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Abstract
A relationship between electrical conductivity (EC) and total dissolved solids (TDS)
was tested for solutions of same salinity levels with respect to different artificial salts
with their combinations. Results showed remarkable jumping at the order of the artificial salt sequence specially that of the magnesium type. A computer model is designed with an input of EC and TDS. The output will be the possible prevailing artificial salts. The accuracy of the model was tested by using the groundwater data of
Safwan-Zubair area south of Iraq and it proved to be significant at 95% matching.
The 5% unmatched results are due to the possibility of having more than one type of
prevailing salt.
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1. Introduction
Salinity is a measure of the amount of salts in the water, while total dissolved solids
(TDS) as salinity parameters are often calculated using laboratories test [1]. When salts
are dissolved in water, their ions dissociated and increased both the amounts of dissolved solids in the solution and their conductivity [2]. Electrical conductivity gives an
indication of the amount of total dissolved substitution in water [3]. The estimations of
total dissolved solids (TDS) content are based on electrical conductivity (EC) measurements [4].
Electrical conductivity (EC) for groundwater is the ability of 1 cm3 water to conduct
an electric current at 25˚C and is measured in micro Siemens per centimeter, so it depends on the total amount of soluble salts (TDS) as charged particles [5] [6] [7] [8].
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TDS ( ppm ) =
0.64 × EC ( μS cm ) =
640 × EC ( dS m )

(1)

Groundwater conductance is a function of type of present ions, types of dissolved
constituents and temperature [9]. Electrical conductivity is an indirect measurement of
salinity, and it is temperature dependent and good indicator of the total salinity, but it
does not provide any information about the ionic composition within the water sample
[10] [11]. The response of the conductance value to temperature changes is somewhat
varies for different salts and many concentrations. In dilute solutions however, for most
ions, an increase of 1˚C can increase conductance by about 2% - 3% [12]. It also increases with the increase of the total dissolved salts [13]. The variation of conductivity
gives important information on the evolution of water quality. Electrical conductivity is
a measurement to estimate the amount of total dissolved solids by factor of 0.55 - 0.90
for converting conductivity into total dissolved solids [14]. The spatial distribution of
EC is controlled by several factors and practices, which may cause salinity variation [8]
[15] [16]. Some of these factors are the depth of the collected samples, concentration
and type of concentration, mobility of groundwater, valence, temperature of water, type
of soil or rock leaching, the long term flow with high rates of discharge, and the distance between the recharge and discharge area [13]. The internationally accepted standard unit for reporting EC of water is deciSiemens per meter (dS/m). Note that this
standard unit was adopted recently. An older, equivalent unit often appears in water
quality reports from the 1980s or earlier which is: milliohms per centimeter. Although
the term “mhos” may at first appear strange, it was chosen by early researchers for reasons that involve physics. EC, as its name implies, is a type of conductivity—the opposite of resistivity, measured in ohms. Hence, for EC, researchers adopted the term
“mho”-“ohm” written backwards. Here is a quick summary of the various EC units you
might encounter when reading papers from the literature:

=
=
1dS m 1mmho
cm 1000μmho cm.

(2)

Units used for measuring electrical conductivity of water are MicroSiemens per centimeter µS/cm, millisiemens per centimeter (mS/cm) and DeciSiemens per meter dS/m.
Groundwater contains different of both ionic and uncharged species in various
amounts and proportions that constitute the dissolved solids. Thus it is not clear
whether specific conductance measurements can be used to obtain accurate estimates of
TDS. The electrical conductivity for absolute pure water is 0.055 μS/cm, distilled water
0.5 μS/cm, power plant boiler water 1.0 μS/cm, deionizer water 0.1 - 10 μS/cm, good
city water 50 μS/cm, drinking water 0.5 - 1 mS/cm, ocean water 53 mS/cm, 10% NaOH
355 mS/cm and 10% H2SO4 is 432 mS/cm [17].
Total dissolved solids term TDS describes all solids, commonly mineral salts that are
dissolved in water [18] [19]. There is a close relation between TDS and the electrical
conductivity [20]. As more salts are dissolved in water; the value of electric conductivity
becomes higher. The majority of solids, which remain in the water after filteration are
dissolved ions. Water of excellent purity without salts has a very low electrical conductivity (lennetech.com). Total dissolved solids TDS are differentiated from total suspended solids TSS, because the latter cannot pass through a filter of two micrometers
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and yet are called suspended in solution [21]. However, when the concentration of salt
reaches a certain level, electrical conductivity is no longer directly related to salts concentration because of ion pairs weaken each other’s charge, so that above this level,
higher TDS cannot result equally higher electrical conductivity. Electrical conductivity
can be converted to estimate total dissolved solids by using the following equation [13]:
TDS ( ppm ) =
0.64 × EC ( μS cm ) =
6.4 × EC mS cm =
640 × EC ( dS m ) .

(3)

Electrical conductivity for water is directly related to the concentration of dissolved
ionized solids in water. Ions from the dissolved solids in water are creating the ability of
water to conduct an electrical current. It can be measured by using a conventional
conductivity meter or TDS meter within about 10% accuracy, when correlated with laboratory TDS measurements.
Relationship of total dissolved solids and specific conductance for groundwater can
be approximated by the following equation (epa.gov):
TDS = keEC

(4)

where TDS is expressed in mg/L or ppm and EC is the electrical conductivity in microSiemens per centimeter or µS/cm at 25˚C. Correlation factor ke is between 0.55 - 0.8.
Rainwater has TDS about of 20 ppm or less. Fresh water of lakes, rivers, and groundwater is more variable, with TDS ranging from 20 - 1000 ppm. Brackish water is, by definition, water with TDS exceeding 1000 ppm and ranging as high as that of seawater, at
about 35,000 ppm.
Total dissolved solids TDS is the total amount of solids remaining when a water
sample evaporates to dryness [22]. Dissolved solids are those that pass through a filter
with 2.0 μm or smaller pores. A simple method for determining the concentration of
dissolved solids is to filter the water, evaporate the filtrate and weight the residue. The
TDS represents a total summation of ionic concentrations of cations and anions. It is
measured by the ppm or mg/l units [9].
The aim of study is to present a model clarifying the effect of the prime salt at same
salinity level on the values of the electrical conductivity. Also the effects of the presence
of difference artificial salts at same salinity level on the electrical conductivity. Finally
this model is programmed with input of electrical conductivity and total dissolved solids to predict the type of the artificial salt.

2. Materials and Methods
Preparation of different artificial salts at same level of salinity in five replicates was carried out. Salinity levels were taken from 500 ppm with 500 ppm increment up to 3000
ppm. Then the salinity levels were increased by 1000 ppm from 3000 ppm up to 7000
ppm. The electrical conductivity was measured by conductor meter at 25˚C for prime
salts and their combinations [23].
The statistical test (F, t) is applied for the predicted of TDS and the input TDS [24].

3. Results and Discussions
The obtained results for prime salt of chloride type started from top NaCl to KCl to
825
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bottom CaCl2 (Figure 1). At same TDS salinity Level, the EC values increase from bottom to top of the sequence. This means that for the same EC value the TDS increase
from top to bottom. All of the prime salts were below the mixed water type number 4.
The MgCl2 jumped out of the sequence. The MgCl2 artificial prime salt jump from the
chloride natural sequence to the sulphate sequence (Figure 2). The position is at the
end of the sulphate replacing the MgSO4 position which is the second jump type. Here
the value of the TDS at same level of EC will be from top to bottom increase. The sulphate sequence is of higher TDS than the chloride sequence at given level of EC. The

Figure 1. EC and TDS for prime salts 1, 2, 3 and first stage mixed salts 4.

Figure 2. Prime salts EC and TDS second stage.
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bicarbonate sequence (Figure 3) is characterizes by the KHCO3 top passes toward
Ca(HCO3)2 and then jumping to NaHCO3 and followed to the Ca(HCO3)2. The MgSO4
jumped from the sulphate to the bicarbonate sequence following the NaHCO3 and replacing the Mg(HCO3)2. The bottom of the sequence is Mg(HCO3)2.
The flow chart of such jump in the sequence of salts is shown in Figure 4. Also all
the artificial salts of the chloride type Na, K, Ca and Mg were mixed with the sulphate
and bicarbonate artificial salts combination. The obtained results showed that the EC
value is decreased from the mixing of Na2SO4 to K2SO4 passed to NaHCO3, KHCO3 and

Figure 3. Prime salts EC and TDS last stage.

Figure 4. Flow chart for the jump of EC at same salinity TDS with
different water type.
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ending by MgSO4. This is the same result of the obtained individual sequence. The TDS
will increase from top to the bottom and all of the sequence is higher in TDS values
than the sulphate at same level of EC. There is an overlap between the KHCO3 and the
MgCl2 in position (Figure 5).

4. Computer Model
The mixed salt relationship presented in Figures 1-5, and type curve number 4 is the
first point considered in the model. The calculated ECC by this type curve will be compared with the actual EC. There will be three conditions:
1) ECC < EC:
This is the condition of chorded artificial salt combination. Then Chloride Water
Type will be in action.
2) ECC > EC:
This is the condition of sulphate and bicarbonate artificial salts. The SOCH subroutine will be in action.
3) ECC = EC:
This is the ideal case of more than one prevailing artificial salt combination. The limits are taken for ±5% relative difference. This mean matching of 95%.

5. Conclusion
The prime salt of chloride group is of higher EC value than the sulphate water group
followed by the bicarbonate of same salinity. This sequence is changed when salt combinations are considered. For chloride and sulphate groups, the EC value decreases
from sodium to potassium and to calcium in a solution of same salinity. This order is

Figure 5. Prime artificial salts behavior with EC and TDS relationship.
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changed for bicarbonate group as the sodium bicarbonate salt is at the end of the sequence. The presence of the magnesium anion salts decreases the EC rapidly. The
MgCl2 follows the CaSO4 and the MgSO4 follows the NaHCO3 and this sequence is
ended by the Mg(HCO3)2. For the case that the magnesium is the prevailing cation,
then the EC value is less than expected. There are significant differences in the EC values of the prime salts in a solution of same salinity in the mixed state. This fact is due to
the behavior of the prime salts in a solution related to their stages of development and
interaction. The mixed stat position is between chloride and the sulphate water groups,
while the bicarbonate is still far away from the mixed condition. Thus it is not possible
to use any relation of a given basin to another basin without taking into consideration
the prevailing water type and salinity level. A computer model is built for the prediction
of the type of the hypothetical salt. The input data are the EC and TDS. The calculated
electrical conductivity ECC is according to the mixed condition of no prevailing salt.
The relation between the actual and the calculated electrical conductivity will determine
the type of prevailing salt.
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