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A question

A water sample contains

40 g/L calcium ions Ca++

23 g/L sodium ions Na+

1 g/L of hydrogen ions H+

Which type of ion is most abundant?

Atomic mass units
Every atom and molecule has a mass

It is measured in atomic mass units

� 1 amu is approximately the mass of one hydrogen atom

� Carbon has a mass of 12 amu

� Oxygen has a mass of 16 amu

� Sodium has a mass of 23 amu

� Calcium has a mass of 40 amu

� Water (H2O) has a mass of 18 amu

The Siberian scientist Dmitry 
Mendeleev (1834-1907) systematised 

this information

The periodic table of the elements

This particularly clear version is 
from Los Alamos National 
Laboratory 
http://periodic.lanl.gov/index.shtml

Atomic number

Atomic mass
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The answer to our question

Calcium is 40 times heavier than hydrogen, so

40 g/L calcium  is exactly the same number of ions as 

23 g/L sodium ions Na+

1 g/L of hydrogen ions H+

In fact 40 g of calcium ions is 6 x 1023 ions 

23 g of sodium ions is 6 x 1023 ions 

1 g of hydrogen ions is 6 x 1023 ions 

Ca++

40 amu

H+

1 amu

A Mole

A Millimole

Moles and Millimoles

Moles

A Scaling Factor

A mole is simply a fixed (macroscopic) number of particles, 
namely 6 x 1023 particles per mole.

This is the number of particles in 1 g hydrogen atoms.
� Thus, 1 mole Na = 23 g
� 1 mole H2O = 18 g

Conc. in mmol/l = conc. in mg/l / molar mass

[mmol/l]= [mg/l]/[molar mass g/mol]

Another question

Sodium nitrate is a salt with the formula NaNO3

If Na = 23 atomic mass units, N = 14 amu and O = 16 amu

What is its molecular mass ?

What is the mass of 1 mole of NaNO3 ?

If you dissolve 85 mg of  sodium nitrate in 1 L of water 

NaNO3 ⇔ Na+ + NO3
-

What concentration of sodium ions and what concentration of nitrate 
ions do you get?
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Equivalents
One mole of calcium ions reacts with one mole of 

sulphate to precipitate gypsum:

� Ca++ + SO4
= + 2H2O ⇔ CaSO4.2H2O

but, two moles of sodium react with one of sulphate 
to precipitate mirabilite

� 2Na+ + SO4
= + 10H2O ⇔ Na2SO4.10H2O

Thus, one mole of calcium is equivalent in terms of 
charge to two moles of sodium

Equivalents
1 equivalent = 1 mole of charge

Conc. in meq/l = conc. in mmol/l x charge

[meq/l] = [mmol/l].z = [mg/l].z/[molar mass g/mol]

Thus 10.02 mg/l Ca++ (Ca = 40.08 g/mol)

= 0.25 mmol/l 

= 0.5 meq/l

11.5 mg/l Na+ (Na = 23 g/mol)

= 0.5 mmol/l

= 0.5 meq/l

Alkalinity
This is a constructed concept.

Alkalinity is 

� the capacity of a solution to neutralise acids

� the total (in meq/l) of basic species in a solution

Alkalinity = Σ [OH–] + 2[CO3
=] + [HCO3

–]

where [ ] = concentration in mmol/l

Alkalinity

Alkalinity is measured by a titration. 

� A known volume of sample is taken and stirred with 
a magnetic stirrer. A pH electrode is inserted

� A strong acid (hydrochloric or sulphuric) is added 
drop by drop until the pH has dropped to a given 
value, often pH 4.3

� The amount of acid (meq) required to neutralise one 
litre of water is calculated.
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Why pH 4.3 ?

After Stumm & 

Morgan 1996

At pH 4.3, almost all HCO3
-

has been converted to 
carbonic acid.

Alkalinity is cited in meq/L

Old unit is mg/L CaCO3

1 meq/L = c. 50 mg/L CaCO3

1 meq/L = c. 61 mg/L HCO3
-

CO3
= + 2H+ → HCO3

– + H+ → H2CO3 = H2O + CO2 

pH 
8.2

pH 
4.3

pH
pH is a measure of the activity of hydronium 

(hydrogen) ions (protons) in solution

pH = –log10(H+)

Thus, in water of pH=7, there are 10–7 mole/l 
hydrogen ions or 0.0001 mg/l.

In water of pH = 3, there are 10–3 mole/l hydrogen 
ions or 1 mg/l.

� It controls the 
solubility of 
elements,  
such as metals 
Al, Fe and Zn

After Stumm & 

Morgan 1996

Why is pH a 

Master Variable 

??
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The more dissolved ions there are in water, the better it is at 
conducting electricity.

EC varies with temperature. We normally cite it at a standard 
temperature of either 20 or 25°C

Rule 1:     1 meq/L of cations (or 1 meq/L of anions) 

results in 100 µS/cm of EC up to around 2000 µS/cm

Rule 2:    TDS (mg/L) = EC (µS/cm) x f

� where f = 0.55 for a water dominated by sodium chloride

� f = 0.75 for a water dominated by calcium bicarbonate

Electrical conductivity (EC)

Total dissolved solids (TDS)
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In fact, in Faryab
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TDS = EC x 0.8 1 meq cations = 82 µS/cm of EC

When you receive the results of an analysis from 

a laboratory, you should do some basic checks

� Are the laboratory’s methods documented ?

� Have the analyses been calibrated or verified against 

known standards?

� What are the accuracy / precision of the laboratory’s 

methods?

� Is there a large ion balance error?

� Are the results realistic?

� Are the units of measurement clearly documented

Ion Balance
Water is electrically neutral, thus:

Σ cations (meq/l) = Σ anions (meq/l)

Σ cations = 2.[Ca++] + [Na+] + 2[Mg++] + [K+] where [ ] = conc. in mg/l
40.08     22.99      24.31       39.1

Σ anions = 2.[SO4
=] + [alkalinity] + [Cl–] + [NO3

–]
96.06                             35.45     62.0

IBE = (Σ cations - Σ anions) x 100%

(Σ cations + Σ anions)

Solubility…is it realistic?

In most circum-neutral 
groundwaters, the 
concentration of 
dissolved aluminium 
should be very low.

If not…particulate 
contamination??
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Solubility…is it realistic?

The solubility of fluorite 
(CaF2) often limits the 
solubility of fluoride. 

Thus, high fluoride is 
usually found in low 
Ca waters

From Handa 1975. Geochemistry and genesis of fluoride-
containing groundwaters in India

Some common mistakes!
Don’t confuse mg/L with μg/L

1000 micrograms = 1 milligram!

Some labs cite nitrate as NO3
-

Other labs cite it as nitrate-nitrogen (NO3
--N)

Remember that 50 mg/L NO3
- is  c. 11 mg/L (NO3

--N) 

Be careful how laboratories cite alkalinity or bicarbonate

Is it really bicarbonate (HCO3
- ) 

Or is it total alkalinity in meq/L or mg/L CaCO3 equivalent


