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Abstract

Background and purpose: One of the major factors in the quality of drinking water is corrosion
and scaling. The aim of the present study was to evaluate corrosion and scaling potential of
drinking water supply network in Juybar (A city in Iran).

Materials and Methods: 60 samples of drinking water in distribution network were collected
randomly in summer and autumn seasons and transferred into laboratory. Some parameters
including temperature, TDS, pH, total alkalinity and hardness and calcium hardness were
measured based on the standard methods. The corrosion and scaling potential of water have been
evaluated by Langelier, Ryznar, Puckorius and aggressive indices. The collected data were
analyzed using descriptive statistics.

Results: The mean values of pH, TDS, total alkalinity and calcium hardness in summer were 7.6,
637.5, 300, and 120 mg/l, respectively; and in autumn were 7.5, 646.5, 301, and 118 mg/I,
respectively. The Langelier index in summer and autumn were 0.57 and 0.5, respectively, which
showed that water had a potential for scaling. The Ryznar index in summer and autumn were
6.42 and 6.53, respectively indicating that water samples had neither scaling, nor corrosive
potential. The Puckorius index in water samples was also determined to be 5.83 and 5.92 in
summer and autumn, respectively, which showed that the samples were depositing water. Based
on the aggressive index, the water samples in summer and autumn were 12.65 and 12.59,
respectively, showing that water was mild scaling.

Conclusion: This study showed that the drinking water of Juybar city has tendency to scaling.
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Corrosion and scaling potential of drinking water

1. Introduction

Corrosion is physical and chemical reactions
between metal and its surroundings that has
usually the electrochemical nature and its
consequence is the change in the properties of
the metal (1, 2). Corrosion causes the metal
compounds detachment of the pipes and entry
into the water (3). If corrosion occurs quickly,
creating holes in pipes causes pollutants enter
into water distribution systems (4). Also, if
water tends to be deposited, the sediments are
gradually deposited, which reduces the
diameter of pipe and ends in clogging the pipe
(5). In Iranian context, not exact information
exists regarding the damage caused by
corrosion and scaling. But the studies show
that annual water losses due to corrosion is
more than 30% of the water consumption (6,
7). In addition, the costs of replacement and
repair of the water installations and other
financial losses caused by the depreciation of
the facility, and corrosive compounds from
water often alters the taste and odor of water
(8, 9). On the other hand, the existence of
toxic compounds, such as lead, cadmium,
chromium, nickel, zinc, and copper due to
corrosion, could cause serious diseases in
consumers (10, 11). Studies show that
particles are separated from pipe surface
protecting pathogenic microorganisms against
disinfectants (12,13). In addition, the growth
of microorganisms cause difficulties, such as
taste and odor in water, biofilm accumulation
and increased corrosion (14,15). If the
amounts of compounds such as copper, zinc,
iron and manganese are more than the
maximum contaminant level in water, it could
cause problems such as change in taste, odor,
color, and spots on the household appliances
(11, 16, 17). At the same time, the occurrence
of corrosion is influenced by several
chemical, physical, and biological factors.
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The physical factors affecting the corrosion
include water velocity, existence of air
bubbles, and sand in the water (1, 18, 19).
Chemical agents include low pH, high carbon
dioxide, lack of hardness and alkalinity,
temperature, total dissolved solids, the
concentration of dissolved oxygen, residual
chlorine, chloride, sulfate, and other
compounds (10, 19). The existence of ions
such as SiO® CrO2, and OH™ in water
distribution systems decrease the corrosion of
water, as well (17, 20). In the chemical
engineering, due to the nature of corrosive
process, materials are examined in two
important  branches, including corrosion
caused by erosion and electrochemical
corrosion (13, 21). The first type of corrosion,
the material degradation is performed by
physical factors, and solids are suspended in
pipe water and wastewater. The second type
includes the creation of electric cell and
performing electrochemical reactions between
water and wastewater, and compounds in
water and wastewater. This phenomenon
occurs due to the nature of the process in the
metallic materials such as steel pipe used in
water transmission and distribution systems
(7,20,22). The main compounds due to
scaling in water include calcium and
magnesium carbonate, calcium sulfate, and
magnesium chloride (23). One of the simple
and indirect methods for measuring corrosion
and scaling in drinking water is the use of
corrosion indices. The evaluation of indices
values, based on their ability to determine
under-saturated (sub-saturated) conditions,
saturated or supersaturated of water in the
basis of calcium carbonate. These indices
include Langelier Saturation Index (LSI),
Riznar Stabilization Index (RSI), Puckorius
Scaling Index (PSI), and Aggressive Index
(Al) (18, 23). In a study, evaluated the quality
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of drinking water in the city of Yasouj based
on scaling and corrosion indices, and found
that water situation in the city has tendency to
corrosion (24). In another study, the potential
of corrosion and scaling in Bandar Abbas
water distribution systems was examined. It
was revealed that the drinking water based on
the Langelier and Ryznar indices were
corrosive (19). In a study, scaling and
corrosion potential of drinking water in rural
areas of the city of Tabas was evaluated based
on the scaling and corrosion indices. In this
study, 29.3%, 90.32%, 96.78%, 96.77% and
12.1% of water samples, tended to have
corrosion based on the Langelier, Ryznar,
Puckurius, Larson and Aggressive indices,
respectively (20). In a study on drinking water
quality in Tafila in southern Jordan, the
potential of scaling and corrosion formation
based on the Langelier, Ryznar indices and
deposition of calcium carbonate were
evaluated. In their study, Langelier indices
and calcium carbonate precipitation were
from —0.39 to -1.5 and from -1.7 to -16.76,
respectively, and the Ryznar indices were
from 8.7 t0 9.8 (23).

Considering the importance of corrosion and
scaling evaluation of the drinking water in
different regions of Juybar and lack of
information in this regard, the aim of the
present study was to evaluate the corrosion
and scaling of water in Juybar water
distribution systems.

2. Materials and Methods

As a cross-sectional study, the current
research evaluated the corrosion and scaling
potential of drinking water in Jouybar city
with Langelier, Ryznar, Puckorius and
aggressive indices. 60 samples of drinking
water in distribution network were collected
in summer and autumn seasons, and then
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transferred into laboratory. In order to
determine the corrosion and scaling potential
of the water samples, some parameters
including pH, TDS, calcium hardness, and
total alkalinity were measured based on the
standard methods (25). The corrosion and
scaling potential of water have been evaluated
by Langelier (LSI), Ryznar (RSI), Puckorius,
and Aggressive Indices (Al). The calculation
of the mentioned indices was performed
based on the following equations:

LSI index =>LSI = pH — pHs Equation (1)
pHs =[(9.3+ A+ B) — (C + D)] Equation (2)
That:
pHs = The saturated pH of the water sample
A= Total dissolved solids (mg/l)

B= The water temperature ('C)

C= Calcium hardness of water sample (mg/I
as CaCO3)

D= Total alkalinity of water sample (mg/l as
CaCO03)

Tablel. Interpretation of the Langelier Saturation

index (26)
Langelier Tendency of water
saturation index
LSI< -2 Intolerable corrosion
-2<LSI<-05 Serious corrosion
-05<LSI<0 Slightly corrosive but non-scale
forming
LSI=0 Balanced but pitting
0<LSI<05 Slightly scale forming and
corrosive
0.5<LSI<2 Scale forming but non corrosive

RSI index = > RSl = 2(pHs) — pH Equation (3)

Table 2. Interpretation of Ryznar Stability Index (26)

Ryznar Stability Index  Tendency of water

RSI 4.0-5.0 Heavy scale

RSI 5.0-6.0 Light scale

RSI 6.0-7.0 Little scale or corrosion
RSI 7.0-7.5 Corrosion significant
RSI 7.5-9.0 Heavy corrosion
RSI >9.0 Intolerable corrosion
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city, water quality parameters including

PSI index = > pl=2pHs-pHeq Equation (4) temperature, total alkalinity and hardness, pH
pH equivalent=1.465 log (T.Alk)+4.54 and Total Dissolved Solids (TDS) were
T. Alk = total alkalinity measured (table 5). The range values of TDS,
pH, total alkalinity and calcium hardness of

Table 3. Interpretation of Puckorius Scaling Index (26) the drinking water samples in summer were
Index value Description Mode 549- 706 mg/l, 7.50- 7.80, 247- 326 mg/l, and

112- 141 mg/l as CaCOg, respectively; and in

PSI >6 Corrosive water
oS <8 Scaling water autumn were 600- 705 mg/l, 7.20- 7.70, 262-
325 mg/l, and 102- 129 mg/l as CaCO3,
respectively. On the basis of table 5, mean
Aggressive index = > Al=pH + log values of TDS and calcium hardness of the
[(Alkalinity) * (Hardness)]  Equation (5) water samples in summer and autumn have

statistically significant difference (P value <
Table 4. Interpretation of Aggressiveness Index (26)

0.05). However, the mean values of the total

gz vele Interpretation alkalinity and pH did not make any
Al<10 Highly corrosive difference, as indicated by statistical tests.

10< Al<12 Corrosive (mild)

Al>12 Non-corrosive

3. Results

To determine the corrosion or scaling
potential of the water supply system of Joybar

Table 5. Parameters measured in drinking water distribution systems

Parameter TDS pH Alkalinity Calcium hardness
(mg/l) (mg/l Ca CO3) (mg/l Ca CO3)
Statistical Summer Autumn Summer Autumn Summer Autumn  Summer Autumn
indices
(n=30)
Maximum 706 705 7.80 7.70 326 325 141 129
Minimum 549 600 7.50 7.20 274 262 112 102
Mean 634.55 666.62 7.56 7.56 300.10 301.10 125.28 117
SD 78.5 52.20 0.42 0.25 26 315 145 135
Range 549- 706 600- 705 7.50-7.80 7.20-7.70 247- 326 262- 325 112- 141 102- 129
P value P value < 0.05 P value > 0.05 P value > 0.05 P value < 0.05
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In table 6, the corrosion indices values were
presented based on Langellier Saturation
Index (LSI), Ryznar Stability Index (RSI),
Pockorius  Scaling Index (PSI), and
Aggressive Index (Al), respectively. The
calculated results for LSI, RSI, PSI, and Al
values range in water samples were 0.25-
0.73, 6.00- 6.60, 5.60- 6.20, and 12.30- 12.80,
respectively. The mean LSI values in the
different sampling points differed, and the
differences were significant (P value < 0.05).
The mean values of other corrosion and
scaling indices in the studied sampling
locations were also not different.
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4. Discussion

Based on the results of this study, maximum,
minimum and mean values of pH, TDS,
calcium hardness, and total alkalinity of
drinking water in summer were 7.8, 7.5, and
7.6; 706, 552, and 637.5 mg/l; 141, 112 and
120 mg/l as CaCO3; 326, 247, and 300 mg/I
as CaCQOg3, respectively; and in autumn were
7.7, 7.2, and 7.5; 705, 600, and 646.5 mg/l;
129, 102 and 118 mg/l as CaCO3; 325, 262,
and 301 mg/l; and 420, 373 Ca CO3,
respectively.

Table 6. The comparison of LSI. RSI, PSI and Al values in water distribution systems

Sampling points Langelier Ryznar Puckorius Scaling Index  Aggressive Index
Saturation Stability Index
Index
1 0.68 6.30 5.80 12.70
2 0.64 6.30 5.70 12.60
3 0.70 6.30 6.10 12.70
4 0.73 6.30 6.20 12.70
5 0.68 6.20 5.70 12.80
6 0.60 6.30 5.60 12.50
7 0.64 6.30 5.70 12.70
8 0.63 6.30 6.20 12.60
9 0.55 6.40 6.20 12.70
10 0.63 6.00 5.60 12.50
11 0.45 6.40 5.80 12.30
12 0.25 6.60 5.90 12.50
13 0.45 6.30 5.80 12.40
14 0.52 6.10 5.90 12.30
15 0.61 6.00 5.70 12.50
Mean 0.60 6.30 5.90 12.60
P value P value < 0.05 P value > 0.05 P value > 0.05 P value > 0.05

Although the wvalues of the mentioned
parameters in summer and autumn were
different, these values were no significant
based on statistical content. Based on the
results of the present study, all measured

chemical and physical parameters of water of
JWDDS met the standard. The results also
showed that the mean of water hardness in
Juybar is 396+ 25 mg/l as Ca CO3 in a very
hard condition, so this water is generally not
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corrosive as a result of sufficient alkalinity
level (300.5+ 35.5 mg/l as Ca CO3) and as
well as suitable level of pH (7.5+ 0.1).
Corrosion and scaling indices in drinking
water distribution system of Juybar, based on
the Langelier index in summer and autumn
were found to be 0.57 and 0.5, respectively,
that shows the water samples has the potential
to be deposited. Also, based on the findings,
Ryznar index in summer and autumn was
6.42 and 6.53, respectively, indicating that the
water has neither corrosive nor depositing
properties. Also, the mean of Puckorius index
was 5.83, and Scaling of water was 5.92.
According to the aggressive index, the mean
value of this index in the summer and in the
autumn was 12.59 and 12.65, indicating that
the water was mild scaling.

Amouei et al., studied the quality of drinking
water in Nour city on the basis of Langellier,
Ryznar, Pockurious, and Aggressive indices.
They found that 84.2%, 87.9%, 100% and
84.9% of water samples were corrosive based
on LSI, RSI, PSI and Al indices, respectively
(26). Zazouli et al. determined the quality of
drinking water resources in Yasuj by
Langelier, Ryznar, Puckorius, Larson, and
Aggressive indices, and it was found that
more water samples tend to be corrosive (24).
In a study conducted by Alipour et al. in the
area of corrosion and scaling potential of the
water distribution systems in Bandar Abbas,
93.4% and 80% of water samples tended to
show corrosion based on Langellier and
Ryznar indices, respectively (19). According
to the study of Mahvi on the water reservoirs
in Bandar Abbas city, it was found that 50%
and 100% of the water samples were
corrosive based on Langelier and Ryznar
indices (22). Hence, the results of the current
study were found to be in line with the studies
conducted in the past suggesting that the
quality of drinking water in most cities tend to
be corrosive. With the increase in human
activities in water resources and the gradual
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rise of salts concentrations, the corrosion
contents will increase in water resources.
Shankar studied the quality of groundwater in
Puram Bangalore area of India based on
Langelier and Ryznar indices. In the
mentioned study, according to the Langelier
indices, 27.67% and 13.33% of samples had
scaling and little scaling, respectively, and
6.67%, 13.33% and 40% of them had little,
high and intolerable (severe) corrosion, while
based on Ryznar indices, 13.33 of the samples
were corrosive or slightly scaling, 13.33%
and 6.67 samples were suffering from
significant and high corrosion, respectively,
and 6.67% of them had intolerable (severe)
corrosion (27). A study in the field of
potential formation corrosion and scaling of
drinking water in South Jordan showed that
based on LSI and RSI values, water samples
were slightly corrosive, while based on CCPP
values, the samples showed no tendency to
increased corrosion (23). The difference
between the results of this study with some
aforementioned studies could be due to the
relationship between the chemical
composition of soil and water such as TDS,
Hardness, Alkalinity, and pH of water
resources,  rainfall, and  temperature
differences in all seasons.

Eighty water samples in water distribution

systems of Juybar, the center of Mazandaran
Province, Northern Iran were investigated
toward the potential of scale formation and
corrosion. Some important parameters in
drinking water such as temperature, TDS, pH,
calcium hardness, and total alkalinity based
on standard methods were measured. The
total mentioned parameters values were
acceptable according to WHO and national
standards. In the present study, the drinking
water quality according to the corrosion and
scaling potential was evaluated. Overall, the
Langelier Saturation Index (LSI), Ryznar
Stability Index (RSI), Pockorius Scaling
Index (PSI), and Aggressive Index (Al)
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values confirmed that the drinking water in
Juybar tended to scale formation. The most
important problems associated with the
deposition of water in the distribution system
included decrease of water velocity and
clogging of pipes, re-growth of micro-
organisms and water contamination, and
creation of anaerobic conditions. Periodic
cleaning, replace the old with the new pipes,
lining of water pipes can lead to better
hydraulic properties. At the same time,
adjusting pH and alkalinity of the drinking
water in the distribution networks was found
to be more useful so as to maintain the quality
of water and protect the water supply
installations.

Acknowledgments
The authors gratefully acknowledge Water

and Wastewater Chemistry  Laboratory
personnel of Babol University of Medical
Sciences for their assistance.

Conflict of Interest
The authors declare that they have no conflict
of interests.

References

1. Edwards M. Controlling corrosion in drinking
water distribution systems: a grand challenge
for the 21st century. Water science and
technology. 2004; 49(2):1-8. PMID: 14982157

2. AWWA. Water quality and treatment: A
handbook of community water supplies.
Technical edited by Pontius F.W. 4th ed.
Washington D.C. McGraw-Hill, Inc, 1990;
613- 781.

3. Lowental RE, Morison I, Wentzel MC. Control
of corrosion and aggression in drinking water
systems. Water Science and Technology,
IWWA publishing. 2004; 49(2): 9-18. DOI:
10.1002/maco0.200905241

4. Kirmeyer, Gregory, Logsdon, Gray S.
Principles of internal corrosion and corrosion
monitoring. Journal AWWA.1983;75:78-83.

5. Viessman WJr, Hammer MJ. Water Supply
and Pollution Control, 8th ed. New York:
Prentice Hall Press; 2008; 75- 6.

A. Amouei et al

6. Kawamura S. Integrated designs and operation
of water treatment facilities, 2nd ed. New
York: John Wily and Sons Inc; 2000; 32- 5.

7. Salvato JA, Nemerow NL, Agardy FJ.
Environmental Engineering. Fifth edition. New
Jercy: John Wiley and Sons Inc. 2009;1047-
50.

8. Lauer W. Introduction to Water Treatment:
Principles and Practices of Water Supply
Operations. 2nd ed. Denver: American water
Works Association Press; 2003; 81-3.

9. Nawrocki J, Stanislawiak, Swietlik UR,
Olejmik A, Sroka MJ. Corrosion in a
distribution system: Steady water and its
composition. Water Research. 2010; 44: 1863-
72.DOI: 10.1016

10.1Lianga J, Deng A, Xie R, Gomez M, Huj
Zhang J, Ong CN, Adin A. Impact of flow rate
on corrosion of cast iron and quality of re-
mineralized seawater reverse osmosis (SWRO)
membrane product water. Desalination. 2013;
322:76-83. DOI: 10.1016

11.Antony A, Gray S, Childress AE, Le-Clech P,
Leslie G. Scale formation and control in high
pressure membrane water treatment systems: a
review. Journal of Membrane Sciences. 2011;
383: 1-16. DOI:10.1016/j.memsci.2011.08.054

12.Peng CY, Korshin GV, Valentine R, Hill RL,
Friedman AS. Characterization of elemental
and structural composition of corrosion scales
and deposits formed in drinking water
distribution systems. Water Research. 2010;
44: 4570- 80. DOI: 10.1016/j . watres.
2010.05.043

13.Whiters A. Options for recabonation,
remineralsation and disinfection  for
desalination plants. Desalination. 2005; 179 (1-
3): 11- 24. doi.org/10.1016/j.desal.2004.11.051

14.Atasoy AD, Yesilnacar MI. Effect of high
sulfate concentration on the corrosivity: a case
study from groundwater in harran plain,
Turkey. Environ monit Assess. 2010; 166 (1-
4): 595- 607. DOI 10.1007/s10661-009-1026-2

15.World Health Organization; Drinking water
quality guidelines, vol.1, Geneva, 2008.

16.Demodis KD. Focus on operation and
maintenance: Scale formation and removal.
Power. 2004; 148(6): 17- 24. DOI: 10.1021/
ie0501982.

Iran J Health Sci 2017; 5(2): 17


https://doi.org/10.1016/j.desal.2004.11.051

Corrosion and scaling potential of drinking water

17.Melidis P, Sanosidou M, Mandusa A,
Ouzounis K. Corrosion control by using
indirect methods. Desalination. 2007; 213:
152- 158. doi.org/10.1016/j.desal.2006.03.606

18.Rezaei Kalantari R, Yari AR, Ahmadi E, Azari
A, Tahmasbizade M, Gharagazlo F. Survey of
corrosion and scaling potential in drinking
water resources of the villages in Qom
province by use of four stability indexes (With
Quantitative and qualitative analysis. Archives
of Hygiene Sciences. 2013;2(4):127-34.

19.Alipour V, Dindarloo K, Mahvi AH, Rezaei L.
Evaluation of corrosion and scaling tendency
indices in a drinking water distribution system:
a case study of Bandar abbas city, Iran. Journal
of Water and Health. 2015; 13(1): 203- 9.
DOI: 10.2166/wh.2014.157

20.Shams M, Mohammadi AA, Sajadi SA.
Evaluation of corrosion and scaling potential
of water in rural water supply distribution
networks of Tabas, Iran. World Applied
Sciences Journal. 2012; 17(11): 1484- 89.
ISSN 1818-4952

21.Ghanizadeh GH, Ghaneian MT. Potential
corrosion and scaling in water systems
drinking water in military centers. Journal of
Military Medicine. 2009;11(3):155-60. [In
Persian]

Iran J Health Sci 2017; 5(2): 18

A. Amouei et al

22.Mahvi AH, Jamali HA, Alipour V. Corrosion
and scaling in Bandar Abbas water network.
Hormozgan Medical Journal. 2011;14(4):335-
40. [In Persian]

23.Al- Rawajfeh AE, Al- Shamaileh EM.
Assessment of tap water resources quality and
its potential of scale formation and corrosivity
in Tafila province, South Jordan. Desalination.
2007; 206: 322- 32. DOI: 10.1016/j.
desal.2006.01.039

24.Zazouli MA, Barafrashtehpour M, Sedaghat F,
Mahdavi Y. Assessment of scale formation and
corrosion of drinking water suppliiesin Yasuj
(Iran) in 2012. J Mazand Univ Med Sci. 2013;
23(suppl-2): 29-35. [In Persian]

25.APHA, AWWA WEF. Standard methods for
examination of water and wastewater. 22th ed,
2010.

26.Amouei Al, Fallah SH, Asgharnia HA, Bour
R, Mehdinia M. Evaluation of corrosion and
scaling potential of drinking water resources in
Noor city by using stability indices. Journal of
Semnan University of Medical Sciences. 2016;
18 (63): 150- 58. [In Persian]

27.Shankar BS. Determination of scaling and
corrosion tendencies of water through the use
of Langelier and Ryznar indices. Scholars
Journal of Engineering and Technology. 2014;
2(2): 123- 27. ISSN 2321-435X (Online).


https://doi.org/10.1016/j.desal.2006.03.606
https://doi.org/10.2166/wh.2014.157

