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ABSTRACT
Introduction: Water quality is essential for industries because they play an
important role in countries’ economic development. Groundwater is one of the
most widely used resources, and when the ionic constituents were increasing
higher than the allowable limit, it increases the cost of maintenance and
production in the industries.
Materials and Methods: In order to evaluate groundwater corrosiveness and
scaling potential in Zahedan City, 29 groundwater wells and GIS-based
geostatistical mapping techniques were analyzed clemically. The
physicochemical parameters were invetsiagted and the most popular corrosion
and scaling indices were determined as Langelier Index (LI), Aggressive Index
(AI), Ryznar Index (RI), Puckorius Index (PI), and Larson–Skold Index (LS).
Using ArcGIS 10.6.1 software, the zoning maps were plotted for LI, AI, RI, PI,
and LS indices.
Results: The results showed that total dissolved solids (TDS) and electrical
conductivity (EC) values in all of the samples exceeded the World Health
Organization (WHO) drinking water standard. AI values of 58.62% samples
showing moderate corrosiveness, and the remaining 17 samples have a scaling
nature with very less corrosivity. Based on the LI values, 55.2% of samples
have a corrosive nature. Concerning RI values, 59% of the samples have a
corrosive tendency. According to the PI values, the entire groundwater of this
region has a significant corrosive tendency, and 96% of samples exceeded the
LS > 1.2, showing a high rate of localized corrosion.
Conclusion: The zoning and spatial analysis of water quality showed that
water quality was treated for industrial purposes in the entire studied region.
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Introduction
Due to environmental laws and issues related to
pollution and the quality of water resources, it is
necessary to pay attention to water resources
quality. Population growth and water pollution,

caused by urban, industrial, and agricultural
wastewater discharge and leachate from landfills,
have increased pollution and limited the available
water resources1. In general, water quality in
aquatic ecosystems is evaluated by physical,

[ DOI: 10.18502/jehsd.v5i4.4968 ]

Assessment of Groundwater Quality in Zahedan City for Industrial Purposes

chemical, and biological parameters 2. On the other
hand, recognizing the contaminated sites and
existing pollutants will lead to optimal and proper
water use in different applications3. Water has
various applications in different areas, such
as consumption, household activities, recreation,
irrigation, and industries. In this regard, certain
standard values should be observed by
international and national organizations with
regard to water quality. Among water resourses,
including
the
surfacewater,
groundwater,
snowmelt, and rainfall, groundwater is considered
as one of the most widely used resources. In the
case that the ionic constituents of water esceed
the standard range, they can affect the living
organisms’ health, enter the agricultural products,
and increase the costs in food maintenance and
production industries 4.
Water quality is of great importance in
inductrial sections and economic development of
all nations5-7. Although water quality plays a
significantr role in industries, it is ignored by
most authorities due to the lack of sufficient
testing facilities or ignorance. Given that
groundwater is considered as an important source
of water supply for industries, its quality can be
affected by corrosion of the metallic parts of the
machinery such as plumbing systems, heat
exchangers, and coil pipelines8,9. In industries,
corrosion is mainly attributed to the quality
parameters of groundwater, which consist of pH,
alkalinity, TDS, dissolved oxygen (DO), total
hardness (TH), EC, and temperature (T) 10.
In this regard, Langelier saturation index (LI),
Ryznar index (RI), Aggressive Index (AI),
Puckorius Index (PI), and Larson–Skold Index
(LS) are among the main indices applied to
determine corrosion.. Many researchers applied
these indices in their studies from different
countries 11-15. These indices are simple ones that
do not have mathematical and statistical
complexity and can reflect the water quality
conditions. Besides geographic information

system (GIS), these indices are an efficient tool
for
spatial
processing
and
component
16-20
interpolation
.
The purpose of this study is to investigate the
quality of groundwater using LI, RI, AI, PI, and LS
indices for industrial use. These indices were used
along with spatial variation mapping applying
geostatistical methods in the Zahedan City in
Sistan and Baluchestan province. These data can
help better understand the quality of groundwater
and provide information for further studies in
purification and better water quality management.
Materials and Methods
Study area and data collection
Zahedan City, the capital of Sistan and
Baluchestan Province in Iran, is located between
longitude 60º35’ to 61°22’ eastern and latitude
29°07’ north (Figure 1). This area has a dry
climate with dispersed observational wells. To
conduct this study, 29 wells were considered in a
flow zone that covers an area of about 210 km2.
The average annual rainfall is 61.94 mm in this
aquifer and the maximum and minimum
temperatures are estimated as 42°C and -7.20°C,
respectively 21.
Groundwater data were collected in 2019
(winter, spring, summer, and autumn). The
samples were stored in thoroughly cleaned the 2 L
capacity bottles at a suitable temperature with
necessary precautions for further analyses based
on the APHA22. Parameters such as pH, EC, and
TDS were measured by a Multiparameter (86505,
AZ). EDTA titration was used in analyzing major
ions such as magnesium (Mg2+) and calcium
(Ca2+). A flame photometer (M410, Sherwood)
was used in measuring sodium (Na+). Sulfates
(SO42-) were calculated by a Double Beam
Ultraviolet-Visible (UV-Vis) Spectrophotometer
( LUV-100A, LABNICS). Bicarbonates (HCO3−)
and chlorides (Cl-) were analyzed to the
laboratory by titration with sulfuric acid and
silver nitrate, respectively22.
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Figure 1: The geographical location of the area of study, Zahedan, Iran.
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Spatial analysis and calculation of corrosion
indices
Geographic Information System (GIS) maps
were developed to investigate the corrosion
intensity, and the corrosion indices were
calculated on the average data. All spatial
analyses were conducted by ArcGIS 10.6.1
software and Excel software for analyzing and
charting other data. Data were normalized by the
Logarithmic method and then interpolated by
Inverse Distance Weighing (IDW) in the GIS

environment. A detailed explanation of the
calculation of indices and their interpretation is
given in table 1 23. The IDW method was used to
zoning maps of the indices because IDW is
simpler than Kriging 24, 25. The kriging method
only works for normal distributions, while IDW
can handle parameters that are not normally
distributed 26. The IDW method assumes that the
unsampled points’ values are more similar to the
closer sampled points’ values 27.

Table 1: Calculation of the corrosiveness and scaling potential of the groundwater and classification of groundwater
quality based on these indices
Index

Langelier index
(LI)

Calculation method
LI = pH–pHs;
pHs = (9.3 + A + B) − (C + D)
A = (Log10 (TDS) − 1)/10
B = –13.12 × Log10 (T + 273) + 34.55
C = Log10 (Ca2+) − 0.4
D = Log10 (Alk)

Classification and interpretation
LI < 0: not saturated water with corroding tendency
LI = 0: saturated water with no scaling tendency
LI > 0: supersaturated water with a scaling tendency
AI < 10: severely corrosive water (highly aggressive)

Aggressive index
(AI)

2+

AI = pH + Log10 (Alk × Ca )

10 ≤ AI ≤ 12: moderately corrosive water
AI > 12: Water with a scaling and non-aggressive
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Index

Calculation method

Ryznar index (RI)

RI = 2pHs–pH

Puckorius index
(PI)

PI = 2pHs–pHeq

tendency
RI ≤ 5.5: Water with a rigorous scaling tendency
5.5 < RI < 6.2: Water with a scaling tendency
6.2 ≤ RI ≤ 6.8: Water is balanced with no scaling or
corrosive tendency
6.8 < RI < 8.5: Water with a corrosive tendency
RI ≥ 8.5: Water with a rigorous corrosive tendency
PI < 6: Water with a scaling tendency

pHeq = 1.465 × Log10 (Alk) + 4.54

Larson–Skold
index (L–S index)

Classification and interpretation

LS = (Cl− + SO4 2−)/(Balk + Calk)

6 ≤ PI ≤ 7: Water with little scaling and corrosive
tendencies
PI > 7: Water with a significant corrosive tendency
LS < 0.8: Water with a scaling tendency
0.8 ≤ LS B 1.2: Higher corrosion rates are obtainable
LS > 1.2: High localized corrosion rates are expected
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Results
Since the water quality change is continuous,
and the water quality was greatly affected by closer
observation points, IDW was used in this study.
The findings achieved from the groundwater
quality parameters in Zahedan district are tabulated
in Table 2. The pHs ranged from 6.55 to8.01. In
general, most water samples were alkaline and had
a good quality within the standard range of 6.5–8.5
for drinking water set by WHO 28. EC and TDS are
recorded to be a maximum of 12200 μS/cm and
7251.81 mg/L, respectively. The average values
were 6543.6 μS/cm and 4258.8 mg/L. The average
values of both parameters are higher than the
WHO guideline. In this study, the mean values of

cations such as sodium, calcium, and magnesium
were 990.7, 271.97, and 140.71mg/L, respectively.
The average concentration of Na+, Ca2+and Mg2+
shows that these ions’ concentration exceeded the
standard values. With regard to anions, sulfate had
the highest rate of anion in the study area with a
concentration range of 613.2 - 2522.75 mg/L.
Chloride is the second dominant anion in the study
area’s groundwater, mainly originated from saline
formations’ dissolution. The average concentration
of HCO3- is 567.7mg/L, and carbonate
concentration ranged from 249.61 to 974.78 mg/L.
The frequency of major ions in the groundwater
was in the following order:
Na+ > Ca2+ > Mg2+ and SO4 2− > Cl− > HCO3 –

Table 2: Physical and chemical parameters of groundwater samples in Zahedan
Parameter
Temp(°C)
pH
EC(µS/cm)
TDS(mg/L)
TH (mg/L)
Na+(mg/L)
Ca2+(mg/L)
Mg2+(mg/L)
Cl-(mg/L)
HCO3-(mg/L)
SO42-(mg/L)
Alkalinity (mg/L CaCO3)

Mean
16.8
6.99
6543.6
4258.8
1254.2
990.7
271.97
140.71
1025.6
567.7
1338.4
469.2

Min
4
6.55
3530
2114.79
488.53
567
73.93
66.83
451.5
249.61
613.2
204.9

Max
28
8.01
12200
7251.81
2273
1660
576.62
308.12
1956.75
974.78
2522.75
799

Threshold standards(WHO 2017)
6.5-8.5
1500
1500
500
200
200
150
600
300
400
500
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In calculations of pH, the mentioned abbreviations and explanations are the real pHs of water; pHs show the pH in saturation state of
CaCO3; TDS stands for the total dissolved solids (mg/L); T representstemperature (°C), Ca2+ is the calcium hardness of mg/L
CaCO3; Alk shows the alkalinity of mg/L CaCO3; pH eq is the pH at equilibrium; Cl− is chloride (mg/L); SO42− is sulfate (mg/L);
Balk represents the bicarbonate alkalinity of mg/L CaCO3, and Calk is carbonate alkalinity of mg/L CaCO3
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Figure 2: Evaluation of LI for the groundwater
samples in the study area
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Based on the findings, the Langelier Index (LI)
values were within the range of 0.66 – 0.98 with
an mean of -0.0232 (Figure 2). We also found that
55.2% of samples had LI values lower than zero
that showed a corrosive nature. However, LI
values of other samples (44.8%) were higher than
zero. So, samples were supersaturated using
scaling tendency.
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The AI values ranged from 11.23 to 12.79,
with an average of 11.94. Figure 4 shows the AI
values of individual water samples in the study
area. The AI values of 58.62% of the samples
were within the range of 10 - 12, which indicate
moderate corrosiveness. In the other 17 samples,
AI > 12, showing very low corrosivity.
Moreover, corrosivity, in the other samples is
38% below the 11.9 and 14% in the range of
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According to Figure 3, negative values are
observed in the southwest area and just very few
values are related to the northwest region of the
studied region. Furthermore, most studied areas
have positive LI values indiacting the scaling
nature of the water samples. The negative mean
values of LI show that most water samples are not
saturated and have a corroding tendency.

Figure 3: Spatial variation of LI in the study area

11.9 to 12, and 14% in the range of 12.1 to 12.2
is observed respectively. Also 10% of the area is
allocated 12 to 12.1 and 24% for 12.2. (Figure
5).
So, the AI values showed water in the southwest
of the district, and in the region of the southeast
and northwest has a scaling tendency. However,
water has a scaling and non-aggressive tendency in
other regions.
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The Ryznar Index (RI) values were within the
range of 5.89 - 8.53, with a mean of 7.03.
Figure 6 illustartes RI values of the groundwater
samples collected from the strudy area. Based on
the finidngs, 3 of 29 samples had RI values
within the range of 5.5 < RI < 6.2; thus, water
has a scaling tendency, 9 out of 29 samples have
RI values ranging from 6.2 < RI < 6.8.

Figure 5: Spatial variation of AI in the studied area

Therefore, water is balanced with no scaling or
corrosive tendencies. Moreover, RI values of the
remaining 59% of the samples were within the
range of 6.8 < RI < 8.5; in other words, the water
samples had a corrosive tendency. The RI
findings agreed with the index mentioned
previousely and showed the same pattern (Figure
7).
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Figure 4: AI Evaluation of in groundwater samples
from the study area
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Figure 6: RI Evaluation of the groundwater samples in
the study area

Figure 7: Spatial variation of RI in the study area
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The general classification of Puckorius Index
(PI) can be classified as PI > 7, with significant
scaling tendencies. The PI varied from 7.53 to 8.68
with a meanof 8.16. All samples showed PI > 7,

In Zahedan City, Larson–Skold index (L–S
index) of the groundwater samples was within the
range of 0.98 - 5.00, with a mean of 2.39 (Figure
10). In this regard, 14% of samples were with
within the range of 0.8 ≤ LS ≤1.2, showing high
rates of corrosion. The remaining samples

indicating that water samples had a considerable
scaling tendency (Figure 8). The entire
groundwater of this region has a significant
corrosive tendency (Figure 9).

Figure 9: Spatial variation of PI in the study area

exceeded the LS > 1.2, which indicate a high rate
of localized corrosion. The LS’s spatial variation
shows that water with high corroding tendency is
distributed all over the region, which is in
agreement with the findings of other indices
(Figure 11).
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Figure 8: PI evaluation for the groundwater samples in
the studied area
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Figure 10: LS Evaluation for the groundwater samples
in the study area
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Figure 11: Spatial variation of LS in the study area
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Discussion
The values of the Zahedan district’s physicalchemical
parameters
displayed
that
the
groundwater quality results from the effect of the
nature of climate and aquifer materials and human
influences. The water in the alluvium adjacent to
the young flysch formation, a marine facies, has
higher salt concentrations. The waters with the
lowest ion concentrations are located in the coarser
alluvium adjacent to the granite formation that
high recharge rate occurs at valley bed alluvium of
these formations21. Through a discharge of sewage
into absorbing wells, the urban effect has caused
the EC to increase in some places from about 3530
to about 12200μS/cm. In addition to the nature of
the aquifer, people have had a much greater impact
on groundwater quality 29. In hard rock regions,
calcium and magnesium are mainly derived from
minerals like pyroxenes and amphiboles 21. Some
minerals including pyroxenes and amphiboles in
the silicate rocks and dolomite and calcite are
considerd as important sources of calcium and
magnesium production in groundwaters. In some
regions of the studied area, Na+ was higher than
Ca2+, indicating the inverse cation exchange
process, in which Ca2+ from the groundwater
replaces na+ from the aquifer. However, studies of
the natural origin of Na-Cl have been reported in
cases such as dry sedimentation and dissolution of
halite minerals. Sulfate concentration is high in
location. High values of SO42- along with Ca2+,
suggest a possible dissolution of gypsum.
The LI index, as a system of estimating and
predicting the frequency of problems raised by
limescale in a particular water supply, indicates the
corrosiveness or incrusting ability of a water
sample30. In other terms, this system is able to
predict water tendencies to precipitate or dissolve
calcium carbonate, which is considered as the main
parameter in determining water corrosivity.
According to this index, water’s corrosive action is
basically caused bythe excess of free CO2 and its
interaction with calcium and magnesium
carbonates. These salts are in solution as
bicarbonates in the presence of carbon dioxide. As
a result, a corresponding concentration of carbon

dioxide is considerd for all concentrations of
calcium and magnesium in orderto prevent
decomposition of these bicarbonates back into
carbonates31. Acidic pH accelerates corrosion; in
water with low alkalinity and high free carbon
dioxide, the attack is more rapid than water, which
has high alkalinity and low carbon dioxide
contents. Consequently, we can say that pH change
is required to make water in equilibrium.
Generally, this index value lies between −3 and +3.
A negative index shows that the water sample is
under-saturated, dissolving CaCO3, and corrosive.
A value near zero indicates that the water sample is
at saturation (equilibrium) and the positive value of
LSI indicates that the water is over or
supersaturated, that deposits CaCO3 on the surface
of metal. Therefore, the corrosion rates will be
negligible 32, 33.
Aggressive index depends on the pH, total
alkalinity, and calcium hardness 5. This index is
often used as an alternative method for Langeler
Index and it is a parameter to determine water
corrosiveness. Since temperature and TDS values
are not required in this calculation, it is more userfriendly than LI. However, given that AI is less
accurate than LI, it is considered a general
indicator other than a quantitative measurement.
According to pH and pHs values of water,
Ryznar index proved improvement over the LI34. It
also quantified the water scaling properties in
numerical values better 31.
Alkalinity and pH of water value represent the
buffering capacity and water samples’ precipitation
characteristics to reach equilibrium 35, 36. Puckorius
index is derived from these parameters, and the
equilibrium pH is used instead of the actual pH of
the water. The PI uses the same numbering
systems and general interpretation as does the
RI 30.
Eventually, Larson-Skold index 37 was provided
according to the hydrochemical parameters,
including chlorides, sulfates, carbonate alkalinity,
and bicarbonate alkalinity. The water will
evaporate more corrosivity in the case of a high
concentration of sulfate and chloride.
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Conclusion
Qualitative assessment of groundwater for
industrial purposes was assessed for the Zahedan
district in Sistan and Baluchestan Province, Iran.
The order of dominance of cations was Na+ > Ca2+
> Mg2+ and that of anions was SO4 2− > Cl− >
HCO3−. The average values of EC and TDS
parameters are higher than the WHO guidelines.
The corrosion and scaling indices were evaluated
using five most frequently applied indexes. In this
regard, using multiple indices provided more
accurate information on the corrosive or scaling
tendency. Spatial variation mapping of the indices
indicates that the main part of groundwater in
Zahedan area has a corrosion tendency. The dataset
classified groundwater as unsuitable, and this
indicates that the water is unreliable for industrial
usage and will need further treatment.

Funding
No funding has been received for this project.
Conflict of interest
All authors declare that there are no competing
interests.

Jehsd.ssu.ac.ir

[ Downloaded from jehsd.ssu.ac.ir on 2023-01-09 ]

Acknowledgments
All authors would like to thank Regional Water
Company for its assistance with the study.

[ DOI: 10.18502/jehsd.v5i4.4968 ]

1170

It is an Open-Access article distributed in accordance
with the terms of the Creative Commons Attribution
(CC BY 4.0) license, which permits others to distribute,
remix, adapt, and build upon this work for commercial
use.

References
1.Srebotnjak T, Carr G, de Sherbinin A, et al.
Global water quality index and hot-deck
imputation of missing data. Ecol Indic.
2012;17:108-19.
2.Sánchez E, Colmenarejo MF, Vicente J, et al.
Use of the water quality index and dissolved
oxygen deficit as simple indicators of watersheds
pollution. Ecol Indic. 2007;7:315-28.
3.Sargaonkar A, Deshpande V. Development of an
overall index of pollution for surface water based
on a general classification scheme in Indian

JEHSD, Vol (5), Issue (4), December 2020, 1162-72

Sargazi Sh, et al.

context. Environ Monit Assess. 2003;89:43-67.
4.Elango L, Kannan R, Senthil Kumar M. Major
ion
chemistry
and
identification
of
hydrogeochemical processes of groundwater in a
part of Kancheepuram district, Tamil Nadu,
India. J Environ Geosci. 2003;10:157–66.
5.Khosravia R, Eslamia H, S. Almodaresib A, et al
.Use of geographic information system and water
quality index to assess groundwater quality for
drinking purpose in Birjand City, Iran. Desalin
Water Treat. 2017;67:74-83.
6.Eslami H, Almodaresi S, Khosravi R, et al.
Assessment of groundwater quality in YazdArdakan plain for agricultural purposes using
Geographic Information System (GIS). J Health.
2018;8:575-86.
7.Eslami H, Tajik R, Esmaili M,et al. Assessment
of the quality of Rafsanjan drinking water
resources using Water Quality Index (WQI)
model in 2018: A descriptive study. Journal of
Rafsanjan University of Medical Sciences.
2020;18:985-96. [In persian]
8.Babiker IS, Mohamed MAA, Hiyama T.
Assessing groundwater quality using GIS. Water
Resour Manag. 2007;21(4):699–715.
9.Dominick D, Juahir H, Latif MT, et al. Spatial
assessment of air quality patterns in Malaysia
using multivariate analysis. Atmos Environ.
2012;60:172–81.
10. Kalyani DS, Rajesh V, Reddi EUB, et al.
Correlation between corrosion indices and
corrosiveness of groundwater: a study with
reference to selected areas of Krishna District,
Andhra Pradesh, India. Environ Earth Sci.
2017;76:568.
11. Alipour V, Dindarloo K, Mahvi AH, et al.
Evaluation of corrosion and scaling tendency
indices in a drinking water distribution system: a
case study of Bandar Abbas city, Iran. J Water
Health. 2015;13:203–9.
12. Shams M, Mohamadi A, Sajadi SA.
Evaluation of corrosion and scaling potential of
water in rural water supply distribution networks
of Tabas, Iran. World Appl Sci J. 2012;17:1484–
9.
13. Alsaqqar AS, Khudair BH, Ali SK. Evaluating

[ DOI: 10.18502/jehsd.v5i4.4968 ]

Assessment of Groundwater Quality in Zahedan City for Industrial Purposes

water stability indices from water treatment
plants in Baghdad city. J Water Resour Prot.
2014;6:1344–51.
14. Sajil Kumar PJ. Evolution of groundwater
chemistry in and around Vaniyambadi industrial
area:
differentiating
the
natural
and
anthropogenic sources of contamination. Chem
Erde. 2014;74:641–51.
15. Pius A, Jerome C, Sharma N. Evaluation of
groundwater quality in and around Peenya
industrial area of Bangalore, South India using
GIS techniques. Environ Monit Assess.
2012;184:4067–77.
16. Srivastava PK, Mukherjee SM, Gupta M, et al.
Characterizing monsoonal variation on water
quality index of River Mahi in India using
geographical information system. Water Qual
Expo Health. 2012;2:193–203.
17. Chen L, Feng Q. Geostatistical analysis of
temporal and spatial variations in groundwater
levels and quality in the Minqin oasis, Northwest
China. Environ Earth Sci. 2013;70:1367–78.
18. Srinivas Y, Oliver H, Stanley RA, et al.
Evaluation of groundwater quality in and around
Nagercoil town, Tamil Nadu, India: an integrated
geochemical and GIS approach. Appl Water Sci.
2013;3:631–51.
19. Tiwari AK, Maio MD, Singh PK, et al.
Hydrogeochemical
characterization
and
groundwater quality assessment in a coal mining
area, India. Arab J Geosci. 2016;9(3):177.
20. Taghavi M, Mohammadi MH, Radfard M, et
al. Assessment of scaling and corrosion potential
of drinking water resources of Iranshahr.
MethodsX. 2019;6:278-83.
21. Khazaei E, Stednick J, Sanford W, et al.
Hydrochemical changes over time in the
Zahedan aquifer, Iran. Environ Monit Assess.
2006;114(1-3):123-43.
22. APHA. Standard methods for the examination
of water and waste waters, 18th edn. American
Public Health Association, Washington, DC;
1992.
23. USEPA. Corrosion manual for internal
corrosion of water distribution systems, United
States Environmental Protection Agency

(U.S.EPA), Washington, DC; 1984.
24. Hodam S, Sarkar S, Marak AGR, et al. Spatial
Interpolation of Reference Evapotranspiration in
India: Comparison of IDW and Kriging
Methods. Journal of The Institution of Engineers
(India): Series A. 2017;98:511–24.
25. Shukla K, Kumar P, Mannand GS, et al.
Mapping spatial distribution of particulate matter
using kriging and inverse distance weighting at
supersites of megacity Delhi. Sustain Cities Soc.
2020;54:101997.
26. Chen FW, Liu CW. Estimation of the spatial
rainfall distribution using inverse distance
weighting (IDW) in the middle of Taiwan. Paddy
Water Environ. 2012;10:209–22.
27. Haldar K, Kujawa-Roeleveld K, Dey P, et al.
Spatio-temporal variations in chemical-physical
water quality parameters influencing water reuse
for irrigated agriculture in tropical urbanized
deltas. Sci Total Environ. 2020;708:134559.
28. WHO. Guidelines for drinking-water quality,
IV edn. World Health Organization, Geneva,
2017; 340.
29. Subramani T, Rajmohan N, Elango L.
Groundwater geochemistry and identification of
hydrogeochemical processes in a hard rock
region Southern India. Environ Monit Assess.
2010;162:123–37.
30. Langelier WF. The analytical control of anticorrosion water treatment. J Am Water Works
Assoc.1936;28:1500–21.
31. Sasidhar P, Vijay Kumar SB. Assessment of
groundwater corrosiveness for unconfined
aquifer system at Kalpakkam. Environ Monit
Assess. 2008;145:445–52.
32. SivasankarV, Ramachandramoorthy T. An
investigation on the pollution status of holy
aquifers of Rameswaram, Tamil Nadu, India.
Environ Monit Assess. 2009;156:307–15.
33. Ravikumar P, Somashekar RK. Assessment
and modelling of groundwater quality data and
evaluation of their corrosiveness and scaling
potential using environmetric methods in
Bangalore South Taluk, Karnataka State, India.
Water Resour. 2012;39:446–73.
34. Ryznar JW. A new index for determining the

JEHSD, Vol (5), Issue (4), December 2020, 1162-72

Jehsd.ssu.ac.ir

[ Downloaded from jehsd.ssu.ac.ir on 2023-01-09 ]

Sargazi Sh, et al.

1171
1

Assessment of Groundwater Quality in Zahedan City for Industrial Purposes

Jehsd.ssu.ac.ir

[ Downloaded from jehsd.ssu.ac.ir on 2023-01-09 ]

amount of calcium carbonate scale formed by a
water. J Am Water Works Assoc.1944;36:472–5.
35. Vegesna SR, Mc Anally SA.Corrosion indices
as a method of corrosion measurement and a
systems operating tool. J Environ Sci Health A Tox
Hazard Subst Environ Eng. 1995;30:583–605.
36. Davil MF, Mahvi AH, Norouzi M, et al.

[ DOI: 10.18502/jehsd.v5i4.4968 ]

1172

Powered by TCPDF (www.tcpdf.org)

JEHSD, Vol (5), Issue (4), December 2020, 1162-72

Sargazi Sh, et al.

Survey of corrosion and scaling potential
produced water from Ilam water treatment plant.
World Appl Sci J. 2009;7:1–6.
37. Larson TE, Skold RV. Laboratory studies
relating mineral water quality of water to
corrosion of steel and cast iron. Corrosion.
1958;14:285–8.

