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ABSTRACT

The objective of this descriptive and cross-sectional study was to evaluate the scaling and corro-
sion potential of groundwater resources of Kerman province (southeast of Iran) in 2015. The values
of quality factors including carbonate, bicarbonate, calcium, magnesium, sodium, chloride, sul-
fate, hardness, alkalinity, pH and temperature were obtained and the Langelier, Ryznar, Puckorius
and Aggression indexes were computed and corrosion and scaling potential of the groundwater
resources were assessed. The results of this study showed that the most values of physical and chem-
ical parameters were in the range of favorable limit to higher than permissible limits, except pH and
temperature which were in the favorable limit. The concentration of sulfate, chloride, and sodium
was higher than the standard limit at 34.48%, 31.03%, and 51.72% of samples, respectively. The results
of this study showed that the index values in most of the studied areas were placed in the corrosion
limits and the average of Langelier, Ryznar, Puckorius, and Aggression index were less than zero,
>7.5,>6, and 10 to 12, respectively. The difference between corrosion and scaling potential was ana-
lyzed by the Chi-squared test and the results illustrated that most of the studied sites were classified
in the corrosive group. The results of this study disclosed that the effects of sulfate and chloride
concentration on the water quality, scaling, and corrosion potential were higher than other factors.
The comparison of water stability indexes showed that the groundwater resource of Kerman prov-
ince was corrosive. Therefore, it is suggested that the practice of continuously checking the important
parameters and adjusting pH of water resources using lime could be proposed in order to control
the corrosion phenomena.
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1. Introduction

Corrosion phenomenon as a consequence of some
physical-chemical reactions leads a series of changes in the
qualitative properties of metal equipment, such as tanks,
pipes, valves, and special pumps employed for water trans-
fer [1-3]. In other words, the physical-chemical reactions,
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in particular, electrochemical reactions occurring between
the equipment and its surrounding environment and, in par-
allel, causing the dissolution of metal alloys, are known to
be responsible for corrosion phenomenon according to the
definition of the ISO 8044 standard. Cavity creating, reducing
the resistance and durability of equipment, and water loss
are the main complications resulted from the corrosion [4,5].
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In most of the countries, great attention has been paid to this
phenomenon due to its health and economic aspects; in con-
trast, it is poor in continuous inspection and monitoring of
the susceptible environment to corrosion [2,6].

From health problems, chronic diseases can be referred
to the dissolution of heavy metals such as arsenic, cop-
per, lead, and zinc over corrosion and their accumulation
in the body. For example, it can be pointed that the toxic-
ity of copper at high concentrations for the body because
of the accumulation of lead in the bone and its subsequent
effects on the central nervous system and mental retarda-
tion. High concentrations of arsenic cause skin and lung
cancer, increasing blood pressure and cardiovascular dis-
eases [7-9]. Another problem related to this phenomenon is
color appearance in water that led to increased consumer’s
complaint and reducing citizen’s trust [10,11].

In several studies performed in some countries, such
as Japan, United States, Australia, Britain, and some other
countries, it has been observed that costs and damages
resulted from corrosion have posed further growing than the
gross domestic product [10,12,13]. The main factors affect-
ing corrosive and scaling potential of the water include pH,
alkalinity, hardness, carbon dioxide, dissolved oxygen (DO),
temperature, total dissolved solids (TDS) [14-16].

Scaling process, another problematic phenomenon for
the water equipment, is the reaction of divalent cations,
such as calcium and magnesium, with carbonate and bicar-
bonate compounds in the saturated waters, taking a great
importance in term of economic view of points because of
the formation of a sediment layer on the inner surface of the
employed plant and pipes. From the effects of scaling in a
water distribution network, it can be referred that pressure
drop, flow rate reduction, and pipe obstruction impose addi-
tional costs to the relevant authorities at the time of operation
[17,18]. With population growth in the world, a more exten-
sive water need was yielded in domestic, agricultural, and
industrial sections resulting in overuse of the available water
sources, especially groundwater resources [1,19,20].

Groundwater is one of the most important resources of
water bodies, encountering with different challenges such
as dropping in its water tables and increasing in its natural
and synthetic contaminants content. Since Iran is located in
an arid and semi-arid region of the world, the qualitative
assessment of water resources, especially the groundwa-
ter as the most important water resources for southern
and eastern regions, has great importance for the country’s
water resources development projects. Nevertheless, there
are no actions for improving the quality of water resources
in comparison with the plans of water resources develop-
ment [3]. Various factors such as geological structure and
type of water resources could affect the chemical quality of
water and subsequently corrosion and scaling potential of
water [10].

Application of corrosive indexes has been widely used
due to simplicity in calculating corrosion and scaling poten-
tial of water. In general, for this work, there are several
indexes such as Langelier, Ryznar, Puckorius and Aggression
indexes and Marble Test. The Ryznar index (RSI) has a the-
oretical basis and in contrast, the Langelier index (LIS) was
developed with an empirical basis. These indexes were
developed through an error test. The only difference at the

Puckorius index rather than the Ryznar index is that the
equilibrium pH is used instead of pH value. The Larson—
Skold index was developed by chloride-sulfate-induced cor-
rosion, and alkalinity was considered as a limiting factor [21].
So far, a number of studies have been done on the corrosion
and scaling status of water resources. According to the study
that was conducted in Nigeria, the corrosion and scaling con-
ditions have been investigated by three Langelier, Ryznar,
and Larson-Skold indexes. The results indicated a corrosive
condition in the water sources of the studied area. It was also
observed that there was a direct correlation between changes
in iron concentration and these indexes [22]. In another
study on the water supply system in Bandar Abbas (south
of Iran), the stability conditions of water were assessed using
Langelier, Ryznar, Larson-Skold, Puckorius, Marble, and
aggressive test. According to the Ryznar index, in 20% of the
cases, the water stability was a neutral limit, and in 80% of
it tended to be corrosive. According to the Langelier index,
6.6% of the total samples were at the neutral condition, and
93.4% had a tendency to be corrosive [3]. Another research
has also been conducted to examine the stability status of
groundwater in the villages of Qom province (center of Iran)
by assessing and comparing four indexes of water stability
determination. It was found that the water condition in the
studied areas was in the corrosion limitation [1]. Other work
on the health of drinking water in the city of Noor Abad,
Lorestan, showed that all the resources of water supply were
corrosive based on the Ryznar, Puckorius, Larson-Skold and
Aggression indexes [2].

Kerman province, with an area of about 181,785 km?,
is located between 25° 55" and 32° latitude, and 53° 26’ to
59° 29’ longitude. This area has a semi-arid warm climate
with an average annual rainfall of 129 mm. Therefore, con-
sidering the geographic and geological conditions and very
low rainfall in this province, groundwater resources are
considered as the most important resources of water sup-
ply. A large part of drinking water in this area is provided
through deep and semi-deep wells, aqueducts, and foun-
tains. With regarding problems originated from corrosion
and scaling aspects of water sources, it seems to be vital that
information about the water quality issue must be promoted
for Kerman drinking water supply resources. However, so
far, a comprehensive study has not been done on the cor-
rosion and scaling potential of groundwater in Kerman
province, Iran. Thus, the aim of this study was to analyze
the physical and chemical characteristics and corrosion and
scaling potential of the drinking water resources of Kerman
province in accordance with Langelier, Ryznar, Puckorius,
Larson-Skold, and Aggression indexes.

2. Materials and methods
2.1. Study area

This descriptive cross-sectional study investigated the
corrosion and scaling potential of the groundwater aquifers
extracted through deep and semi-deep well, aqueduct, and
fountain in Kerman province. These resources are applied
to supply drinking water. The location of the Kerman prov-
ince in Iran, as well as the cities of the province, from which
the samples were collected, is shown in Fig. 1.
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Fig. 1. Location of Kerman province and their cities in Iran.

2.2. Water sampling

In order to determine the corrosion and scaling indexes,
the water quality data, including 11,767 experiments, were
obtained from the Iran Water Resources Management
Company (IWRMC) for all the seasons from March 2015 to
March 2016. The sampling was carried out as monthly in
each station and based on the quality analysis performed in
IWRMC, the obtained data presented the values of carbon-
ate (CO?), bicarbonate (HCOj), calcium (Ca*), magnesium
(Mg?*), sodium (Na"), chlorine (Cl"), sulfate (SOZ), hardness,
alkalinity, pH, and temperature over the study period. In
the company, the sampling and analyzing tests have been
carried out in accordance with the instructions given in the
book of the Standard Methods for the Examination of Water
and Wastewater [Federation, 2005 #19]. Some factors such
as electrical conductivity (EC), pH, and temperature were
measured at sampling point (in situ) by Water Checker
U-10 and other parameters were analyzed at a laboratory.
In addition, the parameter TDS was computed based on the
following equation:

TDS =0.55-0.7EC 1)

2.3. Determination of corrosion and scaling trend

The purpose of analysis of the values of the variables
was to compare the water quality of the studied area in the
aspect of stability characteristic with the drinking water
indices and became aware of the water quality conditions.
In this study, some of these variables were utilized to develop
Langelier, Ryznar, Puckorius, Larson-Skold, and Aggression
indexes programmed in Excel software (2010). The stud-
ied indexes based on their variation limitations and their
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associations to the corrosion and scaling conditions were
divided into several levels. A summary of how to calculate
studied indexes and other information is given in Table 1.

2.4. Statistical analysis

Chi-squared test implemented by SPSS (version 16) at the
95% confidence level was employed to compare the study
areas in terms of corrosion and scaling condition.

3. Results and discussion

Corrosion and scaling phenomena are the most import-
ant problems associated with the supply of drinking water.
In addition, these phenomena can cause undesirable health
effects as well as adverse economic consequences [23,24].
According to the studies, derivatives produced from corro-
sion of water types of equipment, reservoir tanks, and dis-
tributing pipes surfaces can accumulate or precipitate in the
distribution networks and ultimately protect microorgan-
isms from the effects of disinfectants. The proliferation of
these microorganisms results in a number of problems such
as producing the unfavorable taste and smells, and encour-
aging the corrosion intensification [24,25]. Table 2 shows
the average and standard deviation values of the physical
and chemical parameters of the water samples collected from
groundwater resources.

The results related to the studied sites exhibited that the
mean values of the parameters in comparison with the stan-
dard values recommended by national guideline fluctuated
from favorable or permissible limits to impermissible lim-
its. However, pH levels for all the studied areas were in the
favorable limit (7-8 given by WHO [26]), and temperature
values were in the desirable limit in esthetic aspects.
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Table 1

Calculation indexes of corrosion and scaling potential in the groundwater resources of Kerman province [9]

Index Calculation formula Index value Water stability
Langelier LSI=pH - pH; LSI>0 Corrosive
LSI=0 Neutral
LSI<0 Saturation
Ryznar RSI =2pH,-pH RSI<4 Highly saturation
5<RSI<6 Saturation
6 <RSI<7 Neutral
7<RSI<75 Corrosive
7.5<RSI<8.5 Highly corrosive
Puckorius PSI=2(pHeq) — pH, PSI<6 Tendency to initiate and progress scaling
pHeq = 1.465 x log (T.ALK) + 4.54 PSI>6 Tendency to corrode
Aggression index Al=pH + Log((A")(H")) AI<10 Highly corrosive
10<AI<12 Corrosive
Al>12 Saturation
Larson-Skold Index (LS) LS = (CI"+ SO} /(HCGO; + COY) LS>1.2 Heavy corrosion
0.8<LS<12 Significant corrosion
LS<0.8 Non-corrosive water

pH in saturation condition pHs=(9.3+A+B)-(C+D)

A =(Log,, (TDS) - 1)/10

B=-13.12 x Log,, (C° + 273) + 34.55
C=Log,, (Ca®as CaCO,)-0.4

D =Log,, (alkalinity as CaCO,

“A is the total alkalinity (mg/L as CaCO,).
'H is the calcium hardness (mg/L as CaCQO,).

In this study, a remarkable percentage of samples
revealed that the values of TDS and EC were higher than
the permissible limit. TH in 34.48% of samples was higher
than the permissible limit. It was emphasized in the for-
mer studies; TH in high levels in water could be deposited
and finally cause the obstruction of pipes and then limit the
use of this type of water in the boilers [27].

In the survey of Na’, CI;, SO  concentrations, it was
observed that 51.72%, 31.3%, and 34.48% of samples had a
concentration higher than the permissible limit. The incre-
ment of CI-, SO} of water can result in an increase in corro-
sion intensity [22,28].

The obtained results revealed that the presence of the
agents producing TH and ALK in the water and the influ-
ence of factors such as CI, SOZ- can be suggested as the main
reason of the tendency of the samples to be corrosive [22].

Overall, assessing the values of the parameters to
describe which study site has water that is corrosive, scaling
or not is difficult. So that for this propose, Langelier, Ryznar,
Puckorius, and Aggression indices were applied, and their
results with respect to studied areas were described in
Figs. 24, respectively.

The corrosion or deposition properties of water could
be evaluated with Langelier index. Langelier index for
89.7% of the areas was in the range of corrosive condition
and 10.3% was in the scaling limitation (Fig. 2). The com-
parison of the mean difference insignificance in a view
of the corrosion, stable and scaling conditions is shown in
Table 3. Chi-square test indicated a significant difference

in the corrosion in comparison with the scaling conditions
(p <0.05). Alternatively, Fig. 2 appropriately confirmed these
results.

The Ryznar index can be used for determining the corro-
sion severity in the water tubes. The main factors for deter-
mination of corrosivity or scaling potential of the water are
the capacity of buffer for groundwater. In the study of Ryznar
index, it was observed that this index was in a corrosive range
(75.9% of the study areas), the corrosive range (17.2% of the
areas), and the neutral and stable ranges for the other areas
(Fig. 3). Chi-square test for this index showed significant
differences among the observed number areas in the highly
corrosive and corrosive and stable conditions (p < 0.05), as
summarized in Table 3.

The Puckorius index can be given the water with scaling
and/or saturated state [29]. In the study of Puckorius index
as seen in Fig. 4, results illustrated that in 96.6% of the sam-
ples, water stability tended to be corrosive, and in other areas
(3.4%) tended to be precipitative. Moreover, it can be seen
from Table 3 that the Chi-square test confirmed the signifi-
cant differences between the number of water samples in the
corrosion and scaling conditions (p < 0.05).

Also, the Aggression index results were similar to the
above results related to the other studied indexes [30]. In this
way, the highest percentage, 72.4% of samples, assigned to
the corrosion conditions and the other samples were in the
scaling range. Fig. 5 exhibits the difference between the num-
ber of areas with water having corrosion and scaling condi-
tions confirmed by the Chi-square test (p < 0.05; Table 3).
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Fig. 3. Variations of the average and confidence interval (p < 0.05) of Ryznar index compared with the stable condition in sampling

locations.

Chloride and sulfate anions could make the corrosivity
properties for waters. These anions were the main reason for
the corrosion of water in the studied area. Larson-Skold was
modified for comprehending the tendency of water toward
corrosivity in cast-iron and steel pipes at pH between 6.6 and
8.8. This index was important due to selection of proper pipe
in distribution network. Most cities in studied area (more
than 90%) showed corrosivity according to the LS index (Fig.
6). In general, the results revealed that the water used for the
drinking purposes in the most studied areas in Kerman prov-
ince was in the range of producing corrosion. The results of
this study were inconsistent with the results of other studies

in Iran. The results of the study on the drinking water of Yasuj
(Iran) showed that the average of Aggression, Puckorius, and
Larson index were 13.58, 8.11, and 29, respectively. These
results indicated mild corrosion of the water [28,31]. On the
other hand, a study of the evaluation of groundwater qual-
ity and assessment of scaling potential and corrosiveness of
water samples in Kadkan aquifer, Khorasan, showed that
the mean values of indexes obtained for LSI, RSI, PSI, and
Al indexes were 0.022 + 0.12, 7.71 + 0.2, 12.04 + 125.0, and
1.7 + 0.445, respectively. According to the results, the ten-
dency to corrosion for these indexes (LSI, RSIL, PSI, and AI)
were 40%, 100%, 93.3%, and 33.3%, respectively [32]. Study
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Fig. 4. Variations of the average and confidence interval (p < 0.05) of the Puckorius index compared with the stable condition in
sampling locations.

Table 3
Comparison of difference among the number of corrosions, stable, and scaling samples

Corrosion and Langelier Ryznar Puckorius Larson-Skold Aggression
scaling index index
Chi-squared 18.241 24.069 25.138 16.9 5.828
p-value 0.05> 0.05> 0.05> 0.05> 0.05>
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Fig. 5. Variations of the average and confidence interval (p < 0.05) of the Aggression index compared with the stable condition in
sampling locations.
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Fig. 6. Variations of the average and confidence interval (p < 0.05) of the Larson-Skold index compared with the stable condition in

sampling locations.

of evaluation of corrosion and scaling tendency indices in
the water distribution system in Torbat Heydariye city (east
of Iran) found that corrosion tendency in the water network
was 40%, 100%, 93.3%, 94%, and 33.3% according to LSI, RSI,
PSI, LS, and Al, respectively [33]. In the same study, evalua-
tion of the potential of scaling and corrosion formation index
showed that Langelier index had the negative value from
-0.39 to 1.5 and the Ryznar index was 8.7 to 9.8, too [34].

4. Conclusion

The present study was carried out to assess the drinking
groundwater resource in province Kerman, Iran, in terms
of water quality by some physical and chemical parame-
ters, and corrosion and scaling potential through Langelier,
Ryznar, Puckorius, and Aggression indexes. It was observed
that the mean values of the parameters in comparison with
standards recommended by national guideline were a dif-
ferent quality from favorable or permissible limits to imper-
missible limits. However, pH levels for all the study areas
were in the favorable limit, and temperature values were
in a desirable limit in an esthetic aspect. In the evaluation
of stability of water, the results of indexes revealed that the
water used for drinking purposes in the most study areas
of Kerman province was in corrosive range. Thus, consid-
ering the economic and health damages resulting by these
two phenomena of scaling and corrosion by water, stabiliz-
ing operations such as adjusting pH by lime and monitoring
processes seem to be essentially required.
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