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Abstract: This paper presents an analysis of natural mineral waters recognized by EU member states
(on the basis of being announced in the Official Journal of the European Union) and originating
in Polish territory. For each of these waters, calculations were made in relation to the Langelier
saturation index, Ryznar stability index, and indices S; (effect of chloride and sulfate ions on iron
and steel), Sy (effect of nitrate ions on zinc), and S3 (effect of bicarbonate/sulfate ratio on copper).
The impact of mineral waters on copper, hot-dip galvanized iron, stainless steel, acid-resistant steel,
cast iron, low-alloy steel, and nonalloy steel was assessed on the basis of the indices calculated.
The analysis allowed determination of the possibility of these measures being used in assessing the
performance of mineral water installations.

Keywords: mineral water; water installations; safety of water system functioning

1. Introduction

Mineral waters, like tap water, are transported to places of collection or use via water pipes.
However, they actually demand more from the installation materials used, given the need for the latter
to be resistant to aggressive impacts that lead to corrosion. This in turn is reflected by the presence
in mineral waters of a higher content of aggressive ions, such as bicarbonate, sulfate, and chloride,
as well as free carbon dioxide. Under such conditions, there is a high probability that metal will start to
corrode, thereby also causing a deterioration in the quality of the water flowing through it. Where the
reaction of water is neutral, metals may be subject to general, pitting, selective, bimetallic, erosive,
stress, fatigue, and crevice corrosion [1-3].

Although more and more mineral water bottling plants are being built and more and more spas
being established where sources of highly mineralized waters are located, there remains a lack of
awareness about the need for mineral waters to be treated differently from tap water when it comes to
the installation materials used. Therefore, to help designers choose the right installation for a given
mineral water, many indices have been developed to help determine, to a greater or lesser extent,
water’s corrosive properties and its impact on individual metallic installation materials [4-6].

Mineral water was first defined at the International Balneological Congress in Bad Nauheim
(Germany) in 1911 [7]. For water to qualify as mineral water, its level of mineralization has to be at least
1000 mg/L. The water may also contain natural dissolved gases, such as hydrogen sulfide or carbon
dioxide. In most cases, the sources involved lie below impermeable layers (so-called submersible
water), with water mineralized through the dissolution of minerals and rocks that it is in contact with.
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However, the wide array of mineral waters in terms of composition means that the design of
the associated water supply network should involve an analysis determining corrosion resistance
of the installation materials. The type of installation material will first of all affect the capacity for
water pollution to be prevented. Key analysis to allow an appropriate choice of material relates to
the corrosiveness of water in relation to metals [8-10]. This is known to depend on the composition,
notably the content of compounds with catalytic or corrosion-inhibiting properties. In line with this
relationship, several indices have been adopted to predict the extent to which the corrosiveness of
water will affect a given installation material in terms of its safety and reliability [11-16].

In the context of the study presented here, the five most common indices were considered,
with determinations made for natural mineral waters referred to in European Parliament
announcements [17,18]. An analysis of indices relative to installation materials was also carried
out to give an indication as to how suitable these would prove for use in installations involving the
given mineral water.

2. Legal Regulations Regarding the Corrosive Properties of Selected Mineral Waters

The basic standard in the field of corrosion with regard to the impact on the water supply
system and corrosion protection is ISO 1885 [19]. This sets out the basic concepts regarding corrosion
and, more specifically, general terms, types of corrosion, corrosion protection, corrosion testing,
and electrochemical terms. Other standards [20,21] in this area relate to corrosion protection and
indoor installations of buildings supplying water for human consumption.

Another standard specifying ways to protect materials used in the construction of the water
supply network against corrosion is EN 12502, with its five parts relating to seven types of metal, i.e.,
copper and its alloys, hot-dip galvanized iron, steel (stainless or acid-resistant), iron, and nonalloy
and low-alloy steels. Each section describes the type of corrosion that can threaten a given metal
under certain conditions and also determines the impact of various factors (such as water parameters,
design and performance, and temperature effects) on water distribution systems. In some cases,
possibilities are also given for the corrosion process to be inhibited or eliminated entirely [22-26].

Characterized to assess the corrosive effect of mineral waters on tap water materials, the now
obligatory standard N-72/C-04609 entails an initial qualitative assessment of the corrosive effect of cold
natural waters on pipes made of cast iron or ordinary or galvanized steel. The standard describes the
method by which the saturation index is determined as well as permissible parameter values for cold
water under which corrosive properties of water are weakened.

Guidelines for the design of water supply systems are also included in EN 806, which has
information relating to requirements and recommendations for the design, manufacture, reconstruction,
testing, operation, and use of installations intended for the transport of water for human
consumption [27-31].

The indices introduced by the German standard DIN 50930 dating back to 1993 has now been
replaced by a standard analogous to EN 12502. The indices involved concern the impact of the
installation of chloride and sulfate ions (S1) and nitrate ions (S;) as well as the content of bicarbonate
and sulfate ions in relation to copper installations (Ss3).

Under Directive 2009/54/EC of the European Parliament and of the Council of 18 June 2009
on the exploitation and marketing of natural mineral waters, “natural mineral water” means a
microbiologically wholesome water, originating in an underground water table or deposit and
emerging from a spring tapped at one or more natural or bore exits [32]. The regulation specifies
the exact requirements to be met by waters considered as mineral, spring, or table waters. These are
microbiological requirements, maximum levels for minerals in water, and conditions under which
waters can be saturated or have components or carbon dioxide removed from them. The ordinance
also sets out the scope of basic research and methodologies for its implementation and qualification in
relation to a given group as well as hygiene requirements with respect to the extraction, transport,
and bottling of water.
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The classification of mineral waters is as follows [32]:

e  Low mineral content—a mineral salt content, calculated as fixed residue, not greater than 500 mg/L;

e  Very low mineral content—a mineral salt content, calculated as fixed residue, not greater than
50 mg/L;

e Rich in mineral salts—a mineral salt content, calculated as fixed residue, greater than 1500 mg/L.

Basic regulations on the supply to consumers of water of adequate quantity and quality are
transpositions of the Drinking Water Directive (Council Directive 98/83/EC of 3 November 1998 on the
quality of water intended for human consumption), with its latest amendment including Commission
Directive (EU) 2015/1787 of 6 October 2015 [33]. This specifies permissible concentrations of individual
elements that classify water from taps in terms of drinking water.

Bottled mineral waters analyzed in this work are contained in the aforementioned Official Journal
of the European Union [17]. This posting is in compliance with Article 1 of Directive 2009/54/EC of the
Parliament and of the Council dated 18 June 2009 [32].

3. Materials and Methods

This section provides details of the proposed methods to assess the corrosive properties of selected
mineral waters. The indices used to assess the stability of water were as follows: the value of pH at
saturation, the Langelier index I, the Ryznar index I, the Larson and Skold index 51, the S, index
of selective corrosion in iron pipes that are hot-dip galvanized, and the S3 index for the assessment
of pitting corrosion in pipes made of copper [22-26]. The analysis was carried out with Statsoft
software [34].

3.1. Description of the Study Region

The mineral waters considered in this study are mined in Poland, a country located in Central
Europe and on the Baltic Sea. It has a humid continental climate, though one that is also defined
as transitional between warm and rainy temperate and snow-forest boreal. Poland is inhabited by
38.5 million people over an area of 312,700 km?, with an average population density of 123 people/km?.
Poland occupies the area between 54°50” and 49°00’ N and 14°07’ and 24°09’ E (Figure 1). Because
lowland areas (below 200 m a.s.l.) predominate in Poland (accounting for as much as 75% of the
country’s area), the average height is only 173 m a.s.l., and the median height is 149 m a.s.1. The lowlands
occur in the north and in the center, with mountain and upland areas in the south.

Poland

Figure 1. Location of the study region.
3.2. Characteristics of the Research Object

Data on the content of individual ions were collected from individual bottling plants extracting a
given water, with about 78 samples taken into account.
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Table 1 presents some of the analyzed bottled mineral waters available in Poland for retail
and wholesale. These are extracted from both spa areas and other places in Poland. All properties
of selected bottled mineral waters are contained in the table in Appendix A (Table Al). During
calculation, the following values of standard deviation were obtained: pH (0.75), Ca?* (104.78 mg/L),
HCO3~ (571.32 mg/L), C1~ (204.33 mg/L), SO4>~ (168.45), and NO3~ (0.0123 mg/L).

Table 1. Properties of selected bottled mineral waters—some results from all of the analyzed waters.

2 _ _ _ _
Place of Exploitation/ pH Ca** HCO; cl 504 NOs
Name of Source - mg/L mg/L mg/L mg/L mg/L
Malopolskie
Spring No. 1,2, 6,7, 9) 5.7 86.97 360.01 5.32 12.6 25
Malopolskie
source W-12, W-24 6.06 142.5 1665.8 319.1 115 0.44
Malopolskie R1 5.1 50.2 341.7 7 22.8 0.71
Malopolskie
source 7.89 114 729.5 9 26 0
Z-3,7-3A
3.3. Methods

3.3.1. Indices Assessing the Corrosive Effect of Water on Water Installations

The corrosive effect of water on water installations was assessed using indices as follows:

e  Water stability, i.e., the pH value at saturation, defined as follows:
pHs=(93+A+B)-(C+D) 1)

where A is a value determined on the basis of dry residue, B is a value determined on the basis of
temperature, C is a value determined in reference to calcium content, and D is a value determined
in reference to total alkalinity.

The values necessary to determine the pH of water at saturation are contained in the table in
Appendix A (Table A2).

e The Langelier index, as used to assess the corrosive effect of water on steel and galvanized
installations, calculated in line with a formula in the standard [34] as follows:

Ip =pHp — pHs )

where [} is the saturation index, pHy is the pH of the examined water sample, and pHjs is the pH
in the saturated state.

The saturation index often refers to the likelihood of determining limestone carbonate formation.
The index assumes that, in the case of sediment formation, the rate of the corrosion process is low,
meaning that water is only slightly corrosive. Sedimentation will occur if the indicator is positive.
However, if the index is negative, it means that the calcium compounds in the water are dissolved
and the corrosiveness of the water is high. If the index value is zero, the water has poor corrosion
properties and there is a possibility of lime scale.

e The Ryznar index, based on the same assumptions as I; and otherwise known as the Ryznar
stability index. The method of calculation combines analytical data with theories about the
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saturation of water in calcium carbonate, with the aim of predicting the tendency for sediment to
form as well as the corrosiveness of water relative to carbon steel. The Ryznar index is calculated
in line with the following formula:

Ir =2 pHs — pHy 3)

where Iy is the stability index.

Different values for the index correspond to different levels of stability of water [35]. When the
value is below 6, the stability of water is deemed to be lower given the associated deposition of CaCOs
sediment and hence has more limited corrosiveness [36]. In turn, when the indicator value is in the 6-8
range, water is probably unstable and there is a possibility of underlying corrosion. However, if the Ig
value exceeds 8, the water is stable and its corrosiveness increases. To summarize, under the Ryznar
index, stable water is that characterized by a value maintained in the range 6.25-6.75.

e  The Larson and Skold index, used to assess the effect of chloride and sulfate ions on an installation,
is expressed by the following formula:

[CI7] + 2:[5042]

S =
! [HCO;"]

(4)

where [Cl7] is chloride concentration (mol/m?®), [SO427] is sulfate concentration (mol/m?),
and [HCO; ] is bicarbonate concentration (mol/m3).

If the value of S is greater than 1, there is a likelihood of accelerated local corrosion of low-alloy
iron materials. This is due to oxygen content greater than 0.1 g Op/m>. If the coefficient attains a
value greater than 3, this means that the water has corrosive properties vis-a-vis galvanized steel,
with possible local corrosion.

e The S; indicator assessing the occurrence of selective corrosion in hot-dip galvanized iron pipes,
as used to assess the possibility of intercrystalline corrosion of zinc, where water has an elevated
content of NO3~ ions, and based on the following formula:

[CI] + 2:[50,2]
[NOs7]

©)

2 =

where [NO;~] is nitrate concentration (mol/m?).

Selective leaching of zinc is present when the value of this ratio is below 2. The phenomenon
occurs along the grain boundaries of zinc.

e The S; evaluation index for the occurrence of pitting corrosion in pipes made of copper,
used to assess corrosiveness in the case of an installation made of copper and described by
the following formula:

[HCO;37]

G = 2 ¢
7 5042

(6)

The risk of copper-pitting corrosion is high when the value of the indicator is under 2.

3.3.2. Criteria for Assessing the Corrosion Resistance of Individual Materials

Table 2 summarizes the criteria used in assessing the corrosion resistance of individual materials.

Acid-resistant steel has the most limited requirements, with indices being basically of no
significance as only the content of chloride ions is important. At the other extreme, hot-dip galvanized
iron is problematic, given the need for matches in the case of 4 of the 6 indices.
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An additional criterion for assessing the corrosion resistance of materials is their alkalinity.
The water of alkalinity below 1.36 mol/m? is aggressive, regardless of the values assumed by other
indices. In the case of the H,S parameter, there is a lack of guidelines as to the value for the indices at
which corrosion of individual installation materials will not occur.

Table 2. Values of indicators at which corrosion of individual installation materials will not occur
(based on [22-26,35,36]).

Parameter
Type of Installation Material
Iy Ig S1 S2 S3
Copper and its alloys - - - - >2
Hot-dip galvanized iron >-0.5 - <3 <2 -
Stainless steel >0 - <1 - -
Acid-resistant steel [C17] < 6 mol/m3
Cast iron - - <1 - -
Low-alloy steel >0 - <1 - -
Nonalloy steel >0 <6 <1 - -

4. Results and Discussion

4.1. Corrosiveness Indices for Bottled Mineral Waters

Using the formulae presented in Section 3.3.1. The following corrosion indices were calculated
and are presented in Figure 2.
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(a) (b) (0) (d)

Figure 2. Indices for the corrosiveness of bottled mineral waters. Box plots for (a) the Langelier
index—Iy, (b) the Ryznar index—Ig, (c¢) Sq, and (d) Ss.

In the case of the (S;) index assessing the occurrence of selective corrosion in hot-dip galvanized
iron pipes, 12.8% of all tested waters obtained results above 1.84, with a maximum of 1300.35 reached.
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4.2. Results for Assessment of the Resistance of Installation Materials to the Corrosive Effects of Mineral Waters

Based on the collected data and the results of corrosion indicators, an assessment was made of the
resistance of installation materials to the corrosive effects of the mineral waters discussed in this work.
The materials evaluated were copper, galvanized iron, stainless steel, acid-resistant steel, cast iron,
low-alloy steel, and nonalloy steel.

Table 3 presents the assessment of the resistance of installation materials to bottled mineral waters.
All values for the indices are contained in the table in Appendix A (Table A3).

Table 3. Values for indices at which corrosion of individual installation materials will not occur—a
snapshot of all the waters analyzed.

Place of Exploitation/ Installation Material

Name of Source Copper Galvanized Iron Stainless Steel Acid-Resistant Steel Cast Iron Low-Alloy Steel Nonalloy Steel
1th sample v X v vV vV vV X
2nd sample Vv vV Vv vV vV Vv X
3rd sample v X v vV vV vV X
77th sample X X X v X X X
78th sample v vV v vV Vv Vv Vv

* y/ means the possibility of using installation materials, and X means the lack of such possibility.

As can be seen in Appendix A (Table A3), the results showed that it would be possible to
use all types of installation materials in only five of the analyzed cases, namely, Podkarpackie
(pH = 9.2, with general mineralization 837 mg/L); Malopolskie, source: T-11I, T-IX, P-VI (pH = 7.5, 1249);
Malopolskie, source: Z-2, Z-3, Z-3a, Z-8 (pH = 7.89, 1560); Dolnoslaskie, source: P-300a (pH = 7.6, 2190);
Malopolskie, source 2, (pH = 7.54, 924) and Malopolskie, source: Z-3, Z-3A (pH = 7.89, 1023). There
were only two cases where none of the installations examined would be appropriate for use, namely,
Kujawsko-Pomorskie, 19a (pH = 6.31, 3417 mg/L) and Malopolskie, source: W-12, W-24 (pH = 6.06,
1973 mg/L).

Figure 3 presents in bar form the number of cases in which it is possible to use a given material,
and the number in which use is (or should be) impossible.

Acid-proof steel emerged as the most comprehensive material as it could be used in 33% of all
cases. Following it in the list were iron (17%) and copper (15%). The materials with the lowest use
were nonalloy steel (3%) and hot-dip galvanized iron (8%).

The most typical installation materials for water supply systems are polyvinyl chloride (PVC),
polyethylene (PE), and polybutylene (PB) plastics. Fiberglass pipes are also used in the case of
thermal waters. Plastics have gained widespread use due to the absence of corrosiveness as a criterion
underpinning their selection. However, components of the above polymer installations are seen as a
source of nutrients for bacteria found in water transmission systems. The result of their metabolic
activity is the formation of a biofilm in the internal parts of ducts, which then assume the appearance
of having been affected by microbial corrosion [37,38]. Previous studies [15,39] have indicated the
importance of the selection of pipe material in water systems with high corrosiveness, among others,
on the basis of water quality parameters, such as pH, alkalinity, and calcium hardness. The presented
approach has been proven to be suitable for assessing the corrosive properties of mineral waters,
as confirmed by analysis shown in [40,41]. The mentioned research shows the need for the broad
characterization of mineral water compositions, including their aggressiveness concerning different
materials, using the analyzed indices, which in turn will help to establish criteria for categorizing
stability of the water [42,43]. The development of material science is dynamic, and its effect is the
production of increasingly new materials, which are systematically introduced in the construction of
water supply networks [44,45]. When introducing new materials for the construction of water supply
networks, it should be taken into account that these materials require a completely new approach at
the planning stage of construction, the construction itself, or during testing of the condition of the
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water supply network in comparison with the materials used so far [12]. Such tests take time and only
after a long period of use will it be possible to determine exactly to what extent they affect the quality
of the transported water.

Plastics are prone to fouling by microorganisms, so those choosing this type of installation for
aggressive mineral waters will need to recall the possibility of secondary microbial contamination and
the appearance of corrosion.

5.06%

\

49.28%
94.94%

= No = No = No

(©) (d)

50.67%

= No ® No = No

(e) () (8

Figure 3. Percentage of the possibility of using installation materials at which corrosion of individual
installation materials will not occur. Type of installation material: (a) copper, (b) galvanized iron,
(c) stainless steel, (d) acid-resistant steel, (e) cast iron, (f) low-alloy steel, and (g) nonalloy steel.

5. Conclusions and Perspectives

To this date, there have been no legal recommendations regarding assessment of the corrosiveness
of water by supply companies, spas, and bottling plants. Such a procedure could do much to help
designers choose the right installation without exposing the client to additional operating costs and
even the need to replace corrosion-damaged pipes. There would certainly be a positive effect on the
lifespan of pipes as well as the quality of the water itself.

This work makes it clear that a duty to assess corrosiveness should be imposed by law on
institutions distributing mineral waters. Polish mineral waters are aggressive waters, as evidenced by
the fact that 8% of the types considered were too aggressive to gain use in association with the materials
analyzed. Equally, it needs to be recalled that the use of cheaper and theoretically noncorrosive
materials may emerge to be uneconomical and may indeed give rise to entirely unexpected phenomena.

Operators should be involved in the design of water distribution systems and installations using
appropriate materials to ensure an adequate level of safety from the water source to the recipient.
It should be noted that it is necessary to adapt the internal material of the water supply system to the
water parameters. There is currently no correlation between the design phase and the water parameters.
It was found that in order to protect the water infrastructure, which is a critical infrastructure,
water supply company should place more emphasis on the distribution of stable water that has no
potentially corrosive properties. In perspective, some suggestions will be made regarding protection
of the water distribution system and its safe operation as well as the long-term durability of water

supply pipes.
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Appendix A

Table Al. Properties of selected bottled mineral waters—some results from all of the analyzed waters.

No. of pH Ca** HCO;3"~ Cl- S04%- NO;~
Sample - mg/L mg/L mg/L mg/L mg/L
1 7.1 110.92 1216 48 160 0.00000
2 7.6 94.2 260.1 15.5 24.5 0.00645
3 7.4 72.14 421.5 180.7 17.28 0.00000
4 7.1 119.28 378.31 31.91 140.4 0.00000
5 7 70.86 514.07 17.73 40 0.00000
6 6.49 222.8 1256 6.5 29.5 0.00000
7 7.1 148 522 21 1.3 0.04677
8 7.6 447 0 17.7 125 0.00000
9 55 90.18 512 1.56 19.8 0.00000
10 6.7 68.3 271 3.2 29.2 0.00161
11 7.5 17 237.97 4147 122 0.00000
12 5.4 97.19 311.19 13.1 50.2 0.00000
13 7 159.1 613 28.23 51.7 0.00000
14 6.31 210 1500 8.5 19 0.00000
15 7.4 59.12 190.6 53 14 0.00000
16 6.5 84.17 415.53 53 0.00000
17 6.64 104.3 897 146 16.14 0.00000
18 7.7 90.68 270 8.2 57.3 0.00000
19 - 157.31 450.5 496.3 179 0.00000
20 6.5 60.12 107.39 42.89 160.48 0.00000
21 9.2 10 357.8 26.4 7.81 0.00000
22 7.2 66.9 342 7.5 37.3 0.00161
23 - 71.14 331.9 10.3 52.05 0.00000
24 7.2 87.7 387.5 7.4 - 0.00000
25 57 86.97 360.01 5.32 12.6 0.04032
26 8.32 42.08 378.5 8.86 46.5 0.00000
27 7.6 41 219 2 37 0.04677
28 7.5 160 1074 6.3 16.2 0.00000
29 6.1 340.4 1510.2 7.3 45 0.00000
30 6.16 436.87 1818.34 8.86 19.58 0.00000
31 6.31 17411 470.44 1659.2 55 0.00000
32 7.3 76.15 500.3 113 10.58 0.00323
33 6.5 152.3 222.59 89.3 192.38 0.00000
34 8 196.39 499.7 301.3 85.08 0.00000
35 74 456.5 1836 5.6 3 0.00000
36 6.5 657.3 2440.7 53 50.9 0.00000
37 6.5 302.6 1280.6 129 40.53 0.00000
38 5.6 206.1 1158 - 3 0.00000
39 6.3 208 1289 129 21.8 0.00000
40 6.5 228.6 1479.9 17.7 16.3 0.00000
41 6.4 234.7 3060 16 52 0.00000
42 7.5 110.2 453.7 9.2 - 0.00000
43 7 96.2 396.6 - - 0.06452
44 7.96 66 251 5 8 0.00000
45 7.3 68.14 253.71 10.98 11.32 0.00000
46 6.17 155 1147 7.8 17 0.00000
47 6.62 123 330 38 91 0.00000
48 7 130.3 539.1 - - 0.00000
49 7.5 88.98 414.92 5.32 29.24 0.00000
50

7.59 46.67 187.9 115.2 1425 0.00000
6.3 180 1260 - 30 0.00000

Qa1
—
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No. of PH Ca*t HCO;- - 5047~ NO;-
Sample - mg/L mg/L mg/L mg/L mg/L

52 6.4 161.1 625 28.61 51.6 0.00000

53 6.81 120 927 27 100 0.00000

54 6.5 218 866 2 14 0.00000

55 7.55 92.18 418.95 3.8 - 0.00000

56 7.52 94.2 246 11.6 90.12 0.00000

57 7 97.2 440 36.2 20 0.00000

58 7.5 103 403 7.1 35 0.00000

59 7.89 152.7 1141 7 17.4 0.00000

60 7.4 107.2 334.8 39.7 97.68 0.00000

61 5.82 165.38 737 7 32 0.00000

62 6.3 124 529 6.6 32 0.00000

63 6.09 220.4 1147.4 6.9 20.2 0.00000

64 6.71 57.9 148 9.48 29 0.00000

65 5.5 319 1639 2.7 30 0.00000

66 7.6 309 1590 2.9 30 0.00000

67 7.6 82.16 344.3 41.48 84.48 0.00000

68 7.6 84.17 325.8 6.75 37.04 0.00000

69 6.4 166 613 31 55 0.00000

70 74 117 295 26.7 48.8 0.04677

71 74 76.95 390 10.3 1.6 0.00000

72 7.54 184.4 705.6 6.4 27.8 0.00000

73 74 62.12 416.8 131.2 15.43 0.00000

74 7.59 98.2 365.1 32.3 84.97 0.00000

75 6.06 142.5 1665.8 319.1 115 0.00710

76 5.1 50.2 341.7 7 22.8 0.01135

77 6.74 40.08 183.05 37.23 19.1 0.00000

78 7.89 114 729.5 9 26 0.00000

Table A2. Values of A-D coefficients and for calculating pHs.
Dry Residue A Temperature B The Content Of Calcium c General Alkalinity D
[mg/dm?3] [°cl [mgCa?*/dm?] [mval/dm?]

50-400 0.1 0-1.1 26 40-44 06 0.20-0.22 1.0
400-1000 0.2 2.2-5.6 2.5 4.8-52 0.7 0.22-0.26 1.1
- - 6.7-8.9 24 5.6-6.8 0.8 0.28-0.34 12
— - 10.0-13.3 2.3 7.2-8.8 0.9 0.36-0.44 13
- - 14.5-16.7 22 9.2-10.8 1.0 0.46-0.54 1.4
- - 17.8-21.1 2.1 11.2-13.6 11 0.56-0.70 15
- - 22.2-26.7 2.0 14.0-17.2 1.2 0.72-0.88 1.6
- - 27.8-31.1 19 17.6-22.0 1.3 0.90-1.10 1.7
- - 32.2-36.5 1.8 22.4-27.6 14 1.12-1.38 18
- - 37.8-43.3 1.7 28.0-34.8 15 1.40-1.76 19
- - 44.4-50.0 1.6 35.2-44.0 1.6 1.78-2.20 2.0
- - - - 44.4-55.2 17 2.22-278 21
- - - - 55.6-69.6 1.8 2.81-3.52 22
- - - - 70.0-88.0 19 3.54-4.40 2.3
- - - - 92.0-109 20 4.60-5.40 24
- - - - 112-136 21 5.60-7.00 2.5
- - - - 140-172 22 7.20-8.80 2.6
- - - - 176-220 23 9.00-11.0 27
- - - - 224-276 24 11.2-13.8 2.8
- - - - 280-348 25 14.0-17.6 29
- - - - 352-400 26 17.8-20.0 3.0

Table A3. Values for indices at which corrosion of individual installation materials will not occur—a

snapshot of all the waters analyzed.

No. of Sample

Installation Material

Copper  Galvanized Iron Stainless Steel ~ Acid-Resistant Steel ~ Cast Iron Low-Alloy Steel ~ Nonalloy Steel
1 v X v v v v X
2 v v v v v v X
3 M X v v v v X
4 v X X v v v X
5 v X X v v X X
6 X X X v X X X
7 v X v v v N X
8 v - - v v : -
9 X X X v X X X
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Table A3. Cont.

Installation Material

No. of Sample
Copper  Galvanized Iron Stainless Steel ~ Acid-Resistant Steel =~ Cast Iron Low-Alloy Steel ~ Nonalloy Steel

10 X X X v X X X
11 N, X X N N X X
12 X X X \/ X X X
13 v X v v v v X
14 X X X \/ X X X
15 N X X N N X X
16 - X X N X X X
17 X X X \/ X X X
18 N N X N N X X
19 - - - X - - -
20 X X X \/ X X X
21 v v v v v v X
2 N X X N N X X
23 - - - N - - -
24 - X X N N X X
25 X X X N X X X
26 v v v v v v X
27 v v X N N X X
28 v v v v v v v
29 X X X \/ X X X
30 X X X \/ X X X
31 X X X X X X X
32 v X v v v v X
33 X X X \/ X X X
34 N X X X X X X
35 v X v v v v v
36 X X N N X X X
37 X X N N X X X
38 X X X N X X X
39 X X X N X X X
40 X X N N X X X
41 X X v N X X X
42 - v v v v v X
43 - X X N N X X
44 v X v v v v X
45 v X X N X X X
46 X X N N X X X
47 X X X \/ X X X
48 - X X N N X X
49 v v v v v v X
50 X X X N X X X
51 X X X N X X X
52 X X X \/ X X X
53 X X N N X X X
54 X X X N X X X
55 - v v v v v X
56 v v v v v v X
57 N X X N N X X
58 - - - N - - -
59 v v v v v v v
60 - - - N - - -
61 X X X \/ X X X
62 X X X \/ X X X
63 X X X N X X X
64 X X X \/ X X X
65 X X X \/ X X X
66 v v v v v v v
67 v v v v v v X
68 v v v v v v X
69 X X X N X X X
70 v v v v v v X
71 v X v v v v X
72 v v v v v v v
73 v X X N N X X
74 v v v v v v X
75 X X X X X X X
76 X X X \/ X X X
77 X X X N X X X
78 v v v v v v v
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