHs – pH
Ryznar stability index  
(RSI)

Saturated, CaCO3 is in equilibrium6 < RSI < 7
Under saturated, tend to dissolve solidCaCO3RSI > 7
Scaling is unlikely to occurPSI < 6

PSI = (2pHeq) – pHs

Puckorius scaling index 
(PSI) likely to dissolve scalePSI > 6

Chloride and sulfate are unlikely to interfere with 
the formation of protecting film

LS < 0.8
LS = (Cl– + SO4

2–)/(HCO3 + CO3
2–)Larson–Skold index (LS)

Corrosion rates may be higher than expected0.8 < LS < 1.2
High rates of localized corrosion may be expectedLS > 1.2
Non-aggressiveAl > 12

Al = pH + log [(AlK)(H)]Aggressive index (AI) Moderately aggressive10 < Al < 12
Very aggressiveAl < 10
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were 40 mg/L and 0.07 mg/L, respectively. Both concentra-
tions were lower than the World Health Organization (WHO) 
guidelines [21].

Fluoride is a fundamental micro-element for the body. 
According to WHO guidelines, the optimal concentration of 
fluoride in drinking water is 1.5 mg/L [21,29]. The average 

concentration of fluoride was 0.38 mg/L in this study. A fluo-
ride concentration less or more than these standard concen-
trations can cause problems such as tooth decay and skeletal 
fluorosis [7,8]. Given that the announced concentration is 
much lower than the permitted level, its control is critical for 
preventing tooth decay in consumers.

Fig. 2. Spatial distribution of (a) Langelier, (b) Puckorius, (c) Larson–Skold, (d) Ryznar, and (e) aggressive indices of the rural distri-
bution network in the Rasht, Iran.
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The minimum amount of cations belonged to potas-
sium with an average of 13.13 mg/L. In addition, the aver-
age concentration of sodium was 164.72 mg/L. The presence 
of this element in water may be attributed to the weath-
ering or dissolution of salts in the soil, human activities, 
and agriculture [24]. The mean concentrations of calcium 
and magnesium were 162.47 and 25.66 mg/L, respectively. 
Calcium and magnesium, in combination with anions such 
as bicarbonate, sulfate, and chloride, can cause hardness. A 
high concentration of these two elements causes abdominal 
discomfort and increases the costs of scaling on the tube 
surface [24,30]. Table 4 presents the results of calculating 
the following indices: LS, PSI, LSI, RSI, and AI.

Based on the results of the studied indices, the aver-
age values of the LS and PSI indices were 0.5 (±0.24) and 
5.32 (±0.69), respectively, indicating the scaling of the water 
distribution network. It is evident that water can form a 
protective film without the interference of chloride and 
sulfate ions. The value of LSI was 0.41 (±0.59); thus, the 
water quality belongs to the scaling category. Moreover, 
according to the RSI (6.50 ± 0.59) and AI (10.54 ± 0.46) indi-
ces, the water belongs to the categories of stabilized and 
corrosive, respectively.

The findings showed that based on LSI and PSI, 98.11% 
and 79.25% of samples were scale-forming, respectively. 
These indices are depicted in Figs. 2a and b. The evaluation 
of water stability with the LS indicated that 92.45% of the 
samples belonged to the scaling category (Fig. 2c); more-
over, based on the RSI and AI indices, 18.88% and 1.89% of 
the samples were scale-forming. These indices are shown in 
Figs. 2d and e. The severity of scaling in the water of the 
rural distribution network of Rasht was examined by using 
a GIS, as shown in Fig. 2.

According to the study by Alipour et al. [10] evaluating 
the corrosion and scaling tendency indices in the drinking 
water distribution system of Bandar Abbas, Iran, the nature 
of water was slightly scale-forming based on RSI, PSI, and 
AI indices. In the case study conducted by Mirzabeygi et 
al. [8] to assess the corrosion and scaling potential of the 
drinking water distribution network of Torbat Heydarieh, 
Iran, the tendencies for corrosion were reported to be 40%, 
100%, 93.3%, 94%, and 33.3%, respectively, based on LSI, 
RSI, PSI, LS, and AI indices. Moreover, Taghipour et al. [12] 
analyzed 80 samples to evaluate the corrosion and scaling 
potential of the water distribution network of Tabriz, Iran. 
The values of LSI, RSI, PSI, and AI indices equaled –0.68 

Table 3
Statistics of distribution network parameters

Measured 
parameters

Unit Minimum Maximum Mean Standard 
deviation

WHO guideline 
(2017)

Iran standard 
(1,053)

pH – 6.6 8 7.32 0.28 – 7–8.5
EC µmoh/cm 102 1,980 1,058.21 411.83 – –
TDS mg/L 198 1,574 771.3 286.13 – –
HCO3

– mg/L 183 756 530.52 157.39 – –
TH mg/L 161.9 806.2 511.39 153.00 – 500
Cl– mg/L 5 525 173.04 120.81 – 600
SO4

2– mg/L 6 240 86.30 50.78 – 400
PO4

2– mg/L 0.1 2.46 0.61 0.51 – 0.2
NO3

– mg/L 0.6 40 7.14 6.36 50 45
NO2

– mg/L 0.01 0.07 0.02 0.01 3 0.004
F– mg/L 0.03 1 0.38 0.22 1.5 0.6–1.7
K+ mg/L 0.3 100 13.13 18.16 – –
Na+ mg/L 0.96 490 164.72 173.73 50 –
Mg2+ mg/L 4 58 25.66 14.80 – 150
Ca2+ mg/L 50 270 162.47 52.23 – 200

Table 4
Drinking water stability of Rasht rural distribution network

Index Minimum Maximum Mean Standard 
deviation

LS 0.07 1.25 0.50 0.24
PSI 4.22 7.00 5.32 0.69
LSI –0.90 1.29 0.41 0.59
RSI 5.42 8.41 6.50 0.59
AI 9.17 12.19 10.54 0.46
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(±0.43), 8.34 (±0.54), 7.86 (±0.36), and 11.23 (±0.36), in that 
order, suggesting that the water distribution network of 
Tabriz was corrosive. An assessment of the quality of tap 
water resources and the potential of scale formation and 
corrosivity in Tafila Province, south of Jordan, showed that 
the water samples were slightly corrosive according to the 
RSI and LSI values [31].

4. Conclusion

The quality of drinking water in the rural distribution 
network of Rasht was examined. Among the studied chem-
ical parameters, only the concentrations of fluoride and 
sodium were higher and lower than the WHO guidelines, 
respectively. The high concentration of sodium can lead to 
consumer dissatisfaction. Also, a fluoride concentration less 
than the standard limit can lead to tooth decay. It is essential 
to control the water quality for protecting health and main-
taining the aesthetic effects of these elements. According 
to the LSI and PSI indices, 93.11% and 79.25% of samples 
had a tendency to scale formation, respectively. The results 
obtained from LS and RSI revealed that 92.45% and 18.87% 
of the water samples can be classified into the scale-forming 
category. Based on the AI index, only 1.89% of samples were 
scale-forming. A reduced flow in pipes and clogging are the 
main effects of scaling. Based on the results of the present 
study, the rural distribution network of Rasht has a scaling 
tendency. To overcome this problem, pH, temperature, DO 
content, and TDS must be periodically monitored.
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