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ABSTRACT

Corrosion in water distribution systems is the primary reason for occurrence of damages in pipes, faucets, and metal joints in water
supplying systems, and results in decreasing the useful life of concrete reservoirs at least down to half, 40 % decrease of water transmission
in the pipes, as well as damaging the pipes and building materials. In addition, the entry of the material resulted from the destruction of the
pipes to water imposes serious risks for consumers. In this study, the corrosion indices of drinking water sources of Zahedan were
investigated in 33 water samples of this city in 2015, and values of parameters such as pH, TDS, total alkalinity, hardness, sodium, calcium,
water temperature and other chemical parameters were determined as well. Langelier, Ryzner, and Puckorius indices were formulated in
“Microsoft 2016” software to determine the qualitative parameters of the water samples, and the results were reported. The obtained results
demonstrate 67.26%, 78.72%, and 100% of corrosion tendency for Langelier, Ryzner, and Puckorius indices of the samples, respectively.
According to these results, the steel or concrete facilities of water transferring and distribution network of Zahedan have either already been
damaged or will be. Considering the high degree of corrosion, the drinking water sources of Zahedan befit damping their corrosively.

INTRODUCTION
KEY WORDS Corrosion is one of the qualitative indices of water which is effective in the preservation of its health and
Corrosion, Scaling quality. Determination of the corrosion potential is important in maintaining the useful life of facilities and
Tendency, Zahedan, pipes of water distribution network [1]. Corrosion in transmission and distribution networks is a
Groundwater, Ryzner, complicated phenomenon which include physical and chemical reactions between the surface of metal
Puckorius, Langelier and corrosive water [2, 3]. The water causing corrosion is called corrosive water and is different from

erosion [4]. The corrosiveness of water depends on numerous environmental factors including alkalinity,
buffer power, sodium, calcium, dissolved oxygen, TDS, sulfates, chlorides, polyphosphates, presence of
microorganisms and residual chlorine, as well as physical factors such as temperature, velocity, flow rate,
and nature of the metal [5- 8]. In water treatment processes, it is possible to prevent interior corrosion of
metallic and concrete instrument by adjustment of pH, alkalinity, and calcium hardness of water [9, 10].
Corrosion in water transmission lines and water treatment facilities leads to serious damages such as
decrease of water transmission and distribution capacity, increase of pumping costs due to shrinkage of
the pipes as a result of increase of calcium precipitation, shortening the useful life of the pipes and
destruction of all parts of the water distribution system and water transmission lines, water pumping
instruments, main lines of distribution network and home plumbing as well as blocking the pipes and ill-
timed and unexpected damages, perforation of the pipes, increase of water turbidity and resulting in
decrease of water quality in terms of aesthetics [11-13]. Corrosive waters dissolve the materials used in
pipes, joints, and faucets of water distribution network and cause serious health, aesthetic, and material
and energy consumption problems and result is economic losses in aqueous systems [14, 15]. Application
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*Corresponding Author of corrosion indices for investigation of the tendency of water for leaving precipitates behind, is one of
Email: ) indirect evaluation and simple detection of water corrosion methods. The accuracy of indices are
e”~m°h0mrﬁlc’d“0r°°'e@ evaluated on the basis of their ability in determination of under-saturation, saturation, and super-
gmat.com saturation states of water in terms of calcium carbonate and prediction of the capacity of waters in
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keeping or leaving and or degradation and dissolving calcium carbonate (CaCOs) precipitates. Some of
these indices include; Langelier, Ryzner, and Puckorius [16- 20]. According to the regulations of many
drinking water standards of accredited organizations worldwide such as EPA and WHO standards, drinking
water must not be corrosive [21-23]. Since the corrosion and precipitation indices must be evaluated at
least once every two-years for distribution networks of surface water sources and once a year for
distribution networks of underground sources, this study was performed to investigate the corrosion status
of underground water sources of Zahedanin 2015.

MATERIALS AND METHODS

To determine the corrosion potential of drinking water (underground water sources) of Zahedan in 2015,
first, the water samples were prepared according to standard methods of census, from 33 water wells
which were being used for supplying drinking water. Then, the residual chlorine and parameters like
concentration of calcium, total alkalinity, bicarbonate, hardness, sodium, chlorides, sulfates, total
dissolved solids (TDS), and pH of samples were determined after two times repeating, on the basis of the
methods presented in reference books [24]. Following this, the value and interpretation of the indices of
Ryzner stability, Langelier saturation, and Puckorius took place using Microsoft Excel 2016 according to
the methods of previous studies of the authors of the present article and were determined based on table
1 [1]. The conductivity, turbidity, temperature, and pH parameters were determined by in situ sampling
using a pH-lon meter of METROHM Company. The distribution of the values of the indices in Zahedan was
plotted and reported using Geographic Information System (GIS v10) by applying IDW (Inverse Distance
Weighted) method.

Indexes \ Equation | Index value Water condition
LSl = pH — pHs LSI<0 Super saturated, tend to precipitate CaCO3
; - pHs = A + B — log (Ca2+) — log
_La(ljngel:_esrlsaturatlon (Alk) pH <=9.3 LSI=0 Saturated, CaCO3 is in equilibrium
I 5] pHs = (9.3 + A + B) — (C + D)
(3) pH >9.3 LSI>0 Under saturated, tend to dissolve solid CaCO3
RSI<6 Super saturated, tend to precipitate CaCO3
Ryzner stability _ o TR
index (RSI) RSI = 2pHs — pH 6 <RSI<7 | Saturated, CaCO3 is in equilibrium
RSI >7 Under saturated, tend to dissolve solidCaCO3
PSI = 2 (pHeq) — pHs PSI <6 Scaling is unlikely to occur
Puckorius scaling gl = uiss - oyl
index (PS) (T.ALK) + 4.54
pHeq = 1.465 x log PSI > 6 Likely to dissolve scale
(T.ALK) + 4.54

h Zabol

Khah

Frarisahr
Dalgan Saravan

Canpann ses

Nikshar Sarbaz

b § Chabahar

.R.IRAN

Fig. 1: Zahedan Location.
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RESULT AND DISCUSSION

The primary reason for occurrence of corrosion or precipitation inside the interior walls of the pipes of
water distribution networks is variation of physical and chemical parameters of water, in particular pH,
temperature, total alkalinity, calcium, chlorine, sulphates, and etc. The mean values of maximum,
minimum, average, and standard deviation of parameters corresponding to calculation of corrosion indices
of the samples are provided in [Table 2]. The high mean values of the concentration of sulphates and
chlorine in the samples indicate the delicacy in the indices, however, considering the fact that the
equilibrium of the concentration of all parameters are in the same level, obtaining similar results for values
of corrosion indices is not surprising. According to [Table 1], the obtained results show that the qualities of
these sources of drinking water are unpleasant.
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Table 2: Water quality characteristics associated with corrosion and scaling tendency

Parameters Minimum Maximu Mea Std. Deviation
m n
pH 6.83 8.28 7.68 0.43
TDS(mg/l) 184.6 6210.4 279. 456
61
CL(mg/l) 6 1315 417. 324.62
70
Ca(mg/l) 28 458 118. 122.57
18
Na(mg/l) 37 1610 272 174
Mg(mg/l) 3.28 154 35.2 18
Temperature(c.) 17 27 22 2.76
Total Alkalinity(mg/l CaCO3) 35.6 548.40 318. 118.59
01
F(mg/l) 0.06 0.97 0.28 0.12
7
Turbidity 0.01 35.4 2.57 4.68
NO3(mg/l) 1.61 90.8 17.8 10.56
SO4(mg/l) 22 1550 536. 387.15
62
HCO3(mg/l) 76.6 542 252 62

Table 3: The National standards and Zahedan groundwater quality [17, 21]

Parameters Desirable level Limited level Over Standards

pH 6.5-8.5 6.5-9 0.0
TDS 1000 1500 9.5
Cl 250 400 13.2
SO~ 250 400 11.32
Ca 300 - -

NOs = 50 1.01
Mg 30 - 21

Na 200 200 45.3

The interpretation of the corrosion indices of the drinking water of Zahedan is provided in table 4 as
percentages. On the basis of interpretation of all three indices, the findings in table 4 demonstrate the
tendency of more than 60% of all samples for corrosion. As observed, according to Langelier index, 67% of
the sources tend to dissolve calcium carbonate and 33% of them tend to precipitate it. 79% and 73% of

the sources showed tendency for corrosion according to Ryzner and Puckorius indices, respectively. —

Table 4: Drinking water stability of Zahedan drinking water

No Index Water condition %
Under saturated, tend to dissolve solid CaCO3 | 67
1 Langelier | Saturated, CaCO3 is in equilibrium 33
Super saturated, tend to precipitate CaCO3 0.0
Under saturated, tend to dissolve solidCaCO3 | 79
2 Ryzner Saturated, CaCO3 is in equilibrium 21
Super saturated, tend to precipitate CaCO3 0.0
3 Puckorius Likel_y to_ dissglve scale 73
Scaling is unlikely to occur 23

The Langelier, Ryzner, and Puckorius indices for drinking water samples of Zahedan are illustrated in [Fig.
1].[ Fig. 1] shows that, majority of the samples provided from the wells have similar qualities and statuses,
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and values of S, PSI, and RSl indices all sit within a certain range. The acquired results showed that only
the water sources in upper Lar, downer Lar, and Ladiz villages tend to precipitate calcium carbonate,
whereas rest of the sources all tend to dissolve it. Among these sources, those belonging to upper Tamin,
Kalak, Karimabad, demonstrated higher corrosiveness compared to other sources. The mean values of
Puckorius and Ryzner indices in water samples of the villages were obtained as 6.45 and 7.16,
respectively. These values being higher than 6, confirms their corrosiveness. The mean value of Langelier
index was obtained as 0.57 which emphasizes on the corrosiveness of these water sources even more.
The Ryzner index which unlike Langelier index doesn’t have a theoretical base and is established based on
a series of experiments, shows that, a great section of the under study sources have corrosion potential.
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Fig. 1: The score of Langelier, Ryzner, and Puckorius indices in samples.

[Fig. 1] illustrates that, majority of the underground water sources of Zahedan are corrosive except for
those in Rahmatabad, Golchah, upper Tamin, Kalak, and Karimabad villages. The values of corrosion
indices of Dizook, Gavdaran, Bepi, and Garaghe villages demonstrated the highest corrosion potentials
among the under study sources.
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Fig. 2: The distribution of Langelier, Ryzner, and Puckorius indices in Zahedan city.
The mean value of the alkalinity of the water of the villages was determined as 318 mg/L CaCOs which is
way higher than the standard limit in Iran (120 mg/L CaCOs). The mean value of the total dissolved solids
was determined as 280 mg/L which is also higher than the standard limit in Iran. In case, the water

supplying situation is described as critical, this could be considered within the allowed range (the
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maximum allowed limit is 1500 mg/L and in case of lack of water in the area it is 2000 mg/L). The mean
value of pH was determined as 7.91 which is an acceptable value according to the standard limit in Iran
(7-7.5) [27]. The pH values of the waters of Pede Shahi, Tavakkolabad, Dizook, Rigmalek, Bepi, Garaghe,
Tahlab, upper Tamin, Chahbook, Choonabad, and downer Lar were higher than 8 and need changes in
disinfection methods of these water. Azari et al, investigated the stability indices of the drinking water of
villages in Qom province using Langelier, Ryzner, Puckorius, and corrosion indices in 2012 and their
results indicated the corrosiveness of the water sources under study[14]. In the investigation of Tagipoor
et al, the corrosion and precipitation potentials were studied in drinking water distribution system of Tabriz
by Langelier, Ryzner, Puckorius, and corrosion indices in 2012 [28]. In the study of Shams et al the
corrosion and precipitation potentials of the water supplying network of Tabas villages were investigated
using Langelier, Ryzner, and Puckorius indices and corrosiveness of the water of Tabas region was

confirmed by these indices [29].

CONCLUSION

In this study, corrosiveness of the drinking water sources of Zahedan was investigated by Langelier,
Ryzner, and Puckorius indices. The results of this study revealed that majority of the underground drinking
water sources of Zahedan show high corrosion potential. Hence, wasting costs and capital must be
prevented by stabilization of the water by applying a specific plan such as pH and alkalinity adjustments,
addition of chemical inhibitors, control of the amount of dissolved gases, and removal of some minerals,
as well as consideration of system design, specially choosing type and material of pipes and adjusting the

slope and flow rate of the water.
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