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Introduction

A basic knowledge of water quality isvery
useful for microirrigation system management and is
an important consideration in the design and
operation of the system. Therefore, the ability to read
and understand a water quality analysis isimportant
to theirrigation system manager. A careful analysis
of the source water is prudent as a preliminary step to
designing amicroirrigation system. A microirrigation
system requires good quality water free of all but the
finest suspended solids, and relatively free of
dissolved solids such asiron, which may precipitate
out and cause emitter plugging problems. Neglecting
to analyze the quality of source water and provide
adequate treatment is one of the most common
reasons for the failure of microirrigation systems to
function properly.

Obtaining a Water Sample

It isimportant that a representative water sample
be taken. If the sourceisawell, the sample should be
collected after the pump has run for approximately a
half hour. When collecting samples from a surface
water source such as aditch, river, or reservoir, the

samples should be taken near the center and below
the water surface. Where surface water sources are
subject to seasonal variations in quality, these sources
should be sampled and analyzed at various times
throughout the irrigation season.

Glass or plastic containers are preferable for
sample collection. For most analyses, the samples
should be at least apint. The containers should be
thoroughly cleaned and rinsed before use to avoid
contamination of the water ssmple. Sample bottles
should be filled completely to the top (with al air
removed), carefully labeled, and tightly sealed.
Samples should be sent immediately to awater testing
laboratory. For amicroirrigation suitability analysis,
the following tests should be requested from the
laboratory: Electrical conductivity (EC) or total
dissolved solids (TDS), pH, calcium, iron, akalinity,
chloride, and if filtration information is needed, the
guantity and size of suspended solids. Other
parameters that are sometimes also needed to
properly assess the suitahility of the irrigation water
are sodium, boron, potassium, manganese, nitrate,
and sulfides (hydrogen sulfide must be measured at
the well-head).
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Units Used in Water Analysis

One obstacle in interpreting awater analysisis
that water testing laboratories report results in various
units. For example, the concentration of chemical
constituents may be reported as parts per million
(ppm), milligrams per liter (mg/L), or
milliequivalents per liter (meg/L).

A concentration reported in weight-per-weight is
adimensionlessratio and is independent of the
system of weights and measures used in determining
it. For many years, water analyses made in the U.S.
were reported in parts per million (ppm). One ppmis
equivalent to 1 mg of solute per kg of solution.
Therefore, 1% is equal to 10,000 ppm. Parts per
thousand (ppt, which is equivalent to 1 g solute per kg
of solution) is frequently used to report salinity levels
in seawater. In recent years, the development of
more sensitive analytical equipment hasled to terms
such as parts-per-billion to report trace elements and
pesticide concentrations.

Common laboratory analyses are made by
initially measuring a volume of solution and then
performing the appropriate procedure. The results are
normally reported in units of weight per unit of
volume (typically mg/L). To convert these valuesto
ppm, it is generally assumed that 1 liter of water
weighs exactly 1 kg. For most agricultural water, this
assumption is close enough. Therefore, for
agricultural water samples, ppm and mg/L can be
considered the same. In some cases, water analyses
(typically hardness) are presented in units of grains
per gallon (1 grain/gallon equals 17.12 mg/L).
Conversion factors for several water quality
parameters are givenin Table 1.

Sometimes analytical labs report resultsin terms
of milliequivalents per liter (meg/L). Thisterm
recognizes that ions of different species have
different weights and electrical charges. Conversions
are made by dividing ppm (or mg/L) by the
equivalent weight of the constituent ion (Table 2) as
follows:

meg/L = (mg/L) / EW Eq. 1
mg/L = meg/L X EW Eq. 2

where,
meg/L = milliequivalent per liter
mg/L = milligram per liter
EW = equivalent weight

Example:
How many meg/L is 120 ppm Ca?
From Table 2, EW for Ca= 20

meg/L = (mg/L)/EW =120/20=6
meg/L

How many mg/L is5 meg/L of CO,
From Table 2, EW for CO3 =30

mg/L =5 meg/L x 30 mg/L per meg/L =
150 mg/L

Example

If awater analysis reports 7 grains per gallon
of Ca, how many mg/L of Caare there?

From Table 1, conversion factor is 17.12
mg/L per grain

7 grainsx 17.12 mg/L per grain = 120
mg/L

Water Quality Parameters
Acid

An acid can be defined as a compound that
releases hydrogen ions (H") in asolution. All acids
contain hydrogen. In general, acids have more or less
asour taste, they change litmus paper red, and they
react with bases to form salts and water. An example
isacetic acid (vinegar), which is considered a weak
acid because it releases only small amounts of free
hydrogen ions into solution. Sulfuric acid (HZSO 4)
is considered a strong acid because it releases more
hydrogen ions into solution.

Bases

Bases are substances which can release hydroxyl
(OH") ions. Bases change litmus paper blue. Asis
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the case with acids, bases demonstrate varying
degrees of ionization (H” release). Those that ionize
to alarge extent are called strong bases, and those that
ionize only dlightly are known as weak bases.

Salts

A normal salt isacompound that is formed by
the union of the cations (ions that carry a positive
charge) of any base and anions (ionsthat carry a
negative charge) of any acid. Other salts can be
formed from acids or bases.

Electrical Conductivity

Electrical conductivity (EC) isameasure of the
ability of water to pass an electrical current.
Conductivity in water is affected by the presence of
inorganic dissolved solids such as chloride, nitrate,
sulfate, and phosphate anions or sodium, magnesium,
calcium, iron, and aluminum cations. Organic
compounds like oil, phenol, alcohol, and sugar do not
conduct electrical current very well and therefore
have alow conductivity when in water. Conductivity
is also affected by temperature: the warmer the water,
the higher the conductivity. For this reason,
conductivity measurements are reported as
conductivity at 25° C.

EC measurements are taken with platinum
electrodes and presented in units of conductance.
The drop in voltage caused by the resistance of the
water is used to calculate the conductivity per
centimeter. The metric (SI) unit of measurement is
deci-Siemens per meter (dS/m), whichisequal in
magnitude to the commonly used conductance term
of millimho/cm (mmho/cm). Both of these terms are
generally in the range of 0.1 to 5.0 for waters used for
irrigation. Conductivity isalso reported in units
1,000 times smaller: micromhos per centimeter
(umhos/cm) or microsiemens per centimeter
(MS/cm). Most waters used for irrigation in Florida
will beinthe order 100 to 5,000 uS/cm. The
conversion from electrical conductance to total
dissolved solids (TDS) depends on the particular
salts present in the solution. The conversion factor of
700 x EC (in dS/m) isapplicable for converting EC
valuesto TDSfor Florida soil extracts and irrigation
waters (Table 1). In other areas, conversion values
of 630-640 x EC (dS/m) are commonly used.

Aswith TDS, arelationship exists between
electrical conductivity and chloride concentration.
Chloride estimates, however, arelessreliable. The
Florida norm is 140 with 90% of all ratios measuring
less than 250. The following equation isan
approximate conversion from EC to chloride.

Cl (mg/L) = EC (dS/m) x 140 Eqg. 3

Example:

A Floridan well was sampled and tested with a
conductivity meter, with areading reported as
2.55dS/m. Estimate the TDS and CI
concentrationsin ppm.

2.55 dS/m = 2550 uS/m = 2550 umho/cm
2.55 dS/m x 700 ppm/dS/m = 1785 ppm TDS

Cl =dS/m x 140 = 2.55 x 140 = 357 ppm Cl

pH

The term pH is used to indicate the alkalinity or
acidity of a substance asranked on ascale from 1.0 to
14.0. The pH of water affects many chemical and
biological processesin water. Different organisms
flourish within different ranges of pH (Fig. 1). The
largest variety of aguatic animals prefer arange of 6.5
- 8.0. When the pH isoutside this range, diversity
within the water body may decrease dueto
physiological stresses and reduced reproduction.

Low pH can aso allow toxic elements and
compounds to become more mobile and available for
uptake by aquatic plants and animals. This can
produce conditions that are toxic to aquatic life,
particularly to sensitive species.

The pH scale measures the logarithmic
concentration of hydrogen (H") and hydroxide
(OH") ions, which make up water (H" + OH" = H,0).
When both types of ions are in equal concentration,
the pH is 7.0 or neutral. The pH valueis the negative
power to which 10 must be raised to equal the
hydrogen ion concentration. Mathematically thisis
expressed as:

pH =-log [H]






