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ABSTRACT

Scale and Corrosion are still the major water problems all over the globe. Langelier Saturation Index (LSI)
is generally used as an indicator of corrosivity and is an equilibrium model derived from the theoretical
concept of saturation which provides an indicator of the degree of saturation of water with respect to
calcium carbonate. Ryznar slightly modified LSI and found empirically that the actual pH was twice as
important as pHs in flowing systems. Another stability index is the Practical Scale Index or Puckorius
Scaling Index (PSI) attempts to quantify the relationship between saturation state and scale formation by
incorporating an estimate of buffering capacity of the water into the index. The present research was carried
out to study these water indices in the five selected tea gardens of Lakhimpur District, Assam and also to
study the impact of these indices on the water quality and public health. Computerized computations
based on the experimental facts is performed to construct a table for calculating LSI, RSI and PSI for ready
reference of common people. It was recommended that sample A4, A8 & B1, B2, B5, B7, B9, and B10 have
mild corrosion and require treatment. The other three samples A2, A6 and A10 also need treatment for
mild scale coatings. The study observes that the water used for bathing, drinking and other recreational
purposes need attention. A software generated original chart for balancing water is also developed with

recommendations.
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Introduction

Scale and Corrosion are still the major water prob-
lems all over the globe. The cost of corrosion can be
expensive. Corrosion can impact health, aesthetic
quality of drinking water, waste money, and dam-
age household piping and fixtures. The Langelier

Saturation Indexal (LSI), Ryznar Stability Index
(RSI), and Practical or Puckorius Scale Index (PSI)
were created so that the several factors which influ-
ence scaling or corrosion could be reported in a
single number. This number can be determined
from charts, tables, and graphs, but slide rules and
computer programs are also extensively utilized.
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We have suggested here a method for arriving at the
PSI, RSI and LSI. It is to be noted that water which is
“strong dissolving” for scale is also “corrosive” to
other metals.

The Langelier Saturation index (LSI) is an equilib-
rium model derived from the theoretical concept of
saturation and provides an indicator of the degree of
saturation of water with respect to calcium carbon-
ate (Langelier, W.F, 1936). It can be shown that the
LSI approximates the base 10 logarithm of the calcite
saturation level. The Langelier saturation level ap-
proaches the concept of saturation using pH as a
main variable. The LSI can be interpreted as the pH
change required bringing water to equilibrium ac-
cording to the equilibriums describing the dissocia-
tion of carbonic acid:

H,CO, =H*+ HCO,

HCO, =CO,> + H*

Interpretation of LSI (Carrier, 1965)

LSI Indication

2.0 Scale forming but non corrosive

0.5 Slightly Scale forming and corrosive

0.02 Balanced but pitting corrosion possible

-0.5 Slightly corrosive but non scale forming

-2.0 Serious corrosion

It simply indicates the driving force for scale for-
mation and growth in terms of pH as a master vari-
able. In order to calculate the LSI, it is necessary to
know the alkalinity (mg/1 as CaCQO,), the calcium
hardness (mg/1 Ca** as CaCO0,), the total dissolved
solids (mg/L TDS), the actual pH, and the tempera-
ture of the water (°C). LSI is defined as:

LSI=pH-pH,;

Where, pH is the measured water pH, pH_is the
pH at saturation in calcite or calcium carbonate and
is defined as:

pH = (9.3 + A +B) - (C + D) (Edstrom, 1998),

Where, A = (Log,, [TDS] - 1) / 10, B = -13.12 x
Log,, (°C +273) + 34.55, C = Log , [Ca** as CaCO,] -
0.4 and D = Log, [alkalinity as CaCO,].

Ryznar slightly modified LSI and discovered
empirically that the actual pH was twice as impor-
tant as pHs in flowing systems (Ryznar, 1944,
Liptak, 1974). This led to his stability index, RSI =
2pH-pH_. The Ryznar Stability Index provides a
closer correspondence between calculated predic-
tions and results obtained in the field, and conse-
quently has replaced the Langelier in many applica-
tions. When used in conjunction with the Langelier
Index, its effect is to severely limit the pH of the
saturated water. T. E. Larson expressed the opinion,
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based on experience, that water should have a
slightly positive Langelier Index, and that ideally
the pH should not exceed 8.6 (Larson, 1951).

Another stability index the Puckorius Scaling In-
dex (PSI) attempts to quantify the relationship be-
tween saturation state and scale formation by incor-
porating an estimate of buffering capacity of the
water into the index (Puckorius, 1983). Puckorius
uses an equilibrium pH rather than the actual sys-
tem pH to account for the buffering effects and
mathematically PSI =2 (pH,) - pH, Where: pH_is
the pH at saturation in calcite or calcium carbonate
and pH, =1.465 xlog, [Alkalinity] + 4.54.

This paper mainly focuses on the evaluation of
recreational water quality in and around the tea gar-
dens of Lakhimpur district, Assam with respect to
LSI along with necessary recommendations. An at-
tempt has also been made to construct a theoretical
water balancing chart.

Study Area

There are nine tea gardens in the district of
Lakhimpur, Assam. Lottery method was adopted to
select the names of five tea gardens as samples of
research, namely Harmutty, Silonibari, Johing, Dirju
and Koilamari. These gardens are situated near the
banks of river Dikrong and Subansiri respectively
(Figure 1).
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Methodology

Separate water samples are selected by random se-
lection and compiled together in plastic bottles to set
a representative sample. Temperature, pH and con-
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ductivity were determined quickly after sampling.
Samples were protected from direct sun light during
transportation. Analytical techniques as described in
“Standard Methods for the Examination of Water
and Wastewater” (Clesceri et al., 1992) were adopted
for analysis of Total Dissolved Solid (TDS), pH, Al-
kalinity and Hardness. Twenty samples were
analysed by taking two representative samples from
each sampling site during winter season (December,
2022). Then water indices were calculated by using
standard procedures. Computerized computations
based on the experimental facts were performed to
construct a table for calculating LSI, RSI and PSI for
ready reference. Water balancing chart was also
prepared with computer programming.

Results

Table 1.

Sample No. Source Location

A1, A3, A5, A7, A9 Supply Water Inside Tea Garden
A2, A4, A6, A8, A10 Tube Well Inside Tea Garden
B1- B10 Ring Well Outside Tea Gar-
den

Discussion and Summary of Findings

The ideal range for the Langelier or Saturation Index
(LSI or SI) is -0.5 to +0.5. Test values more negative
than -0.5 are considered corrosive and steps should
be taken to adjust the pH, total alkalinity or calcium
hardness, in order to avoid the effects of corrosion.
Test values higher than +0.5 are indicative of scale-
forming tendencies and steps should be taken to
adjust the pH, total alkalinity or calcium hardness,
in order to avoid scale formation and cloudiness. It
was observed that samples A4, A8 & B1, B2, B5, B,
B9, and B10 have corrosion and require treatment.
The other three samples A2, A6 & A10 also needed
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treatment for mild scale coatings. It is apparent that
the temperature at which the calculation is made has
considerable impact upon the results. The water
chemistry of the investigated samples is non - scal-
ing to corrosive at the temperature at which it would
be delivered from the source. If exposed to higher
temperature, it would deposit scale. It is also clear
that low and high Langelier Indexes can be raised or
lowered, to within -0.5 to +0.5, only by adjusting the
pH, the total alkalinity and the calcium hardness for
the samples whose LSI limits were found outside the
safe limit. While it is always possible to lower the
pH, it is not as simple with the total alkalinity or
calcium hardness. Lowering the total alkalinity usu-
ally lowers the pH as well. Lowering the calcium
hardness is not always possible, given the fact that
some water sources are filled with hard water. In
those situations, where the calcium level is high, at-
tention should be paid to lowering the pH and/or
total alkalinity as a means of improving the
Langelier Index. A high Langelier Index can lead to
scale formation, cloudy water, filtration problems,
heater problems, loss of chlorine efficiency and
bather discomfort. A low Langelier Index can result
in corrosion, bather irritation and discomfort.

Two tables (Table 4, Table 5) have been con-
structed by using computer programming for easy
calculation of LSI, RSI and PSI directly from their
experimental results. It has the advantage that one
can easily adjust their system variables viz. pH, tem-
perature, TDS, alkalinity and hardness of samples to
the safe limit without carrying out laborious math-
ematical calculations. This table also provides the
behaviour pattern of various system variables with
one another along with the necessary adjustment
required in their values to balance water with re-
spect to LSl advisable limit. The table gives the value
of pHs as:

Table 2.

Sample No Temp. (°C) TDS mg/1 pH Alkalinity mg/1 Hardness mg/1 LSI
Al 21 395 6.6 400 294 -0.35
A2 20 180 8.0 316 30 +0.97
A3 20 450 7.4 178 156 -0.20
A4 21 535 6.8 110 105 -1.17
A5 20 340 7.6 160 110 -0.19
A6 19 300 7.9 336 296 +0.84
A7 21 550 6.8 330 268 -0.29
A8 22 380 6.5 92 316 -1.04
A9 22 260 79 160 180 +0.37
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pHs =X -Y; Where X=93+A+Band Y=C+D

The difference between two system variable is
taken as 50 as for this difference the value for X and
Y is correct upto two decimal place. However, the
exact value can be obtained by adding the required
number as is given at the side and bottom of each
table.

Effects of water testing parameters on different
animal models

pH : Rodent models studies have shown that alter-
ations in drinking water pH had an adverse affect
both on host glucose regulation and the composition
of the gut microbiota as represented by Shannon’s
index. Analyses of within period effects showed a
significant enhancement in the relative abundance
of 9 OTUs that falls under order Clostridiales, fam-
ily Ruminococcaceae, genus Bacteroides, and spe-
cies Prevotella copri, signifying a potential effect of
qualitative or quantitative changes in habitual
drinking habits. When comparing the alkaline to the
neutral intervention, an increase in the concentration
of plasma glucose at 30 minutes and the incremen-
tal area under the curve of plasma glucose from 0 30
and 0 120 minutes, respectively, was observed. In
contrast to what has been reported in rodents, in
young male adults, it was observed that a change in
drinking water pH had no impact on glucose regu-
lation or the composition of the gut microbiota (Tue
et al., 2018).

In another study, exercise-induced dehydration
on people were allowed to consume electrolyzed,
high-pH water. Results revealed that subjects had
reduced high-shear viscosity by an average of 6.30%
compared to 3.36% amid standard purified water (p
=0.03). Other measured biomarkers (bioimpedance,
plasma osmolality and body mass change) revealed

Table 3.
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no considerable difference between the two types of
water for rehydration. Conversely, a mixed model
analysis validated the effect of high-pH water on
high-shear viscosity when compared to standard
purified water (p = 0.0213). The above study re-
vealed a significant divergence in whole blood vis-
cosity when assessed with a high-pH, electrolyte
water as against an acceptable standard purified
water during the recovery phase in subsequent
strenuous exercise-induced dehydration (Weidman
et al., 2016).

However a systematic review of the literature re-
vealed that there is no evidence that correlates an
association between alkaline water and a acid diet
load that may increase the risk of cancer and no
studies revealed that alkaline diet can be used as
preventive treatment for cancer (Fenton and Huang,
2016).

Alkalinity: Studies on one hundred postmeno-
pausal women when they are predisposed to os-
teoporosis (T-score < -2.5) and a control (n = 50
each) group. The intervention group received cal-
cium D (daily), alkaline drinking water (1.5 L daily
with pH 8.6, and Osteofos tablet (70 mg weekly),
whereas the control group received only calcium D
and Osteofos tablet for 3 months. Results after inter-
vention have shown that the mean T-scores of the
spine and femur bones significantly increased in
both the intervention groups (P < 0.05) and the con-
trol suggesting that drinking alkaline water elevates
spine T-scores in postmenopausal women with os-
teoporosis.

In another study, hydrogen-rich water (HRW)
and electrolyzed-alkaline water (EAW) were fed to
mice to evaluate the effect onhigh-fat-induced non-
alcoholic fatty acid disease. Compared to Rich Wa-
ter and L-HRW, H-HRW resulted in a lower in-

Sample No Temp. (°C) TDS pH Alkalinity Hardness LSI
mg/l1 mg/l1 mg/l1

B1 22 352 7.2 100 60 -1.02
B2 23 133 6.9 115 55 -1.24
B3 22 442 7.4 113 203 -0.25
B4 21 362 7.3 105 192 -0.42
B5 20 150 7.3 125 110 -0.56
B6 23 133 7.2 142 280 -0.14
B7 23 368 6.7 90 300 -0.85
B8 23 337 7.0 91 340 -0.49
B9 23 321 6.7 180 70 -1.18
B10 22 348 6.9 175 165 -0.64
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crease in fat mass (46% vs 61%), a decrease in he-
patic lipid accumulation (P < 0.01) and an increase
in lean body mass (42% vs 28%) (Jackson et al., 2018).

Logozzi et al. (2020) while working on the effect
of the daily intake of alkaline water on the molecu-
lar hallmark of aging (Telomeres length and
telomerase activity) and the anti-oxidant response.
After 10months, the levels of ROS, SOD-1, GSH in
the blood, the bone marrow and the ovaries, re-
vealed a reduced level of ROS and increased SOD-
1, GSH. Moreover the telomeres length and
telomerase activity in alkaline supplemented mice
also increased supporting the fact that watering by
using alkaline water supplementation greatly im-
proves aging at the molecular level.

Hardness: Simob et al. (2017) enrolled 80 partici-
pants, including both healthy individuals and pa-
tients with Alzheimer’s disease (AD), with and
without filaggrin (FLG) mutations. Each
participant’s skin underwent cleansing with sodium
lauryl sulfate (SLS) in water with varying degrees of
hardness and chlorine concentration. After cleans-
ing, the skin was rinsed and covered with chambers
to assess the impact of surfactant residues. Areas
washed with hard water showed a significant in-
crease in sodium lauryl sulfate (SLS) deposits. These
deposits led to a rise in transepidermal water loss
and induced irritation, particularly in AD patients
carrying FLG mutations (Cork et al., 2009).

The hardness of drinking water is crucial, impact-
ing both aesthetic preferences and operational con-
siderations. While some epidemiological studies
suggest a potential protective effect of magnesium
or hardness on cardiovascular mortality, ongoing
debates question the establishment of causality. Fur-
ther research is underway to clarify these relation-
ships. Nevertheless, drinking water remains a viable
source of dietary calcium and magnesium. This as-
pect could be particularly significant for individuals
on the borderline of adequate calcium and magne-
sium intake (Sengupta, 2013).

Recommendations

1. A positive index indicates a scale forming condi-
tion. Experience has shown that under these con-
ditions corrosion would still take place. The high
TDS level in case of bathing water can be re-
duced by dilution with fresh water. This intro-
duces a large quantity of fresh soft water. This, of
course, reduces the calcium hardness level. To
raise the calcium hardness level we can add cal-
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cium chloride. This of course adds to the TDS
level, requiring the introduction of more fresh
water again for lowering the calcium level.

2. A negative index indicates not only the signs of
corrosion but also grouts loss from the well or
pool tank. Alkalinity can be reduced by the addi-
tion of sodium bicarbonate which has a very little
effect on pH. The calcium hardness can also be
raised by the addition of calcium chloride or,
preferably a change of sanitizer to calcium hy-
pochlorite.

3. Itis strongly recommended that a householder or
new homeowner have the corrosivity of the wa-
ter tested at least once every few years. Corrosive
or Aggressive water could result in aesthetic
problems, increased levels of toxic metals, and
deterioration of household plumbing and fix-
tures.

4. The maximum pH at which favourable bathing
conditions can be maintained is around 7.6
(www.europa.eu.int). We have prepared a chart
(Table VI) by developing a formula for balancing
water. The chart is constructed by taking the TDS
as 500 mg/L (WHO, 2004, Trivedy, R.K, 1990 &
Train, R.E., 1979). Now, by determining either
hardness or alkalinity of water it is possible to
balance the water with respect to either alkalin-
ity or hardness at a temperature range of (10-45)
°C and pH in between 7-8.

Suppose calculated water hardness = X mg/L

Then according to our findings alkalinity of the

sample under investigation must have to lie within

the limit [Y /X, 10*Y/X], for it to be inside the safe

LSI limit i.e. (-0.5 to +0.5), where Y is the value that

is provided in the Table VI for the preferred tem-

perature and pH value. Similarly, by knowing Alka-
linity, we can calculate the Hardness range by
adopting the same procedure.

5. Corrosion control is a complex science, requiring
considerable knowledge of corrosion chemistry
and of the system being evaluated. Corrosive
water can be managed by installing pretreatment
systems, installation of non-conductive unions,
reducing hot water temperature, and replacing
copper piping with PVC. The pretreatment pro-
cess treats the corrosivity of the water by chang-
ing the Saturation Index through an increase or
decrease in the pH, hardness, and/or alkalinity.
The resultant Saturation Index is typically more
positive and preferably the LSl is in between -0.5
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to +0.5.

6. In addition to changing the LSI, one approach
includes establishing a thin film of calcium or
magnesium carbonate on the inside of the piping
which acts as a physiochemical barrier. The pre-
treatment systems typically used in application
for householders or small private water supplies
include either a neutralizing tank filter or caustic
liquid treatment feed system. One of the more
effective methods of controlling corrosion and
leaching of toxic metals into the water is preven-
tive, such as using dielectric couplings, installing
PVC piping, and stainless steel equipment
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