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Abstract

Background: Scaling and corrosion are the two most important indexes in water quality evaluation.
Pollutants are released in water due to corrosion of pipelines. The aim of this study is to assess the scale
formation and corrosion of drinking water supplies in Ilam city (Iran).

Methods: This research is a descriptive and cross-sectional study which is based on the 20 drinking water
sources in Ilam city. Experiments were carried out in accordance with the Water and Wastewater Co.
standard methods for water and wastewater experiment. The data were analyzed by using Microsoft Excel
and GraphPad Prism 5. The results were compared with national and international standards.

Results: The mean and standard deviation (SD) values of Ryznar, Langelier, Aggressive, Puckorius and
Larson-Skold indices in year 2009 were equal to 7.833 (+0.28), -0.102 (+0.35), 11.88 (+0.34), 7.481 (+0.22)
and 0.801 (+0.44), respectively, and were 7.861 (+£0.28), -0.175 (£0.34), 11.84 (£0.37), 7.298(+0.32) and
0.633 (+0.47), for year 2013 respectively. The average of Langelier, Ryznar, Aggression, and Puckorius
indices indicate that potable water resources in Ilam city have the tendency to be corrosive. Statistical
analysis and figures carried out by GraphPad Prism version 5.04.

Conclusion: The results of different indices for water resources of Ilam city revealed that water supplies
of Ilam city were corrosive. Water quality control and replacement of distribution pipes in development of
water network should be carried out. Moreover, water pipelines should be preserved with several modes
of corrosion inhibition.
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Introduction

Corrosion is the physical-chemical interaction between
the metal and its surroundings which is usually electro-
chemical in nature and can lead to a change in the metal
properties (1,2). The corrosion tends to release the metal
pipe particles into the fluids. If the corrosion occurs quick-
ly, it forms a hole and then perforation of pipes which is
considered as a path for water contamination in a state of
negative suction; but if the water has a tendency to scal-
ing, the diameter of pipe will reduce over the time due to
the formation of sediments layers in the inner part of the
pipes which ultimately results to the reduction of flow rate
(2-4). Unfortunately, there are no precise figures of cor-
rosion and scaling damages in the Iran; nevertheless, the
surveys indicate that 30% of treated water losses is related
to decays of pipelines caused by the corrosion which also
reduce the shelf life of sanitary equipment (4,5). So far,
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the corrosion potential of drinking water and its measure-
ment have not been properly evaluated in drinking water
distribution networks in cities of Iran. There is little infor-
mation in this specific context and this issue is neglected
even in the approved standards. In addition to financial
losses, the release of by-products resulting from the cor-
rosion can easily diminish the willingness of consumers
to use water. Moreover, the possibility of releasing heavy
metal such as lead, copper, chromium and cadmium can
endanger the human health (5-7). Scale formation plays
an important role in the formation of gastrointestinal tract
(GIT) diseases. The studies show that the by-products of
corrosion resulting from inner surface of pipes, can ac-
cumulate or deposit in the distribution networks, thereby
protecting microorganisms from the effects of disinfec-
tants. These microorganisms can replicate and partici-
pate in creating various problems such as undesirable

© 2016 The Author(s). Published by Kerman University of Medical Sciences. This is an open-access article distributed under
the terms of the Creative Commons Attribution License (http:/creativecommons.org/licenses/by/4.0), which permits unrestricted use,
distribution, and reproduction in any medium, provided the original work is properly cited.


http://ehemj.com
http://crossmark.crossref.org/dialog/?doi=10.15171/EHEM.2016.04&domain=pdf&date_stamp=2015-05-18
http://dx.doi.org/10.15171/EHEM.2016.04

Yousefi et al

taste and odor, biological mass and increasing of corro-
sion (8-10). There is increase in secondary pollutants in
corrosive water, such as increase in the concentration of
iron, zinc, copper and manganese which is higher than
the given standards in drinking water which lead to taste,
odor, color and stains on sanitary services (11). Recently,
the parameters including alkalinity, calcium hardness,
conductivity, temperature and pH were analyzed to deter-
mine the corrosion or scaling of drinking water and the
corrosion or scaling potential as estimated by Langelier
and Ryznar indexes; if the corrosive or scaling of water
were observed, then the necessary measures should be
taken to remove the problem and to achieve the favorable
state (3,11). The Langelier saturation index (LSI) is prob-
ably the most widely used indicator of scale potential in
water supply and drinking water networks. The driving
force for scaling potential is in terms of pH, which is a
master variable in LSL

Savari et al compared the methods of corrosion or scaling
levels for drinking water distribution network of Ahvaz
city. The results of their study revealed that the values of
Langelier and Ryznar indexes were -0.56 and 8.34, respec-
tively which show the corrosion state in drinking water of
Ahvaz (6). Avazpour et al investigated the corrosive and
scaling potentials of drinking water resource in Ilam city
and found that the water of that region has corrosive po-
tentials (12). The potential of scaling and corrosion level
were also investigated for drinking water in the rural re-
gions of Khash county by Hosseini et al. They observed
that the Langelier index (LI) was -0.805 which shows that
the drinking water of these regions has corrosive proper-
ties (13).

The aim of this study was to determine the corrosion and
scaling potential in drinking water of Ilam. Furthermore,
appropriate solutions are represented to eliminate this
problem based on the present situations.

Table 1. Indexes criteria with the interpretation of the water status

Methods

Samples were taken at the standard one-liter (1L) plastic
containers and were transferred to a reference laboratory
of Water and Wastewater Company. The containers were
carefully rinsed before sampling. The storage, transporta-
tion and testing of samples were carried out according to
standard methods. For each parameters, the qualitative
parameters including temperature (by digital thermome-
ter), pH (pH meter, equatic) at the sampling site and other
parameters including total dissolved solids (TDS), calcium
hardness, alkalinity, chloride, and sulfate in the laboratory
were measured according to the instructions contained in
the standard method. All experiments were conducted 3
times. In this research, five main indexes including LSI,
Ryznar stability index (RSI), Larson-Skold (LS), Pucko-
rius Scaling Index (PSI) and Aggressive Index (AI) were
applied to evaluate the corrosion and scaling potential of
drinking water system in Ilam city, western Iran. Initially,
the pH’s (pH at saturated state of calcium carbonate) was
calculated by equation 1 using the available parameters in-
cluding pH, temperature, TDS, calcium hardness and al-
kalinity. Statistical analysis and figures were carried out by
GraphPad Prism version 5.04. The indices were calculated
based on the following formulas (14-20):

1. LSI was calculated using equation 1 (18,19).
LSI=pH-pHs (1)
pHs=(9.3+A+B)- (C+D) (2)
A= (Log,, (TDS)-1).10 TDS, mg.l
B=-13.12xLog,, (°C+273) +34.55 Temperature (°C)
C=Log,, (Ca,+CaCO,)-0.4 Calcium hardness (mg.l
CaCo,),

D= Log , (Alkalinity as CaCO,)  Alkalinity, mg.l CaCO,
2. RSI was calculated using equation 3.

RI=2pHs-pH (3)
Interpretation of the results obtained from Langelier and
Ryznar indexes is presented in Table 1.

Type of Index Index Criteria

Interpretation

LI > 0 The water is supersaturated and has tendency to

The water is supersaturated and has a tendency to scaling.

scaling
Langlier LI= 0 The water is saturated and has not tendency to scaling The water is saturated and has no tendency to scaling.
LI<0 Water is not saturated and has tendency to corrosion Water is not saturated and has a tendency to corrosion
RSI < 5.5 water is scaling rigorously Water is scaling rigorously
5.5 <RSI < 6.2 water is scaling Water is scaling
Ryznar 6.2 <RSI < 6.8 water is neutral — balanced (has not corrosive Water is neutral — balanced (has no corrosive or scaling) properties)

or scaling properties)
6.8 <RSI < 8.5 Water is corrosive
RSI > 8.5 water is corrosive rigorously

Water is corrosive
Water is rigorously corrosive

LS < 0.8 Water has tendency to scaling
Larson-Skold
LS > 1.2 water is the high rates localized corrosive

0.8 < LS < 1.2 corrosion rates may be higher than expected

Water has a tendency to scaling.
Corrosion rates may be higher than expected
Water shows a high rate of localized corrosives.

PSI < 6.1 scaling is unlikely to occur (water has tendency to

Scaling is unlikely to occur (water has tendency to scaling)

Puckorius scaling)
PSI > 7 likely to dissolve scale (water is corrosive) likely to dissolve scale (water is corrosive)
Al > 12 Water has scaling property (non-aggressive) Water has scaling property (non aggressive)

. 10 < Al < 12 water is approximately corrosive (moderatel . . . .

Aggressive ) PP v ( v Water is approximately corrosive (moderately aggressive)
aggressive)
Al<10 water is severely corrosive (very aggressive) Water is severely corrosive (very aggressive)
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Where pH is the actual pH; pH’s is the pH of water at satu-
rated state of calcium carbonate; LI and RI are Langelier
and Ryznar indexes, respectively.

3. LS index was calculated using equation 4.

LS=(C (CI") +C ($O,*)).(C (HCO*)+C(CO,»)) 4)
Where C (CI) is the chloride concentration; C (SO,*) is
the sulfate concentration (mg.l); C (HCO3') is the con-
centration of bicarbonate and C (CO,*) is the carbonate
concentrations (mg.l CaCO,). When LS is lower than 0.8,
chloride and sulfate are unlikely to interfere with the for-
mation of protecting film or water has tendency to scaling.
When the water and LS values are higher than 1.2, a high
rates of localized corrosion may be expected. If LS values
fall between 0.8 and 1.2, corrosion rates may be higher
than expected.

4. PSI was calculated by equations of 5 and 6.
PI=2pHs-pHeq (5)
pH (aq>:1.465 log (T-ALK) +4.54 (6)
Where Heq, T-ALK and PI are the pH of water at equilib-
rium, total alkalinity (mg.l CaCO,) and PSI, respectively.
If this index for water is higher than 7 (PI>7), water is cor-
rosive. The scaling properties can be seen at PI<6 (18, 20).
PSI is only index that uses the driving force for calcium
carbonate scale formation (19).

5. Al was applied in equation 7 to evaluate the corrosive
potentials.

Al=pH+Log (T-Alk. x H) (7)
In the above equation, T-Alk is the total alkalinity (mg.1
CaCO0,) and H is the calcium hardness (mg.I CaCO,).Val-
ues less than 10 and between 10-12 of Al indicate that the
water is severely corrosive and approximately corrosive
respectively. However, the values higher than 12 show the
scaling properties of water (8,12). Al is a suitable index for
Asbestosis-cement pipelines (19). Index criteria with their
interpretation of the water status are shown in Table 1.

Results

The values of various indexes of corrosion and scaling
level of drinking waters in Ilam city are represented in
Figures 1 to 5 between the year 2009 and 2013.

As shown in Figure 1, the lowest and highest value of LI
(2009) were observed at well No. 2 (-0.8) and well No. 12
(0.335), respectively which shows relatively high corrosive
properties at well No. 2.

In Figure 1, the maximum value for the LI (2013) was de-
termined to be 0.4 for the well No.1 and minimum value
was related to well No. 13 and was equal to -0.65.

Figure 2 shows the values of the Ryznar index (2009 &
2013) in drinking water sources in Ilam. The results re-
vealed that the maximum and minimum values of Al were
equal to 8.42 in well No. 2 and 7.3 for well No. 12, respec-
tively in 2009. Also these items were 8.3 in well No. 17 and
7.3 in Well No. 1, respectively in 2013.

Figure 3 shows the values of the AI (2009), in drinking
water sources in Ilam. The calculated results showed that
the maximum and minimum values of Al were equal to
12.27 in well No. 11 and 11.26 for well No. 2, respectively
in 2009. Moreover, these items were 12.4 in well No. 19

&R Langelier Index 2013
E33 Langelier Index 2009

Ryznar index

Wells Code No.

Figure 1. The value of the LI of drinking water sources of llam in
year 2009.
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Figure 2. The value of the Ryznar index of drinking water sources
of llam in year 2009.
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Figure 3. The value of the Al of drinking water sources of llam in
year 2009.
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Figure 4. The value of the PSI of drinking water sources of llam
in year 2009.
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and 11.30 in Well No. 13, respectively in 2013.

Result of PSI of the data in Figure 4 shows that the high-
est level PSI of Well No. 18 was obtained as 7.79 and the
lowest for wells No. 14 was 7.03 in 2009. Moreover, the
same items were 7.8 in well No. 10 and 6.7 in Well No. 13,
respectively in 2013.

Figure 5 based on the values of the LS index shows the
drinking water sources in Ilam in 2009 and 2013. As
shown in the figure, the highest level LS index of well No.
17 was obtained as 1.36 and the lowest for well No. 5 was
0.14 in 2009. Moreover, the same items were 1.38 in well
No. 19 and 0.138 in well No. 12, respectively in 2013.
Descriptive statistical analysis for all indexes applied in
this study is displayed in Table 2. As shown in Table 2,
most indexes show that the water of Ilam has the tendency
to corrosion.

The mean and standard deviation(SD) values of Ryznar,
Langelier, Aggressive, Puckorius and Larson-Skold indices
in year 2009 were equal to 7.833 (£0.28), -0.102 (+0.35),
11.88 (+0.34), 7.481(+0.22) and 0.801 (+0.44), respective-
ly. By survey of corrosion indices, it was found that Ilam
drinking water resource in year 2009 was corrosive.

The mean and SD values of Ryznar, Langelier, Aggres-
sive, Puckorius and Larson-Skold indices in year 2013
were equal to 7.861 (+0.28), -0.175 (+0.34), 11.84 (£0.37),
7.298(+0.32) and 0.633 (+0.47), respectively. By survey of
corrosion indices, it was found that Ilam drinking water
resource in year 2013 was corrosive (the same as 2009).

Discussion

Corrosion and scaling should be carefully considered in
the monitoring of water distribution systems, because the
neglect of attention to the chemical quality of water and
the emergence of any of the above phenomena can cause
damage to the health and economy. The water of 13 from
20 studied wells are corrosive according to the obtained
values of LI. Moreover, the values of Ryznar index indi-
cate that there is no well with scaling water properties. In a
study carried out by Aiman et al (14) to evaluate the water

1.6 &% Larson-Skold, 2013
E= Larson-Skold, 2009

Larson-Skold Index

=
Q

Wells Code No.

Figure 5. The value of the LSI of drinking water sources of llam
in year 2009.

quality and the corrosion and scaling potential of Tafila
in southern Jordan using LSI and RSI indexes, the results
indicated that LSI values were negative and in the range
of -0.39 to -1.5 and RSI values were about 7.8 to 9.8 and it
indicates that the water is corrosive. Heating and evapo-
ration of water along with the release of CO, have been
attributed as reasons for this event (14). The chemical
water quality monitoring its balance control can lead to
an increase in the useful life of water supply facilities and
the reduction of possible leakage and water losses. These
requirements are very essential in countries such as Iran.
Savari et al also carried out a study to compare the meth-
ods of corrosion or scaling levels for drinking water dis-
tribution network of Ahvaz city. The results of their study
reveals that the values of Langelier and Ryznar indexes
were -0.56 and 8.34, respectively, which demonstrates that
the drinking water of Ahvaz city is in a corrosive state (6).
In recent works, most water resources in Ilam city have
corrosive properties based on LI; with respect to values
of Ryznar index, the scaling can be observed in networks
using the water from wells. Although scaling or corrosion
potential in the country’s water balance are not considered
in water quality monitoring systems, nevertheless, some
studies reveal that the water resources in some of the prov-
inces of Iran has no suitable chemical balance and the cor-
rosion and scaling phenomena can be observed which is

Table 2. Descriptive statistical analysis for all indexes applied in this study

RI, 2013 RI, 2009 LI, 2013 LI, 2009 Al, 2013 Al, 2009 PSI, 2013 PSI, 2009 LSI, 2013 LSI, 2009

Number of values 20 20 20 20 20 20 20 20 20 20
Minimum 7.300 7.300 -0.650 -0.800 11.30 11.26 6.700 7.030 0.138 0.140
25% Percentile 7.608 7.663 -0.487 -0.387 11.45 11.58 7.100 7.300 0.285 0.400
Median 7.920 7.785 -0.200 -0.005 11.79 11.99 7.200 7.550 0.465 0.800
75% Percentile 8.100 8.038 0.1600 0.200 12.19 12.20 7.693 7.700 1.215 1.275
Maximum 8.300 8.420 0.4000 0.335 12.40 12.27 7.800 7.790 1.380 1.360
10% Percentile 7.500 7.428 -0.627 -0.700 11.33 11.31 6.828 7.200 0.180 0.220
90% Percentile 8.243 8.330 0.300 0.268 12.38 12.25 7.729 7.700 1.359 1.339
Mean 7.861 7.833 -0.175 -0.102 11.84 11.88 7.298 7.481 0.633 0.801
Std. Deviation 0.282 0.286 0.341 0.349 0.373 0.345 0.322 0.222 0.468 0.444
Std. Error 0.063 0.064 0.076 0.0782 0.083 0.077 0.072 0.0496 0.1047 0.099
Lower 95% ClI of mean 7.728 7.699 -0.335 -0.265 11.66 11.72 7.147 7.377 0.4142 0.593
Upper 95% ClI of mean 7.993 7.967 -0.0157 0.0618 12.01 12.04 7.449 7.585 0.853 1.009
Coefficient of variation 3.60% 3.65%  194.51% 343.61% 3.15% 2.91% 4.42% 2.97% 73.96% 55.48%
Geometric mean 7.856 7.828 11.83 11.88 7.291 7.478 0.481 0.659
Lower 95% Cl of geo. mean 7.724 7.696 11.66 11.72 7.142 7.374 0.335 0.476
Upper 95% Cl of geo. mean 7.990 7.963 12.01 12.04 7.443 7.583 0.691 0.913
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relatively consistent with the results of this study (15,16).
Dehghani et al (17) also carried out a study in Fars prov-
ince and they observed that the values of Langelier and
Ryznar indexes of drinking water of Shiraz city were 0.42
and 6.7, respectively. They also reported that 95% of the
tested samples had scaling properties based on LI. Fur-
thermore, they implied that 82% and 12% of samples were
in balanced and corrosive situation (17). Mokhtari et al
(11) also investigated the scaling potentials and corrosion
of drinking water networks system of Ardabil and they
observed the corrosive tendency in the water of this city.
They suggested that the monitoring of related parameters
should be carried out and the corrosion-resistant pipes
and material be utilized in the drinking water networks
(11). The Al is a scale of water tendency to destroy the
water transmission pipes which is made of asbestos ce-
ment. This index can be utilized for water pipes made of
asbestos cement at temperatures between 4°C and 27°C
(40 to 80°F). The values less than 10 is related to severe-
ly corrosive properties of water and the values between
10-12 indicate that the water is approximately corrosive,
nevertheless, the values higher than 12 show the scaling
properties of water. The results of this study show the high
corrosion of the drinking water of Ilam based on the Al
Generally, the methods utilized to calculate the level of
corrosion and scaling of water were not considered as two
important parameters. These two parameters are the wa-
ter buffering capacity (buffer capacity) and the maximum
deposition of natural water in equilibrium (maximum
amount of deposit). In PSI, the possibility of investigating
the relationship between supersaturated situation of water
and scaling with respect to these two parameters is pro-
vided. In this index, the pH,__ was applied instead of pH |
that represents the equilibrium activity of hydrogen ions.
If the value is less than 6.1, the water tends to scaling and
if it was more than or equal to 6.1, the water does not tend
to scaling. The water resources in Ilam city have higher
values than the determined amount. A study was carried
out on drinking water in Bandar Abbas by Qezavati et al
and it revealed that the average of this index during the
sampling period was measured as 9.04 which is in line
with our study (9). The results of the study of Aghapour
and Boini shows that the output water of the water treat-
ment plant No. 1 of Urmia is corrosive according to Ry-
znar and Puckorius scaling indexes but the LI was not
significant due to the water velocity and the pH>8 (18).
LSI was provided to determine the corrosive properties of
water on steel pipes, steel tubes with light carbon structure
(low-carbon steel) and cast iron pipes. All of the exam-
ined samples of waters have values less than this amount.
Ahmadpour et al (15) evaluated the corrosion and scaling
indexes of the Manujan city and observed that the water
has scaling potential based on LI but it was corrosive ac-
cording to RSI and PSI. Moreover, there was no corrosive
potential based on AI (15).

Conclusion
According to mean values of LSI, RSI, PSI and Al indexes

in both sampling times (2009 and 2013), water obtained
from Ilam water resources has the tendency to be corro-
sive. Due to the relative corrosion in the drinking water
network systems, it is suggested that methods such as;
cathodic protection, color coatings and polished, cement
coating, the use of sodium silicate in concentrations of 16-
12 mg 1, the use of salt, phosphates and chromates covers,
the metal oxide coating on the metal, galvanized coating,
coated with molten zinc, tin coatings (in highly corrosive
environments such as acids and salts, has great stability),
coatings cadmium and stainless steel be utilized to protect
and control the network.

Other suggestions for prevention of scaling and corrosion
are as follows:

- There is need to have pH adjustment of water and pro-
viding the proper pH.

- Prevention of petrol, petroleum and sulfur compounds
discharged around the surroundings and path of water
transmission and distribution need to be controlled.

- Prevention of construction waste discharge containing
lime around wells and other path of water transmission
and distribution have to be anticipated.

- Isolation of the pipelines in direction with the high
groundwater level and use of sand in the piping for the
passage of water is preferred.

- The use of polyethylene pipes is recommended where
the network development is considered.
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