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Abstract

By extensive studies with the quantitative status of the mineral constituents of
thousands of water samples, it was found that almost in all natural waters
irrespective of the surface or sub-surface sources, minimum 99.5% of the total
amount of the cationic constituents are generally the contributions of 3 commonly
present parameters viz. Ca, Mg and Na and that of the anionic species are same and
contributed by HCO,, Cl and 3O, only. In the field of water works, all these major
mineral substances are conventionally measured as their individual ions. But till
now, no reliable and generalised methods or rules have been developed for the
determination of the exact kinds of the individual salt components and their
amounts from these ionic constituents normally preseni in water. As salt content,
only the TDS (Total Dissolved Solids) parameter is frequently measured by
evaporation of the water sample. But TDS can tell nothing about the kinds and
amounts of the individual salts present in it. Consideriny the analytical importance
of the estimation of the mineral substances as their individual salts, some
generalised mathematical models have been developed by this research which are
based on the 'hypothetical order of chemical combinations' as may occur among
the ionic constituents. With the help of these models, one can easily assume the
most probable salts with approximate quantities derived from the ionic

~ constituents. In addition, approximate amount of Na content can also be estimated
mathematically with simultaneous verification of the correctness of the water
analysis results. The models are stated in this paper with practical illustrations and
(Escriptions of the method of applications.

Introduction dissolved impurities, of which, the universal presence

of different raineral substances such as Ca, Mg, Na, K,

All natural waters irrespective of the surface and Fe, HCO;, C1,50,4, NO;, $i0, etc. are quite common.

sub-surface sources contain various Kinds of  pegides more other elements may also be present. But
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they are very small in quantities and hence normally
ignored in industrial water treatment field. By
extensive studies on the quantitative status of the
mineral substances, it was found that almost in all
natural waters, minimum 99.5% of the total amount
of the cationic species are the summation of only 3
particular constituents which are Ca, Mg, and N}a 1.
Similarly, 99.5% of the total anionic species are the
contributions of only HCO3, Cl and SO4 [1]. These 6
parameters are known as major minerals of natural
water significantly encountered in industrial water
analysis and Deionization Process [2,3]. Absence of
any one of these major constituents in water analysis
report is a big shortfall and for which it is difficult to
ascertain the quality characteristics the water and to
verify the correctness of the analytical results {4].

All dissolved mineral constituents exist in water
in ionic state and which are also conventionally
estimated as ions. From these ionic results, it is not
easy for one to conclude — what are the exact kinds
and quantities of the individual salt components
present [4] ? Only TDS parameter is measured by
conventional evaporation method but it can tell
their
quantities. Whereas identification of the individual salt

nothing about any individual salts and
componernts is a significant aspect of water analysis.

No reliable and generalised methods or rules
have been developed for finding out the above.
Although some attempts were taken long ago by
some water analysts to solve the problem
mathematically [5], the method found valid only for
some specific cases. Considering the application limit
of the method and analytical importance, some
generalised mathematical models have been
developed and formulated by this research in the light
of the aforesaid quantitative status of the major
minerals. The most fundamental principles of these
models are based on the "hypothetical order or
priority of the chemical combination” assumed to be

occurred among the major ionic constituents. The

models can be used as 'thumb rules' for the following
purposes of water analysis.

1. Quantitative derivation of the most probable
salts.

2. Estimation of the approx. amount of Na
content mathematically.

3. Verification and assurance of the correctness
or accuracy of the test result of the said major
mineral constituents.

Principles

(a) For Sodium (Na"') Estimation.

Total Salts (meq/l) = £ M, = M, ... (A)
IM, = EMy (B)
Qua =M, - TH .. ©

where, M, -~ major cations (i.e. Ca+2, Mg+2

and Na™).
Ma — major anions (i.e. HCO3—, CI™ and SO4'2).

+2

TH - total hardness (i.e. Ca*2 + Mg*?).

Qua — quantity of Na*.

[ In industrial water treatment field, Na is very often
expressed as Na&K together [7] or vice versa. Since K is
normally absent or trace level in water except sea source,

hence it is ignored and only Na is encountered. ]

(b) For Salt Derivation.

The newly developed mathematical models for
salt derivation are based on 4 fundamental principles
viz.

1.  Most probable priority of chemical
combinations according to the following
hypothetical order {5].
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Cations :
Na* < OH >CI">HCO3™>S0,72> NO,~
cat? HCO,™>50,72>CI”
Mg*? « HCO,™>CI™> 50,72
K' < CI>NOy™>50,72

Fe*? < HCO;™>Cl™> 50,72

Anions :
OH < Na*>Mg*2>cat2
cr « Nat>Mgt2>cat2>K*
HCO;™ < Ca™2>Mg*?> Na* > Fe*?

“»

$0,7% < Mg"?>cat?sNat

NO;~ < K'>Na">Ca*?

2. Maintenance of the ionic balance i.e. total
cation concentration must be equal to total

anion concentration {2,5,6] in the same unit
(meqg/1 or ppm as CaCOS).

3. Total salinity concentration must be equal to
total cation or anion concentration in the same
unit.

4.  No residual or negative balance of any cationi¢
or anionic species should exist after computing
for the salts resulting from the above order of
the chemical combinations assumed.

(¢) Rules for Salt Derivation and Estimation .

RULE - 1 (WHEN TH = M-ALK)) :

1. Estimation of Alkali Compound as NaOH
(if p—alk present in water sample).

= Qg e (1.1

QNaOH ~ quantity of NaOH.

QNaoOH

where,

Qp—»alk — quantity p-alk .

'Vol. 8, No. 4. 1995

Then, RNa = QNa - Qp—alk .............. (1.2)

where, Ry, is the residual quantity of Na which

will combine with chloride (Cl) to produce NaCl
either as in eq. 2.1 or 2.3.

2. Estimation of Cl-salt as NaCl.
(i) Case-I : when QCI = RNa'

QNaCl = RNa or QNa (if p-alk absent) .. (2.1)
where, QNaCl is the quantity of NaCl and RN a

is the first residual quantity of Na after

combining with p-alk as in eq. (1.2).

RCl - first residual quantity of CI™ after
combining with Ry, asineq. (2.1) and which
will combine with Mg to produce M gCl2 salt as

in eq. (3.1) or (3.3).

(ii) Case — II : when QCl < RNa or QNa (if p-alk
absent).

Here, second residual quantity of Na after combining
with QCl is calculated as follows :

R'Ng = Rya— Qoo (2.4)

where, RINa is the second residual quantity of
Na which will now combine with SO, and/or
NOj as given by eq. (9.1) and/or eq. (10).

3. Estimation of CI - salt as MgCl >
(i) Case ~1: when QMg 2 RCl‘
QMgc12 = Rgy wreevrenins @3.1).

Qm gCl, ~ quantity of MgCl,.
R -~ first residual quantity or Cl after
combining with Ryja or Qg

where,
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Here, the residual quantity of Mg after combining
with Cl is calculated as follows.

Rpgg= Qg — Rep - (3.2).

where, R, , — first residual quantity of Mg
which will combine with SO, as in eq. (4.1) or

(4.3).

QM g~ initial quantity of Mg in water sample.
(ii) Case II : When QMg <Rgy

QMgClz = Qg e (3.3).

Here, the second residual quantity of CI™ after
combination with Mg is calculated as follows.

R'Cl = Rey - QMg ....... 3.4).

where, R’Cl — second residual quantity of Cl

after combination with Mg (in eq. 3.4) which
now further combines with Ca to produce CaCl,

(as in eq. 7). In such case, the Ca content in
water would be higher than CO4 and HCO3

constituents (i.e. mainly HCO3 - alkalinity).

Otherwise a 4th cationic constituent say,
Fe/Cu/Al/Zn or uncommon cationic species (if

any) is to be found by a quantity equivalent to
that of R’y

4. Estimation of SO 4- salt as MgSO 4.

(i) Case -1: When QSO4 2z RMg'
QMgSO4 = RMg ....................

where, QMgSO4 - quantity of MgSO,.

RM g~ quantity of first residual Mg after
combining with RCl as in eq. (3.2).

Here, the residual quantity of SO, after combine with
Ry g is calculated as follows.

Req = Qory = Rage oo @.2).
so, = ¥s0, ~ Mg

where, RSO4 — first residual quantity of SO,

which will
and/or (6.3).

combine with Ca as in eq. (6.1)

QSO4 - the initial quantity of SO, constituent
in the water sample.

(ii) Case II : when QSO4 < RM g

Qmgso i QSO4 ............... 4.3)

Here, the second residual quantity of Mg after
combination with SO, is calculated as follows.

Rvg = Rppg - QSO4 s (44)

where, R'M is the second residual quantity
of Mg which will be combining with RHCO3 as

in eq. (81.).

&, Estimation of HCOJ — Salt as Ca(HCO_,)z.

(i) Case —I: When QCa = m-alk (in absence of p—
alk).

Q = (Qryryy s (5 1)

Ca(HCOy), = Aco,

where, Q —~ the quantity of
Ca(HCO4), 9 y

Ca(HCO3)2 salt present in thc water sample.

QHCO3 — the initial quantity of m-alk. (only
CO, & HCOy).

Here, the residual quantity of Ca is then calculated as
follows.

RCa = Q(:a— QHC03 ........ (5.2).

where, R, - first residual quantity of Ca
which will be combining with RSO4 and/or R'Cl

as in eq. (6.1) and/or eq. (6.3).
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Q~, — the initial quantity of Ca measured in

water sample.

(ii)) Case ~ II: when, QCa < m-alk (if p-alk absent).

Qg (HCOS), = Qrg oo (5.3).

Here, the residual quantity of m-alk (only COoz &
HCO3) after combining with Ca is calculated as

follows.

Rico, = Quco, ~— Qcp (5.4)

where, RHC03 is the first residual quantity of

m-alk (i.e. CO3 & HCOS) which will be

combine with the last residual quantity of Mg
(i.e. R'Mg obtained in eq. (4.4) as in eq. (8.1).

6. Estimation of the SO 4 salt as CaSO '+

(i) Case — I: When R, = RSO4'

“ = R
Qu.so4 SO,
or, .
= Ry Gf Rso, = Rea

where, QCaSO4 — quantity of CaSO,
Rg 0, ~ first residual quantity of SO4 after

combination with Mg (obtained in eq. 4.1).

Here, the second residual quantity of Ca is calculated
as follows.

where, R’ is the second residual quantity of Ca
which will be combining with R’ (obtained in

eq. 44) asineq. 7.

(ii) Case — II : When RCa< RSO4

Vol. 8, No. 4. 1995

where, R, is the first residual quantity of Ca as
obtained in eq. (5.2).

Here, the second residual quantity of SO 4 is to be

calculated as follows.
R’ =R - R~ (64).
SO4 SO 4 Ca

where, R’ is the second residual quantity of
S0,

SO, which will be combining with R'N a

(obtained in eq. 2.4) as in eq. 9.1

7. Estimation of Cl-salt as C.nCI2 .

where, Qe — quantity of CaCl,.
2

R’ - second residual quantity of Cl as left
in eq. (3.4).

R'(, - second residual quantity of Ca
as obtained in eq. (6.2).
8. Estimation of HCOJ-salt as Mg(HCO 3) >

(i)Case -1 RHCO3 = R’Mg‘

CMmgrCO,), = Mg = Ruco,

where, R,Mg - second residual quantity of Mg

as obtained in eq. 4.4.

RHCO; — first residual HCO3 as left in

eq. (5.4).

(ii) Case — II : When RHCO3 > R’Mg‘
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In such case, the second residual HCO3 would
be--

R’y =R - Ry g i, (8.2).
HCO3 = “HCO; ™ “Mg
where, R’HCO3 is the second residual HCOS.

If second residual HCO3 is found to left in any water

sample analysis, then this will be combining with Na
as in eq. (4.2) of Rule — 2. For such type of water, it is
not suggested to apply Rule-1 but to be followed
Rule-2.

9. Estimation of SO rsalt as Na ZSO P

(i) Case-1 : When R‘SO4 = R’Na’

'y !

QNa,s0, = R'Na =
where, QN32804 — quantity of Na2804.

R'N a — the second residual quantity of Na as
obtained in eq. (2.4).

R'¢ 0,” the second residual quantity of SO, as

obtained in eq. (6.4).

(ii) Case — I : When R'SO4 < R'Na.

Q = Rlign o (9.2).
Na,SO, = 50,

But in such case, the third and last residual quantity of
Na is calculated as follows.

R”Na = R’Na - R,SO4 e (9.3).

. where, R"Na is the third and last residual

quantity of Na which will be finally combining
with NOgy or other minor anionic species (if

any) as in eq. (10).

10. Estirmgation of N034alt as NaNO 5
QNaNo, = R'Na =

where, QNaNO3 is the quantity NaNO,
subjected to the presence of NO; in the

analysed water sample. Which has been termed
as QNO3'

RULE-2 (WHEN TOTAL HARDNESS < M-ALK)

L Estimation of Alkali Compound as NaOH
(if p—-alk present in water sample).

QNaOH = Qp-alk - D

where, QNaoy 18 quantity of NaOH.

Then, RNa = QNa“ Qp—alk .............. (1.2)

where, Ryya — residual quantity of Na which will
be combining with HCO,, Cl and 30,

Q — quantity p-alk.

p-alk

2. Estimation of HCO 3-salt as Ca(HCOJ)Z.
(i) Case - I : When QHCO3 > QCa.
QCa(HCO3)2 = Qg o @.1.
where, QC a(HCO3 )2 - quantity of Ca(HCO3)2.

Qc, — initial quantity of Ca as in water sample.

Here, the residual quantity of HCO3 may be

calculated as follows.

RHCO3 = QHCO3 - QCH .............. (22)
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where, RHCO3 — first residual quantity of

HCOj left after combination with Ca and which
will be combining with Mg, Ry, and Fe (if any
more HCO; is present). However, the residual

HCO3 will first combine with Mg as in eq. (3.1).

QHCO3 — initial quantity of HCO; in water.
(ii) Case - II : When QHCO3 < Qg -
QCa(HCO3)2 = Aco,

Here, the residual quantity of Ca is calculated as
follows.

Rca = Qca~ Qnco,

where, R~ is the first residual quantity of Ca
which will be then combining with Cl and SO

shown later on.

3. Estimation of HCO, salt as Mg(HCO,) »

(i) Case - 1: When RHCO3 b-1 QMg'

QMg(HCO3)2 = QMg ..............

where, QMg(HCO3)2 — quantity of

Mg(HCO3), salt.
Qu g~ initial quantity of Mg in water sample.

Here, the second residual quantity of HCO; is
calculated as follows.

R'ico, = RuCO, ~ Qmg -

where, R'HCO3 — second residual quantity of

HCOg left after combination with Mg which
enters into further combination with Ry and Fe.

Vol. 8, No. 4. 1995

(ii) Case - 11 : RHC03 < QMg'
QMg(Hc03)2 = RHCO3 ............ (3.3).

where, RHCO3 is the first residual quantity of

HCO4 remaining in excess as in eq. (2.2).

Here, the residual quantity of Mg is calculated as
follows.

RMg=

where, the RM g is the first residual quantity of

Mg left after combination with the residual
HCO4 as in eq. (3.4) and which will be

combining with Cl and SO 4 later on.

4. Estimation of HCO_, salt as NaHCO 3

(i) Case —1: When RHCO3 2 RNa'

QNaHCO3 = RNa = QNa (if p—alk absent)..... (4.1).
where, QNaHCO3 - quantity of NaHCO3 salt.

RNa — first residual amount of (Na) as in eq.
(1.1).

Qna- initial quantity Na in water sample.

Here, the third residual quantity of HCO3 is
calculated as follows.

where, R” - the third residual amount of
HCO4

HCOj constituent which will be combining with

Fe and will be balanced at this stage.

R'HCO3 — the second residual HCO3 as left

after combination with Mg as in eq. (3.2).
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QNaHCO3 = R:HCO3 ............. (4.3).

where, R'HC(S3 is the second residual quantity
of HCO3 as in eq. (3.2).

Here, the second residual amount of Na is calculated
as follows.

R'Na= RNa - Ruco,

where, R'Na is the second residual amount of
Na which will be combining with Cl and SO,

given in eq. (5.1 or 5.3) and eq. (10.1 or 10.3).

The residual amount (if any may combine with
NO3 as shown in eq. (11).

&. Estimation of Cl-salt as NaCl,

where, Q) — Propable quantity of NaCl salt.
Q) ~ initial quantity of Cl in water sample.

R’N a — the second residual quantity of Na

according to eq. (4.4).

Here, the residual quantity of Cl is calculated as
follows.

Rey = Qup= Rg oo (5.2).

where, RC] is the first residual amount of Cl
which will be combining with RMg as left in eq.

(3.4).

(ii) Case — II : When QCl < R'Na‘

Quact = Qqp oo (53).

Here, the third residual quantity of Na is calculated as
follows.

R”Na = R'Na— Qg oreeeneens 5.4).

where, R'Na is the third residual quantity of Na
which will be combining with R'g, as left in
4

eq. (9.2) according to either of eq. (10.1) or
(10.2).

6. Estimation of CI - salt as MgClz.

(i) Case - 1: When RMg -3 RC]'
QMgCI2 = Reyp oo 6.1).

where, RCl — first residual amount of Cl as
obtained in eq. (5.2).

QMgC12 ~ quantity of MgCl,, salt.

Here, the second residual quantity of Mg is calculated
as follows.

where, R'M is the second residual quantity of
Mg which will be combining with RSO4

(obtained in eq. 7.2) as shown in the eq. (9.2).
(ii) Case - I : When RMg < RCl'
QMgC|2 = RMg ......... (6.3).

where, Ry , g is the first residual quantity of Mg
as in eq.(3.4).

Here, the second residual amount of Cl is calculated

as follows.

Journal of the Korean Society of Anaiytical Sciences
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where, R’ is the second quantity of Cl which QCaC]2 = Rgy= Rigg v @.1).
will be combining with R~ (as ineq. 7.4)
At this stage of combination, both of the Ca and Cl

according to eq. (8.1) or (8.2). constituents would be exhausted and balanced.

7. Estimation ofSO‘-“It as CaSO‘ (ii) Case — II : When R'Cl > R'Ca'
(i) Case — I : When QSO4 2> RCa' QCaC12 = R'Ca ............... 8.2).
QCaSO4 = Ry e (1), where, QCaC12 is the quantity of CaCl, salt in
water.

where, Qras0 , — quantity of CaSO, salt .
4 Here, the third residual quantity of Cl is calculated as

QSO4 - initial quantity of SO, in water . follows.
R' = R =R, 83)
RC a~ first residual quantity of Ca as in eq. c ¢ Ca
2.4). where, the R”Cl is the third residual quantity of
. Cl which will be combining with Fe or any
Here, the residual quantity is calculated as follows. undetected trace cationic constituent. But
a possibility of such case is very rare.
Rso4 = QSO4 = Rpy e (7:2).

9. Estimation of SO ,~salt as MgSO 4.
where, RSO4 is the first residual quantity of stmatio s 4

SO, which will be combining with Ry (as in When Rgo, = Rivgg -
. 6.2). and R as in eq. 5.4) according t -

€q. 62) Na (a8 in €q. 54) ing to Q . ©.1.
MgSO, Mg

eq. (9.1) and (10.1).

where, — quantity of MgSO, salt r
(ii)c-se-n:WhenQSO4< Rey Qmgso, ~ quantity g50,, salt 1

water.
QCaSO4 = QSO4 """"""" (7-3). R'Mg — second residual quantity of Mg (as in
the eq. 6.2).
Here, the second residual quantity of Ca is calculated
as follows. Here, the second residual quantity of SO, is
R’ Ca™ RCa - QSO4 .................. (7.4). calculated as follows.
R’ = R = Rygg oo (9.2).
so, = Rso, ™ Rmq

where, R'(~, is the second residual quantity Ca

which will be combining with R'c) (obtained where, R'SO4 is the second residual quantity

eq 6.4) as shown in eq. (8.1) or (8.2). of SO, which will be finally combining and

& tlon of C tasCaCIz. balancing with RNa (obtained in eq. 5.4)

according to eq. (10.1 and 10.3).
(1) Case -1 : When R'CI > R’Ca‘

Vol. 8, No. 4. 1995
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10. Estimation of SO salt as Na,SO ,

_ (iii) Case — III : When all the quantity of Ca and Mg
(i) Case - I : When R'so4 = R\ are exhausted by prior combining with HCO5 and Cl
, , constituents, in such case,

QNa2504 = R'y\,= R SO, " (10.1). )
QN82304 = QSO4 =R Na = (10.4).
where, QNa2804 — quantity of Na2SO4 salt

assumed. 11. Estimation of NO ;-salt as NaNO .

R"\ja — the second residual quantity of Na.
Satisfying the major anionic constituents (HCO3'.
- ", . .
(ii) Case — II : When R'SO4 < R,Na‘ ClI” and SO 4 ) if any further residual quantity of Na

is left, then that quantity may be considered for

- R combining with NO, ™ constituent (if present) and the
QNaZSO4‘ RSO4 ................ (10.2). 8 3 (if present)

probable quantity of the salt is calculated from the

Here, the 4th residual quantity of Na is calculated as relationship as follows.

follows,

F{"'Na = R"Na— R'SO4 ............... (10.3).

where, Q is the quantity of NaNO, salt
where, the R™, is the 4th and last residual NaNO; ©3

quantity of Na which will be combining with present in water sample analysed.

N03 (if any) according to eq. (11).

Experiments And Results

Verification of the Validity of the Models by Analytical Results of Typical Water Samples.

Example-1 Example-2

Water analysis (Type : TH > m-alk). Water analysis (Type : TH < m—alk).

Cations, meq/l Anions, meqg/l Cations, meq/l Anions., meq/l
ca*? 70 p-alk :00 cat? 15 p-alk : 00
Mgt? 230 m-alk : 3.4 Mg+2 :23 m-alk : 8.5
TH 300 Cr- : 130.9 TH :38 CI- 137

+Nat 112 $0,72 :77 *Nat 87 $0,72 03

CMe =142 ] Ma=142 Mc = 12.5 T Ma =125

* [Here, Na' has been determined mathematically according to eq. (C) i.e. Nat = Mg - TH
ie 142-30=112 ; 125-3.8=87].

Journal of the Korean Society of Analytical Sciences
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Table—1 : Substitution of the analytical results of Example~1 in appropriate equations of Rule-1 and derivation

of the salts.
Most probable Equation applied for Quantity of salt Proportion of the
Salt assumed calculation assumed (meq/1) assumed salt (%)
NaCl Quaci=nig 9 2.1) 112 7887
MgCl, Qu 3CL2=RC1 (eq. 3.1) 189 1331
MgsO, Qy gSO4=RMg (eq. 4.1) 41 2.89
Ca(HCO,) =Q (eq. 5.1) 34 239
32 Ccagoc,),"%Hco,
CaSO4 QCaSO4=RSO4 (eq. 6.1) 36 254

Table-2 : Substitution of the analytical results of Example-2 in appropriate equations of Rule-2 and derivation

of the salts.
Most probable Equation applied for Quantity of sait Proportion of the
Salt assumed calculation assumed (meq/l) assumed salt (%)
Ca(HCO3)2 QC a(HCO3)2 = QCa .1 15 12
Mg(HCO?‘)2 QMg(HCO3)2 = QMg 3.1 23 184
NaHC03 QN aHCOB = RHCO3 3.2) 47 376
NaCl QN aCl = QCI 53) 37 29.6
Na,SO Q =Q (104) 03 24
5% Na,SO, = %50,

Discussion

The probable salt derivation and estimation may be
done by 2 ways of calculation designated as Rule-1
and Rule-2. Each rule consists of a series of
correlative equations termed as 'models' which have
been derived from the successive residual quantities
of the mineral constituents. Any one of the rules
should be followed. Right rule is selected for a
particular water sample according to the following
quantitative status of the total hardness (TH) and m—
alkalinity (normally HCO3' constituent).

TH>m-alk.
TH=m-alk.
TH<m-alk.

Vol. 8, No. 4. 1995

In the case of TH = m-alk, Rule-1 to be applied
and when TH < m-alk, then Rule-2 is applicable.
The other criteria for the derivation of each
individual salts have been explained in the respective
equations of the models.

For the application of appropriate models in finding
out the most probable salts and their concentrations,
the following factors must always be considered.

1. Right rule should be selected first according to
the above quantitative relation between TH and
m-—alkalinity.

2. Individual equations of the respective selected
rule to be applied.
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3. Appropriate successive equations should be
selected and systematically applied according to
the equation serial and residual quantitative
position of the available ionic concentration.

4. During determination of a specific salt
component, the condition of predominance
between the two constituents taking part in
combination must be noted carefully.

After the completion of calculations, if any
small residual cationic or anionic constituents still
remain(s) surplus, that should be discarded in view
of the combination of the undetected trace
constituents of opposite charges.

In the equations of Rule-1, the last residual
HCO3“ (after combining with Ca+2 would have to

be balanced with Na* to produce NaHCO, and with
Fe*? to form Fe(HC03)2. Such cases frequently

occur when m-alk > TH in any water [8,9].

The experimental results of the two typical
water sample analyses (Example-1 & 2) have
proved the validity of the models. Table-1 and
Table-2 give the guide lines for the application
procedure of the appropriate Rule and its respective
models.
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