Chapter 3
Measurement of Water Quality
Quantitative measurements of pollutants are obviously necessary before water pollution
can be controlled.
Measurement of these pollutants is, however, fraught with difficulties.
Sometimes specific materials responsible for the pollution are not known.
Moreover, these pollutants are generally present at low concentrations, and very accurate
methods of detection are required.
Only a few of the analytical tests available to measure water pollution are discussed in
this chapter.
A complete volume of analytical techniques used in water and wastewater engineering is
compiled as Standard Methods for the Examination of Water and Wastewater .
Many water pollutants are measured in terms of milligrams of the substance per liter of
water (mg/L,). In older publications pollutant concentrations were often expressed as
parts per million (pprn), a weigh/weight parameter. If the only liquid involved is water,
ppm is identical with mg/L, since one liter (L) of water weights 1000 grams (g).
For many aquatic pollutants, ppm is approximately equal to mg/L; however, because of
the possibility that some wastes have specific gravity different from water, mg/L is
preferred to ppm.

SAMPLING
Some tests require the measurement to be conducted at the site because the process of
obtaining a sample may change the measurement.
For example, to measure the dissolved oxygen in a stream or lake, either the
measurement should be conducted at the site or the sample must be extracted with great
care to ensure that there has been no loss or addition of oxygen as the sample is exposed
to the air.
Similarly, it is better to measure pH at the site if you are sampling water that is poorly
buffered from pH changes.
Most tests may be performed on a water sample taken from the stream.
The process by which the sample is obtained, however, may greatly influence the result.

The three basic types of samples are grab samples, composite samples, and flowweighted composite samples.
The grab sample, as the name implies, measures water quality at only one sampling point.
Grab samples accurately represent the water quality at the moment of sampling, but say
nothing about the quality before or after the sampling.
A composite sample is obtained by taking a series of grab samples and mixing them
together.
The flow weighted composite is obtained by taking each sample so that the volume of the
sample is proportional to the flow at that time. This method is especially useful when
daily loadings to wastewater treatment plants are calculated.
Whatever the technique or method, however, the analysis can only be as accurate as the
sample, and often the sampling methods are far more sloppy than the analytical
determination.

DISSOLVED OXYGEN
One of the most important measures of water quality is dissolved oxygen.
Oxygen, although poorly soluble in water, is fundamental to aquatic life. Without free
dissolved oxygen, streams and lakes become uninhabitable to aerobic organisms,
including fish and most invertebrates.
Dissolved oxygen is inversely proportional to temperature, and the maximum amount of
oxygen that can be dissolved in water at 0° C is 14.6 mg/L. The saturation value
decreases rapidly with increasing water temperature, as shown in the following Table.
Solubility of Oxygen in Water

The balance between saturation and depletion is therefore tenuous.
The amount of oxygen dissolved in water is usually measured either with an oxygen
probe or by iodometric titration. The latter method, known as the Winkler test.
The chemical reactions of the Winkler test are as follows:
Manganous sulfate (MnSO4) and a mixture of potassium hydroxide and potassium iodide
(KOH and KI) are added to a water sample.
If there is no oxygen present, the MnSO4 will react with the KOH to form a white
precipitate, Manganous hydroxide (Mn(OH)2).
If oxygen is present, the Mn(OH)2 will react further to form a brown precipitate,
manganic oxide (MnO(OH)2):

Sulfuric acid is added, which dissolves the manganic oxide and, in conjunction with the
KI added earlier, forms iodine (I2), which imparts a yellowish orange color to the sample:

The quantity of iodine is measured by titrating with sodium thiosulfate (Na2S2O3) until
the orange color from I2 is no longer apparent:

Starch is added near the end of the titration because it turns deep purple in the presence of
I2, and gives a more obvious color endpoint for the test.
The quantity of MnO(OH)2 formed in the first step is directly proportional to the
available dissolved oxygen, and the amount of iodine formed in the second step is
directly proportional to the MnO(OH)4. Therefore, the titration measures a quantity of
iodine directly related to the original dissolved oxygen concentration.
Disadvantages of the Winkler test include chemical interferences and the inconvenience
of performing a wet chemical test in the field. These two disadvantages can be overcome
by using a dissolved oxygen electrode, or probe.

Dissolved oxygen probes are convenient for fieldwork, but need careful maintenance and
calibration. Most oxygen probes are sensitive to changes in temperature and have
thermisters attached to the probe so that temperature adjustments can be made in the
field.

BIOCHEMICAL OXYGEN DEMAND
The rate of oxygen use is commonly referred to as biochemical oxygen demand (BOD).
Biochemical oxygen demand is not a specific pollutant, but rather a measure of the
amount of oxygen required by bacteria and other microorganisms engaged in stabilizing
decomposable organic matter over a specified period of time.
The BOD test is often used to estimate the impacts of effluents that contain large amounts
of biodegradable organics such as that from food processing plants and feedlots,
municipal wastewater treatment facilities, and pulp mills.
A high oxygen demand indicates the potential for developing a dissolved oxygen sag as
the microbiota oxidize the organic matter in the effluent.
A very low oxygen demand indicates either clean water or the presence of a toxic or
nondegradable pollutant.
The BOD test was first used in the late 1800s by the Royal Commission on Sewage
Disposal as a measure of the amount of organic pollution in British rivers.
At that time, the test was standardized to run for 5 days at 18.3"C. These numbers were
chosen because none of the British rivers had headwater-to-sea travel times greater than 5
days, and the average summer temperature for the rivers was 18.3"C.
The BOD incubation temperature was later rounded to 20"C, but the 5-day test period
remains the current, if somewhat arbitrary, standard.
In its simplest version, the 5-day BOD test (BOD5) begins by placing water or effluent
samples into two standard 60- or 300-mL BOD bottles.
One sample is analyzed immediately to measure the initial dissolved oxygen
concentration in the effluent, often using a Winkler titration while the second BOD bottle
is sealed and stored at 20°C in the dark.
The samples are stored in the dark to avoid photosynthetic oxygen generation.
After 5 days the amount of dissolved oxygen remaining in the sample is measured. The
difference between the initial and ending oxygen concentrations is the BOD5.

If the dissolved oxygen concentrations were measured daily, the results would produce
curves like those shown in the following Fig.

Typical oxygen uptake curves in a BOD test.
In this example, sample A had an initial dissolved oxygen concentration of 8 mg/L,
which dropped to 2 mg/L in 5 days. The BOD therefore is 8 - 2 = 6 mg/L.
Sample B also had an initial dissolved oxygen concentration of 8 mg/L, but the oxygen
was used so fast that it dropped to 0 by the second day. Since there is no measurable
dissolved oxygen left after 5 days, the BOD of sample B must be more than 8 - 0 = 8
mg/L, but we do not know how much more because the organisms in the sample might
have used more dissolved oxygen if it had been available. Samples like this require
diluting the sample. Typically, five to ten dilutions are recommended for wastewaters of
unknown origin.
Suppose sample C in is sample B diluted by ten times. The BOD5 for sample B would be

It is possible to measure the BOD of any organic material and thus estimate its influence
on a stream, even though the material in its original state might not contain the
microorganisms necessary to break down organic matter. Seeding is a process in which
the microorganisms that oxidize organic matter are added to the BOD bottle. Seeding
also facilitates measurement of very low BOD concentrations.

The seed source can be obtained from unchlorinated domestic wastewater or surface
water that receives degradable wastewater effluents.
Suppose we use the water previously described in curve A as seed water since it
obviously contains microorganisms (it has a 5-day BOD of 6mg/L). We now put 100 mL
of an unknown solution into a bottle and add 200 mL of seed water, thus filling the 300mL bottle. Assuming that the initial dissolved oxygen of this mixture is 8 mg/L and the
final dissolved oxygen is 1 mg/L, the total oxygen consumed is 7 mg/L. Some of this is
due to the seed water, because it also has a BOD, and only a portion is due to the
decomposition of the unknown material. The oxygen consumed due to the seed water is

because only two-thirds of the bottle is seed water, and only the seed water has a BOD of
6 m a . The remaining oxygen consumed (7 - 4 = 3 mg/L) must be due to the unknown
material. The following equation shows how to calculate the BOD5 for a diluted, seeded
effluent sample,

where
I = initial dissolved oxygen in the bottle containing both effluent sample and seeded
dilution water.
F = final dissolved oxygen in the bottle containing the effluent and seeded dilution water.
I' = initial dissolved oxygen of the seeded dilution water,
F'= final dissolved oxygen of the seeded dilution water,
X = mL of seeded dilution water in sample bottle,
Y = total mL in the bottle, and
D = dilution of the sample.
EXAMPL 1 . Calculate the BOD5 of a water sample, given the following data:
-Temperature of sample = 20"C,
-Initial dissolved oxygen is saturation,
-Dilution is 1:30, with seeded dilution water,
-Final dissolved oxygen of seeded dilution water is 8 mg/L
-Final dissolved oxygen bottle with sample and seeded dilution water is 2 mg/L
-Volume of BOD bottle is 300mL.
From Table, dissolved oxygen saturation at 20°C is 9.2 mg/L; hence, this is the initial
dissolved oxygen. Since the BOD bottle contains 300 mL, a 1:30 dilution with seeded
water would contain 10 mL of sample and 290 mL of seeded dilution water.

BOD is a measure of oxygen use, or potential oxygen use. An effluent with a high BOD
may be harmful to a stream if the oxygen consumption is great enough to cause anaerobic
conditions.
Obviously, a small trickle going into a great river will have negligible effect, regardless
of the BOD concentration involved. Conversely, a large flow into a small stream may
seriously affect the stream even though the BOD concentration might be low.
Engineers often talk of “pounds of BOD,” a value calculated by multiplying the
concentration by the flow rate, with a conversion factor, so that

The BOD of most domestic sewage is about 250 mg/L , while many industrial wastes run
as high as 30,000 mg/L.
The BOD curve can be modeled using the following Equation.

where
BOD(t) = amount of oxygen required by the microorganisms at any time t (mg/L).
LO = ultimate carbonaceous oxygen demand (mg/L),
k’1 = deoxygenation rate constant (days-1), and
t = time (days).
When it is necessary to know both k’1, and LO, as when modeling the dissolved oxygen
profile in a stream, both are measured using laboratory BOD tests.
There are a number of techniques for calculating k’1 and LO. One of the simplest is a
method devised by Thomas (1950).

which can be rearranged to read

This equation is in the form of a straight line

x=a+bt
where x is (t/ BOD(t))1/3 the intercept (a) is (2.3k’1Lo) -1/3, and the slope (b) is k’12/3/ (3.43
Lo1/3).

By plotting BOD versus t, the slope (b) and intercept (a) can be used to solve for k’1 and
LO.

EXAMPL 2 . The BOD versus time data for the first 5 days of a BOD test are obtained
as follows:

Calculate k’1 and LO.
The (t/ BOD(t))1/3 values o.585, 0.630 and 0.669 are plotted as shown in Figure

Plot of k’1 and LO for Example 2.
The intercept (a) = 0.545 and the slope (b) = 0.021. Thus:

If, instead of stopping the BOD test after 5 days, we allowed the test to continue and
measured the dissolved oxygen each day, we might get a curve like that shown in the Fig.

Long-term BOD. Note that BODult here includes both ultimate carbonaceous BOD (Lo)
and ultimate nitrogenous BOD.
Note that after about 5 days the curve turns sharply upward. This discontinuity is due to
the demand for oxygen by the microorganisms that decompose nitrogenous organic
compounds to inorganic nitrogen. In the following example, microorganisms decompose
a simple organic nitrogen compound, urea (NH2 . CO . NH2), releasing ammonia (NH3;
NH4+ in ionized form) which is further decomposed into nitrite (NO2-) and nitrate (NO3-):

Note that the first step, ammonification, does not require oxygen; it can be done by a
wide variety of aerobic and anaerobic plants, animals, and microbes.
The BOD curve is thus divided into nitrogenous and carbonaceous BOD areas.

The ultimate BOD, as shown, includes both nitrogenous and carbonaceous BOD. For
streams and rivers with travel times greater than about 5 days, the ultimate demand for
oxygen must include the nitrogenous demand.
Although the use of the ultimate demand in dissolved oxygen sag calculations is not
strictly accurate, the ultimate BOD may be estimated as:

where TKN is the total Kjeldahl nitrogen (organic nitrogen plus ammonia, in mg/L ), and
a and b are constants. (a = 1.2 and b = 4.0 may be use for calculating the ultimate BOD).

CHEMICAL OXYGEN DEMAND
One problem with the BOD test is that it takes 5 days to run. If the organic compounds
were oxidized chemically instead of biologically, the test could be shortened
considerably.
Such oxidation can be accomplished with the chemical oxygen demand (COD) test.
Because nearly all organic compounds are oxidized in the COD test, while only some are
decomposed during the BOD test, COD results are always higher than BOD results.
One example of this is wood pulping waste, in which compounds such as cellulose are
easily oxidized chemically (high COD) but are very slow to decompose biologically (low
BOD).
The standard COD test uses a mixture of potassium dichromate and sulfuric acid to
oxidize the organic matter (HCOH), with silver (Ag+) added as a catalyst. A simplified
example of this reaction is illustrated below, using dichromate (Cr2O72-) and hydrogen
ions (H+):

A known amount of a solution of K2Cr2O7 in moderately concentrated sulfuric acid is
added to a measured amount of sample, and the mixture is boiled in air. In this reaction,
the oxidizing agent, hexavalent chromium (CrVI), is reduced to trivalent chromium (CrIII).
After boiling, the remaining CrVI is titrated against a reducing agent, usually ferrous
ammonium sulfate. The difference between the initial amount of CrVI added to the sample
and the CrVI remaining after the organic matter has been oxidized is proportional to the
chemical oxygen demand.

TOTAL ORGANIC CARBON
Since the ultimate oxidation of organic carbon is to CO2, the total combustion of a sample
yields some information about the potential oxygen demand in an effluent sample.
Total organic carbon is measured by oxidizing the organic carbon to CO2 and H2O and
measuring the CO2 gas using an infrared carbon analyzer.
The oxidation is done by direct injection of the sample into a high-temperature (680-950
°C) combustion chamber or by placing a sample into a vial containing an oxidizing agent
such as potassium per sulfate, sealing and heating the sample to complete the oxidation,
then measuring the CO2 using the carbon analyzer.

TURBIDITY
Water that is not clear but is “dirty,” in the sense that light transmission is inhibited, is
known as turbid water.
Many materials can cause turbidity, including clays and other tiny inorganic particles,
algae, and organic matter.
In the drinking water treatment process, turbidity is of great importance, partly because
turbid water is aesthetically displeasing, and also because the presence of tiny colloidal
particles makes it more difficult to remove or inactivate pathogenic organisms.
Turbidity is measured using a turbid meter. Turbid meters are photometers that measure
the intensity of scattered light. Opaque particles scatter light, so scattered light measured
at right angles to a beam of incident light is proportional to the turbidity.
Formazin polymer is currently used as the primary standard for calibrating turbid meters,
and the results are reported as nephelometric turbidity units (NTU).

COLOR,TASTE, AND ODOR
Color, taste, and odor are important measurements for determining drinking water
quality.
Along with turbidity, color, taste, and odor are important from the standpoint of
aesthetics. If water looks colored, smells bad, or tastes swampy, people will instinctively
avoid using it, even though it might be perfectly safe from the public health aspect.
Color, taste, and odor problems in drinking water are often caused by organic substances
such as algae or humic compounds, or by dissolved compounds such as iron.
Color can be measured visually by comparison with potassium chloroplatinate standards
or by scanning at different spectrophotometric wavelengths.

Turbidity interferes with color determinations, so the samples are filtered or centrifuged
to remove suspended material.
Odor is measured by successive dilutions of the sample with odor free water until the
odor is no longer detectable. (Odor-free water is prepared by passing distilled, deionized
water through an activated charcoal filter.)
This test is obviously subjective and depends entirely on the olfactory senses of the tester.
Panels of testers are used to compensate for variations in individual perceptions of odor.
Taste is evaluated using three methods: the flavor threshold test (FIT), the flavor rating
assessment (FRA), and the flavor profile analysis (FPA).
For the FIT, water samples are diluted with increasing amounts of reference water until a
panel of taste testers concludes that there is no perceptible flavor.
In the FRA, a panel of testers is asked to rate the flavor from very favorable to very
unfavorable.
The oldest, and most useful, of the taste tests is the FPA, which measures both taste and
odor of a water sample in comparison to taste and odor reference standards. The intensity
of specific tastes and odors are described on a 12-point, ranging from no taste or odor (0)
to taste or odor (12).

PH
The pH of a solution is a measure of hydrogen (H+) ion concentration, which is, in turn, a
measure of acidity. Pure water dissociates slightly into equal concentrations of hydrogen
and hydroxyl (OH-) ions:
An excess of hydrogen ions makes a solution acidic, whereas excess of hydroxyl ions,
makes it basic.
The equilibrium constant for this reaction, Kw is the product of H+ and OHconcentrations and is equal to 10-14. This relationship may be expressed as

Where [H+] and [OH-] are the concentrations of hydrogen and hydroxyl ions,
respectively, in moles per liter.
In a neutral solution the H+ concentration is 10 -7, so the pH is 7.
As the H+ concentration increases the pH decreases. For example, if the H+ concentration
is the pH is 4, and the solution is acidic. In this solution, we see that the OHconcentration is 10-14/10-4, or 10-10. Since 10-4 is much greater than 10-10 the solution
contains a large excess of H+ ions, confirming that it is indeed acidic.

Any solution where the H+ concentration is less than 10-7 or the pH is greater than 7,
would be basic. The pH range in dilute samples is from 0 (very acidic) to 14 (very
alkaline), and in water samples is rarely below 4 or above 10.
The measurement of pH is now almost universally done using electronic pH meters.
The pH of an effluent or water sample is important in almost all phases of drinking water
and wastewater treatment.
In water treatment as well as in disinfection and corrosion control, pH is important in
ensuring proper chemical treatment.
Aquatic organisms are sensitive to pH changes, as well as to the actual pH of the water.
Few aquatic organisms tolerate waters with a pH less than 4 or greater than 10. Acid
mine drainage, unregulated acids or bases in industrial effluents, or atmospheric acid
deposition may alter the pH of a water body substantially and have detrimental effects on
aquatic life.

ALKALINITY
Alkalinity measures the buffering capacity of the water against changes in pH.
Water that has a high alkalinity can accept large doses of acids or bases without altering
the pH significantly.
Waters with low alkalinity, such as rainwater or distilled water, can experience a drop in
the pH with only a minor addition of an acid or base.
In natural waters much of the alkalinity is provided by the carbonate-bicarbonate
buffering system.
Carbon dioxide (CO2) dissolves in water to form carbonic acid (H2CO3), which
dissociates and is in equilibrium with bicarbonate (HCO3-) and carbonate (CO32-) ions:

The effect of alkalinity on the pH of a water sample is shown in the Fig.

Effect of alkalinity in buffering against pH changes. (A) acid is added to deionized water
(very low alkalinity); (B) acid is added to monobasic phosphate buffer solution (high
alkalinity).
Alkalinity is determined by measuring the amount of acid needed to lower the pH in a
water sample to a specific endpoint; the results are usually reported in standardized units
as milligrams CaCO3 per liter. Poorly buffered water may have alkalinities lower than 40
mg CaCO3 per liter while water sampled from a stream flowing through a limestone
region may have alkalinities greater than 200 mg CaCO3 per liter.

SOLIDS
Wastewater treatment is complicated by the dissolved and suspended inorganic material
it contains, both dissolved and suspended materials are called solids.
The separation of these solids from the water is one of the primary objectives of
treatment.
Total solids include any material left in a container after the water is removed by
evaporation, usually at 103-105°C. Total solids can be separated into total suspended
solids (solids that are retained on a 2.0 µm filter) and total dissolved solids (dissolved and
colloidal material that passes through the filter).

The difference between total suspended solids and total dissolved solids is illustrated in
the following example:
A teaspoonful of table salt dissolves in a glass of water, forming a water-clear solution.
However, the salt will remain behind if the water evaporates. Sand, however, will not
dissolve and will remain as sand grains in the water and form a turbid mixture.
The sand will also remain behind if the water evaporates. The salt is an example of a
dissolved solid, whereas the sand is a suspended solid.
Suspended solids are separated from dissolved solids using a special crucible, called a
Gooch crucible. The Gooch crucible has holes on the bottom on which a glass fiber filter
is placed. The water sample is drawn through the crucible with the aid of a vacuum. The
suspended material is retained on the filter, while the dissolved fraction passes through. If
the initial dry weight of the crucible and filter is known, the subtraction of this from the
total weight of the crucible, filter, and the dried solids caught in the filter yields the
weight of suspended solids, expressed in milligrams per liter.
Solids may be classified in another way: those that are volatilized at a high temperature
(550°C) and those that are not.
The former are known as volatile solids, the later as fixed solids.
Volatile solids are usually organic compounds.
At 550°C some inorganics are also decomposed and volatilized, but this is not considered
as a serious drawback.

The Gooch crucible, with filter, for determining suspended solids, and the evaporating
dish used for determining total solids.

EXAMPL 3. Given the following data:
-Weight of a dish = 48.6212 g,
-100mL of sample is placed in the dish and evaporated. New weight of dish and dry
solids = 48.6432 g.
--The dish is placed in a 550°C furnace, then cooled. New weight = 48.6300 g.
Find the total, volatile, and fixed solids.

NITROGEN AND PHOSPHORUS
Nitrogen and phosphorus are important nutrients for biological growth.
Nitrogen occurs in five major forms in aquatic environments: organic nitrogen, ammonia,
nitrite, nitrate, and dissolved nitrogen gas; phosphorus occurs almost entirely as organic
phosphate and inorganic orthophosphate or polyphosphates.
Ammonia is one of the intermediate compounds formed during biological metabolism
and, together with organic nitrogen, is considered an indicator of recent pollution.

Aerobic decomposition of organic nitrogen and ammonia eventually produces nitrite
(NO2-) and finally nitrate (NO3-).
High nitrate concentrations, therefore, may indicate that organic nitrogen pollution
occurred far enough upstream that the organics have had time to oxidize completely.
Similarly, nitrate may be high in groundwater after land application of organic fertilizers
if there is sufficient residence time (and available oxygen) in the soils to allow oxidation
of the organic nitrogen in the fertilizer.
Because ammonia and organic nitrogen are pollution indicators, these two forms of
nitrogen are often combined in one measure, called Kjeldahl nitrogen, after the scientist
who first suggested the analytical procedure. A popular alternative to the technically
difficult Kjeldahl test is to measure total nitrogen and nitrate + nitrite separately.
The difference between the two concentrations equals organic nitrogen plus ammonia.
Phosphorus is usually measured as total phosphorus or dissolved phosphorus (portion that
passes through a 0.45 µm membrane filter).
Dissolved orthophosphate (PO4-) is an important indicator of water pollution because it is
easily and rapidly taken up by biota, and therefore is almost never found in high
concentrations in unpolluted waters.
The various forms of nitrogen and phosphorus can all be measured analytically by
colorimetric techniques. In colorimetry, the ion in question combines with a reagent to
form a colored compound; the color intensity is proportional to the original concentration
of the ion.
The color is measured photometrically, or occasionally by visual comparison to color
standards.
A photometer measures the difference between the intensity of light passing through the
sample and the intensity of light passing through clear distilled water or a reference
sample.
Typically, in colorimetric analyses, a standard dilution series is used to estimate the
concentration of an unknown sample.
EXAMPL 4 . Several known concentrations of ammonia and an unknown sample were
analyzed using the phenate method, and the color was measured with a photometer.
Find the ammonia concentration of the unknown sample.

Calculation using colorimetric standards.
From Fig. where ammonia concentration of the standards vs absorbance results in a
straight line, we see that an absorbance of 1.082 (the unknown) corresponds to an
ammonia concentration of 150 µg/L.
Although most nitrogen and phosphorus analyses are done using a spectrophotometer,
other techniques are growing in acceptance such as (ion electrodes, Ion chromatography
(ICP), field kits)

PATHOGENS
From the public health standpoint, the bacteriological quality of water is as important as
the chemical quality. A large number of infectious diseases may be transmitted by water,
among them typhoid and cholera. Although we clearly desire drinking water that is not
contaminated by pathogens (disease-causing organisms), determining whether the
organisms are present in water, and whether they represent a health threat, is relatively
complicated. First, there are many pathogens. The following Table lists just a few of the
most common waterborne microbial pathogens.
Examples of Common Waterborne Pathogens

Second, the concentration of these organisms, although large enough to spread disease,
may be so small as to make their detection impossible.
The indicator most often used measure for bacteriological quality is fecal coliforms, a
member of the coliform bacteria group. Although many coliforms occur naturally in
aquatic environments, fecal coliforms, are associated with the digestive tracts of warmblooded animals.
Fecal coliforms are particularly good indicator organisms because they are easily
detected with a simple test, generally harmless and do not survive long outside their host.

The presence of coliforms does not prove that there are pathogenic organisms in the
water, but indicates that such organisms might be present. A high coliform count is thus
suspicious, and the water should not be consumed, even though it may be safe.
The most widely used methods is the membrane filter (MF) technique. A water sample is
filtered through a sterile micropore filter by suction, thereby capturing any coliforms. The
filter is placed in a Petri dish containing a sterile culture medium that promotes the
growth of the fecal coliforms while inhibiting other organisms.
After 24 h of incubation at 35oC, the number of shiny metallic red dots (fecal coliform
colonies) is counted.
The concentration of coliforms is typically expressed as coliforms/100 mL of sample.
Over the past two decades we have seen an increasing emphasis on using other indicator
microorganisms. For example, the enterococcus subgroup of fecal streptococcus bacteria
has been found to be excellent indicators of the quality of recreational waters (e.g.,
swimming beaches).
Pathogenic viruses constitute a particularly difficult group of organisms to identify and
enumerate. Because of this, routine testing for viruses is rarely done unless there is an
outbreak of disease or you are testing the safety of reclaimed wastewater.

HEAVY METALS
Heavy metals such as arsenic, copper, and mercury can harm aquatic organisms, or
bioaccumulate in the food chain, even if the metal concentration in water is relatively
low.
Consequently, the method of measuring metals in water must be very sensitive.
There are a large variety of methods available to measure metals in water samples, and
the choice of method often depends on the desired sensitivity as well as cost.
Heavy metals are usually measured using flame, electro thermal (graphite furnace), or
cold-vapor atomic absorption (AA), inductively coupled plasma (ICP) and inductively
coupled plasma mass spectrometry (ICPMS), and colorimetric techniques. Samples can
be filtered and analyzed for dissolved metals or digested using strong acids to measure
total metals.
In flame AA a solution of lanthanum chloride is added to the sample, and the treated
sample is sprayed into a flame using an atomizer. Each metallic element in the sample
imparts a characteristic color to the flame, whose intensity is then measured
spectrophotometrically. Graphite furnace AA methods use an electrically heated device
to atomize metal elements, and can measure much lower concentrations of metals than
flame AA, but often have ‘‘matrix’’ interference problems caused by salts and other
compounds in the sample. Cold vapor AA is used primarily to measure arsenic and

mercury. Inductively coupled plasma and ICPMS are less sensitive to matrix problems
and cover a wide range of concentrations.

OTHER ORGANIC COMPOUNDS
One of the most diverse and difficult areas of pollution assessment is the measurement of
toxic, carcinogenic, or other potentially harmful organic compounds in water.
These organics encompass the disinfection by-products introduced earlier, as well as
pesticides, detergents, industrial chemicals, petroleum hydrocarbons, and degradation
products that these chemicals become as they are altered chemically or biologically in the
environment.
Gas chromatography (GC) and high-performance liquid chromatography (HPLC) are
effective methods for measuring minute quantities of specific organics.

PROBLEMS

