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PURPOSE OF MAKING ANALYSES

1. Need for Water Analyses in Plant Operation.-The
proper and efficient operation of a water-treatment plant
requires a knowledge of the general composition and characteristics of the water when it enters the plant, at various stages of
the treatment process, and at the completion of treatment.
Also, the operator of the plant must have accurate information
about the variation in the characteristics of the water entering
the plant, in order to know what treatment is required to
produce a water of satisfactory quality under particular conditions. The only method of maintaining a check on the
quality of the water before, during, and after treatment is to
make tests or analyses on samples of the water taken at the
point of entrance to the plant, at various points in the plant,
and at the point of discharge from the plant.

2. Types and Purposes of Analyses.- The methods of making analyses of water samples are described in a book entitled
Standard Methods for the Exami1lation of Water a11d Sewage,
which is published jointly by the American Public Health
Association and the American Water Works Association. The
tests described in this text are based on the information given
in the eighth edition, first printing, of that book, which will be
CO~YRIGHT£0
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referred to simply as Standard Methods. All weights and
volumes are expressed in metric units, and temperatures are
expressed in degrees Centigrade.
According to Standard Methods, analy~ for the operation
of a water-treatment plant are of four types: (1) sanitary,
which includes physical tests and chemical analyses; (2)
mineral; (3) microscopical; and (4) bacteriological. T he
mineral analyses are made by chemical methods, whereas the
physical tests do not involve chemistry. Therefore, in the
following explanations, the physical tests will be separated
from the chemical tests, and the chemical and mineral analyses
will be included under chemical tests.
F rom the various tests and a sanitary survey of the watershed, it is possible to determine the character of the impurities
in a water supply, the probable sources of contamination, the
treatment processes that a re required for the removal of the
impurities, and the results that may be expected or are obtained
with such treatment.

sample is obtained by mixing several different portions of the
water collected at various points or at various times.
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4. Apparatus for Obtaining Samples From Tanks and
Streams.-Many devices are used to procure representative
samples. When a sample is taken from a stream or a lake, the
bottle should be plunged about 18 inches below the water surface before the stopper is removed. As soon as the bottle is

METHODS OF TAKING SAMPLES

3. Collecting Samples for Physical and Chemical Analyses.
At least 2 liters of water are required for making ordinary
physical and chemical analyses. Larger amounts may be
required in special cases.
The samples must be collected in glass bottles, which should
generally be provided with glass stoppers. If only physical
examinations are to be made, cork stoppers covered with tin
foil or paraffin may be substituted. Under no circumstances
should jugs or metal containers be used for collecting the
samples. It is very important that the bottles be cleansed
thoroughly in the following manner: First they are dipped in
either a dilute solution of sulfuric acid and potassium dichromate
or alkaline permanganate; then they are dipped in a mixture of
oxalic and sulfuric acids; and finally they are rinsed with water
and allowed to drain.
In order to obtain a correct conception of the condition of
the water, it is necessary to procure a sample that is truly
representative of t he liquid to be analyzed. Sometimes, a good

Ftc. I

filled, it should be stoppered, and a hood of cloth or thick paper
should be tied over the stopper and the neck of the bottle to
prevent dirt and dust from contaminating the water.
In Fig. 1 is shown a type of apparatus recommended in
Standard Methods for obtaining samples of water that are to
be tested for dissolved oxygen. T his apparatus also may be
used for obtaining samples for all types of analyses from
moderate depths. The container a and the removable cover b
are made of brass. A brass shelf c with two cylindrical pedes-
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tals d supports the sample bottles e. Two copper tubes j
extend from the cover down into the bottles, and a third copper
tube g extends from the cover upward; the tube g is of such
length that the top will be above the surface of the water in
every case. A thermometer h is placed in the container, and
the opening in the cover, through which the thermometer
extends, is sealed by means of a cork i. The cover is held in
place and is made water-tight by means of clamps f.
A bail, or handle, must be attached to the container for raising and lowering the bottles through the water. When the
apparatus is immersed, the water flows into the bottles through
the tubes/ and air is forced out through the tube g. Thus, the
bottles are filled from the bottom and no air bubbles remain in
the full bottles. When the bottles are filled, the container is
lifted out of the water, the cover is -removed, and the bottles
are corked with glass stoppers. Where it is desirable to obtain
samples from a considerable depth, some kind of valve control
may be necessary to prevent water from entering as soon as the
container is submerged.
5. Storage and Shipment of Samples for Physical Tests
and Chemical Analyses.- In general, the analyses of samples
should be made as soon as possible after collection. The
following maximum limits of elapsed time between collection
and physical or chemical analysis are recommended in Staturord
Methods: For unpolluted water, 72 hours; for fairly pure water,
48 hours; and for polluted water, 12 hours. However, there are
certain tests for dissolved gases that must be made at the time of
collection. I t is preferable to keep the samples at a low temperature until they are examined, because most organisms in the
water will remain reasonably inactive under such conditions.
If the bottles are to be shipped to a laboratory, they should be
packed and shipped in accordance with the directions of the
laboratory. For shipment to a laboratory, the bottles are
usually packed in cases with each bottle in a separate compartment. The cases, which may be either wicker baskets or wooden
boxes, are lined with corrugated paper or are provided with
springs in the corners to hold the bottles firmly in place.
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6. Collection of Samples for Bacteriological Anal
·
yses.
E xcept.tona1 care 1s
required in obtaining samples of wat er
.
.
f or b acteno1ogtca1 examination Such samples are
.
·
usually
collected m 4-ounce or 8-ounce glass bottles with ground?lass stoppers. . The ~ttles must be rinsed clean, as explained
m Art. 3, and m additton must be sterilized either for not less
than 1 hour at a temperature of 170° C . or in a special steam
·bath at a pressure of 15 pounds per square inch for J. h
·
tr
·
2
our.
It . 1s
ex erne1y rm??rtant that no outside contamination is
admitted ~ the stenlized bottles. Also, the sample must be
representative of the supply that is being tested.
7. Storage and Shipment of Samples for Bacteriological
Analyses.-All samples for bacteriological examination should
be analyzed as soon as possible, as changes in the bacterial
forms may occur even when the samples are maintained at a
low temperature. The maximum time allowances between
collection and examination, as recommended in Sta1uiard
Methods, are as follows: For relatively pure water 12 hours·
and for impur~ water, 6 hours. Also, the temperahrre durin~
the storage penod should be maintained between 6° and 10° c.
If the temperature falls below 6° or rises above 10°, a statement
to that effect s~o~d ap~ear with the bacteriological report.
~ples contammg restdual chlorine should not be shipped
until some meth~ for destroying the chlorine has been applied.
However, there 1s no standard method for accomplishing this,
an~ each type of sample must be treated in a particular manner
which depends on the ingredients of the water. A method that
is commonly used is to treat the empty bottles in the following
manner: In each clean bottle is placed! milliliter of a sodiumthiosulfate solution containing 1.5 grams of sodium thiosul~ate per 100 milliliters of distilled water. Then, each bottle
ts stoppered and is capped with paper that is held in position
by a rubber band; and the bottles are sterilized in an autoclave
for 15 minutes at a pressure of 20 pounds per square inch.
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EQUIPMENT USED IN MAKING ANALYSES

8. Analyses Required in Plant Operation.- The various tes~s

nalyses that are required in a water-treatment plant wtll
or a
h .
f
end
largely on the contents of the water and on t e SlZe o
d
ep
·
"
l
d
h
"
the plant. The analyses given in this. text me u e p ys!Cal
tests for turbidity, color, and odor; chermcal tests for hardness,
h drogen-ion concentration, alkalinity, acidity, and residual .
~orine · and a microscopical examination. The bacteriological
cexamination
'
·
B acterw
"logy.
is explained in the text Samtary
I n some water-treatment plants, tests are made for copper,
iron, lead, manganese, zinc, boron, chloride, fluoride, iodide,
ammonia nitrogen, albuminoid nitrogen, organic nitrogen,
nit rite nitrogen, nitrate nitrogen, oxygen consumed, dissolved
oxygen, hydrogen sulfide, residue on evaporation.. dissolved
residue, suspended residue, silica, aluminum, calcmm, magnesium, sodium, potassium, manganese, sulfate, and phosphate.
However, many of these tests are ordinarily made for the purpose of obtaining information regarding th·e s~tabil_ity of a water
as a source of supply rather than in connect10n wtth the treatment of water. If it is necessary or desirable for the operator
to perform any of these tests, he should consult S~nda~d
M ethods, in which the procedures for all tests are descnbed m
detail.
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9. Necessary Equipment.-Every water-treatment plant
should be provided with space enough for a small laboratory,
which should contain at least a sink, several benches, a table,
and a moderate amount of laboratory equipment. The following lists include the equipment and sup.plies necessary.for making practically all the standard phystcal and chemtcal tests
required at a water-treatment plant.
NUllBBR

1

3

1
11

DESCRIPTION OF APPARATUS

Special Eqttipmmt
Analytical balance with set of balance weights,
including riders; maximum load 100 g., balance
sensitive to 0.1 mg.

6
1
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APPARATUs-(Contimted)

Burners
2 Bunsen
2 Cenco, high temperature
Drying oven, electrically controlled
Hot plate, 12"X 12", electrically controlled
Hot-water bath, 14"X 14", 4 openings
J ackson turbidimeter
LaMotte block comparator (with brom thymol
blue indicator)
Microscope
Muffle furnace, H oskins electric
Glassware
Beakers
6 at 250 ml.
6 at 400 ml.
3 at 1,000 ml.
Bottles, dropping, 60 mi.
Bottles, glass stoppered
12 at! gallon
12 at 250 ml.
Burettes, 50 mi.
Condenser, 500 mm.
Counting cell
Cover glass
Cylinders
1 at 100 rnl., double graduated
1 at 250 ml., glass stoppered
1 at 1,000 ml., double graduated
Distilling apparatus
Flasks
1 distilling (pyrex) at 1,000 mi.
6 E rlenmeyer (pyrex) at 500 mi.
1 volumetric at 200 ml.
2 volumetric at 100 ml.
1 balloon (pyrex) at 100 rnl.
Funnels, 65 mm.
Funnel, Sedgwick-Rafter, graduated

NU1dBER
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36

2
14

12
1
12
2
5 lb.

1

DESCRIPTION OF APPAR.\TUS-(Co11limled)

Jar, 4 quart
Nessler tubes
24 at 50 m1 (2 sets)
12 at 100 ml. (1 set)
Pipettes, measuring
1 at 1 mi.; 1 at 5 ml.
Pipettes, transfer
6 at 1 ml.
3 at 2 ml.
3 at 10 ml.
2 at 100 ml.
Policemen, with rubber t ips
Soda-lime absorption tube, 6 in.
Stirring rods, 8 in. by 136 in.
Thermometers, 0° to 200° C.
Tubing, glass
lib. at 4 mm.
2lb. at 6 mm.
2lb. at 8 mm.
Washing bottle, 16 oz.
Porcelai1~

1
6
2

Casserole
Crucibles, Gooch No. 3
Evaporating dishes
1 No.6; 1 No.9
Miscella11eous Items

1
12
4
2 pkg.

3 bottles

1
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Ammeter, for electrolysis
Bolting cloth disks
Clamps
Filter paper
1 Whatman No. 4, 9 em.
1 Whatman No. 40, 9 em.
Indicator solution
1 phenol red
1 bromcresol purple
1 cresol red
Ocular micrometer

NUYBER

2

2 bags
1 lb.
1

1
7

ID!OUNT
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DESCRIPTION OF APPARATUS-(Contim~)

Platinum dishes
1 at 100 ml.
1 at 200 ml.
Rubber stoppers, assorted sizes
Sand, Berkshire quartz
Sieve, 200 mesh
Spatula
Stands
1 burette
1 electrolysis
1 for Nessler tubes
4 ring type
CHEliiCALS

Acetic acid, CP, glacial
1 lb.
Alpha-naphthylamine
t lb.
Ammonium acetate, CP
! lb.
Ammonium chloride, CP
1 lb.
Ammonium hydroxide, CP
4 lb.
Ammonium oxalate, CP
t lb.
Ammonium persulfate, CP
!lb.
Asbestos, grade A, for Gooch crucible
!lb.
Barium chloride, CP
1 lb.
Benzoic acid, USP, from toluol
1 lb.
1 gram Bromphehol blue
Chloroform, USP
1 lb.
Calcium chloride, granulated anhydrous, purified
1 lb.
Cobaltous chloride, CP
! lb.
Copper sulfate, CP, crystals
1 lb.
Ferrous ammonium sulfate, CP
t lb.
Ferrous sulfide, lumps
1 lb.
Fullers' earth
1 lb.
10 grams Erythrosine
Fuchsin basic
1 oz.
Hydrochloric acid, CP
6 lh.
Hydrofluoric acid, 48% CP
lib.
Hydrogen peroxide, 3% USP
1 lb.
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CllElliCALS-( Co11timted)

Iodine, resublimed, USP
Lead acetate, CP, crystals
Lead nitrate, CP, crystals
Mercuric chloride, CP
Magnesium ammonium phosphate, CP
Methyl orange
Orthotolidin, technical
Perchloric acid, 60% CP
Phenol, CP, crystals (carbolic acid)
Phenolphthalein, USP
Potassium aluminum sulfate, CP, crystals
Potassium chromate, CP
Potassium ferricyanide, CP , crystals
Potassium hydroxide, CP, sticks
Potassium iodide,.CP
Potassium nitrate, CP
Potassium oxalate, CP
Potassium permanganate, CP
Potassium sulfate, CP, powder
tJb.
Potassium thiocyanate, CP
t lb.
Pumice, granular
1 lb.
1 gram Platinic chloride, dry
Silver nitrate, CP
1 oz.
Silver nitrite
1 oz.
Silver sulfate
1 oz.
Soap, castile, bars
pb.
Sodium bismuthate, CP
1 oz.
Sodium calcium hydroxide, moist
1 lb.
Sodium carbonate, CP, anhydrous
1 l b.
Sodium chloride, CP
1 l b.
Sodium hydroxide, CP, sticks
1 l b.
Starch, soluble, CP
t lb.
Sulfanilic acid, CP
t lb.
Sulfuric acid, CP
9 lb.
Sulfuric acid, CP, fuming, 2Q-30%
1 lb.
Tin foil
lb.
Urea crystals, pure
lb.

1 oz.
t lb.
t lb.
t lb.
t lb.
1 oz.
i lb.
i lb.
i lb.
1 oz.
1 lb.
t lb.
t lb.
1 lb.
1 oz.
t lb.
t lb.
1 lb.
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Couni"''J Cell and
Cover Gloss

Ocular
Micromeler
Disk

Dropping Sollie
Cylinder

Condenser

Volumetric Aask

Erlenmeyer
Flask

0

--

•~

Policeman

Nessler p· ette
•P
Tube

Slirring Thermometer

Rod
Flc. 2

Washing

Bollle
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The abbreviations CP and USP represent grades of purity
as used by chemists.

Cossetole
I I

I
I
I
I

I
I
I
I

Gooch Crucible
and Holder

I I

~
oJ

Evoporoting Dish

Burelt!! Stand

Sieve

Filler Paper

3

Spatula

Ring Slone!
oncl Rings

Nessler Tube Stand

Ftc. 3

10. Illustrations of Glassware, Porcelain, and Miscellaneous Accessories.-In order to understand the procedure for
conducting the various analyses of water, it is advisable to be
able to associate the appearance of each piece of apparatus
with its name. The use of each piece will be indicated in the
descriptions of the tests. Most of the pieces constructed of
glass and mentioned in the list in the preceding article are shown
in Fig. 2. The name of each unit is given beneath the view.
In Fig. 3 are shown pieces constructed of porcelain and a few
miscellaneous items used in conjunction with the regular
apparatus.
ll. Description of Analytical Balance.-A knowledge of the
correct manipulation of the analytical balance is of importance
to the operator of a water-treatment plant. In Fig. 4 is shown
one type of analytical balance used in ordinary laboratory work.
For protection from dust and corrosion, the balance is enclosed
in a glass case fitted with sliding doors in front and in back. At
the top of the upright a is a piece b of agate on which rest the
knife edges c of the balance beam d. The stirrups e at the ends
of the beam rest on knife edges and support the scale pans f.
I n order that the entire balance case may be leveled, there is
an adjusting screw g at each corner. The upright a is vertical
when the air bubble in the spirit level h is in the center of the
tube. When the balance is not in use, the beam d is lifted off
its knife-edge support by means of the knob i on the front of
the case.
When the balance is to be used, the first step is to lower the
beam onto its support and to ascertain whether the scale pans f
are in perfect balance. If the pans are balanced correctly, the
index pointer j should come to rest at zero on the scale k when
the pans are released by manipulating the knob l. Usually, it
is sufficient to observe the swing of the pointer. If the pointer
swings the same distance each side of zero on the scale k, the
pans are balanced. However, if the pointer swings farther to
the left than to the right of zero, the right-hand pan is heavier

'10
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than the left-hand one; if it swings farther to the right than to
the left, the left-hand pan is heavier than the right-hand one.
The proper balance must be attained by means of the screws m
and H. When the right-hand pan is heavier, the screw m is
turned so as to bring that screw nearer to the supporting post a
or the screw 11 is turned so as to move that screw farther from
a; the reverse adjustments are made when the left-hand pan is
heavier. The drawer in the base of the balance case contains
the set of weights shown in Fig. 5, the spatula, and cleaning
brushes.

12. Method of Weighing.- In order to protect the pans on
the balance from corrosion, balanced watch glasses are sometimes used, one to each pan. The material that is to be weighed
is placed on the left-band pan or watch glass and enough weights
from the weight box are placed on the right-hand pan or watch
glass to bring about an approximate balance between the material and the weights. The smallest weight in the box is 10 milligrams. Since results to the nearest 10 milligrams are not accurate enough for laboratory work, there is a rider o, Fig. 4, which
rests on the beam d and serves to give a more accurate balance.
This rider weighs 10 milligrams, but its position along the
beam d, which is graduated as shown in view (b), determines the
effect it has in balancing the pans. Thus, if the rider were at
the graduation mark 1 on the beam, the effect would be equiva-
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lent to adding a weight of 1 milligram on the right-hand pan;
and, if it is in the position shown in view (b), the equivalent
load on the right-hand pan is 4.25 milligrams. The rider is
placed in position by means of the arm p' on the rod p, which
may be moved in or out as desired. The weights should be
handled with forceps, and not with the hands.

prevents heat from escaping during operation, and a rheostat d
controls the temperature of the heating unit.
The porcelain equipment must usually be heated before it is
used. Also, it is often desirable to beat water for washing.
Such heating may be done on
a hot plate, one type of which
is shown in Fig. 9. It consists
of a metal plate a that is supported on legs b and is heated
by electricity.
In Fig. 10 is shown a typical
hot-water bath. This is merely
a copper kettle that is somewhat hemispherical in form
and is provided with a fitted
cover and an opening for the
escape of steam. Heat is supplied by means of a Bunsen
burner.
Ftc. 8
A Jackson turbidimeter is
shown in Fig. 11. It consists of a metal support a, a metal
container b for a graduated glass tube c, and a standard candle
d that is made of beeswax and spermaceti and is set beneath
the tube c. The tube should preferably be graduated in parts
per million but may be graduated in milliliters.
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13. Other Equipment.-In Fig. 6 is shown a type of gas jet
known as a Bunsen burner. The gas line is connected to the
ribbed horizontal arm, and the flame jets from the top of the
vertical arm. The height and the color of the flame are adjusted

FlG.

6

FIG.

7

by rotating the collar that is located just above the connecting
arm, and thus opening or closing the air holes in the vertical tube.
A high-temperatme bumer is somewhat similar in construction,
but the air holes for controlling the flame are so arranged that a
hotter flame is produced.
An electrically-controlled drying oven is shown in Fig. 7.
Material to be dried is placed on the shelves a and the heat
is supplied by electricity through the connection in the side of
the oven.
In Fig. 8 is shown a muffle furnace, which is used for heating
samples to a high temperature. This furnace consists of a
heating unit a that is surrounded by an electrically-operated
heating coil and is mounted in a metal box b. A sliding door c

Ftc. 9

Ftc. 10

Tests for hydrogen-ion concentration are made by means of
color comparators, such as the LaMotte block comparator
shown in Fig. 12 (a) and (b). The various standard colors are
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contained in tubes a, which are kept in the wooden block b
shown in view (a). When the test is being made, the required
tubes are placed in the half c, view (b). After the test is completed, the two halves are placed together, thus protecting the
tubes against breakage.
A microscope is illustrated and described in the text Sa,~itary
Bacteriology.

necessaTY to determine the e.'{act specific gravity of the sample
at 4° C. and to divide the results obtained in the tests by this
specific gravity.
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15. Accuracy of Results.-The degree of precision used in
the tabulation of the results of the various analyses of water
has been standardized. In the case of ammonia, albuminoid
nitrogen, or nitrite nitrogen, the number of parts per million is
tabulated to three decimal places; thus, the amount of nitrite
nitrogen might be reported as 0.009. For all other materials,
the results are tabulated as follows : For parts per million
between 0.1 and 1, only two decimal places are used, as 0.47;
for parts per million between 1 and 10, only one decimal place
is used, as 6.4; for parts per million between 10 and 100, only
the nearest whole number is used, as 97; and for parts per
million greater than 100, only two significant figures are used,
that is, the values are taken to the nearest 10, as 140 rather
than 144, or 220 rather than 218.
When reports are shown in tabulated form, ciphers should
not be added on the right-hand side of the decimal point in
order to have the same number of decimal places in each value.
A sample tabulation indicating the correct form follows:
PARTS PER l\ln.LION

l.L\TBRIAL

Fie. 11

(a)
Fie. 12

EXPRESSION OP RESULTS IN ANALYSES

14. Determination of Parts per Million.-In most of the
physical and chemical analyses for water, the results are
expressed in parts by weight of the material under consideration
per million parts of water. The expression parts per million
is commonly abbreviated p.p.m. In calculations for determining parts per million, it is assumed that 1 liter of water weighs
1 kilogram, which is the weight of a liter of pure water at 4° C.
If mineral salts or other matter contained in the water cause the
weight of a liter to be more than 0.3 per cent above or below the
weight of a liter of pure water at the same temperature, it is

15

Residue on evaporation
Chloride
Albuminoid nitrogen
Alkalinity

120
3.2
0.082
35

PHYSICAL TESTS
TURBIDITY

16. Objections to Turbidity.-Water that carries in suspension so much clay, loam, and sand that it appears to be muddy is
said to be turbid. Although turbid water may be entirely
satisfactory from the standpoint of sanitation and public
health, its muddy appearance is objectionable to consumers.
The turbidity must, therefore, be reduced before the water
can be offered to the public for consumption. Filtered water
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with a turbidity of not more than 5 is satisfactory for public
consumption. When water with a turbidity of 5 is viewed
through a bottle, the turbidity is barely discernible. A turbidity of 100 gives water a very cloudy appearance, and a turbidity of 1,000 makes water nearly opaque.

the use of either instrument involves a comparison of reflected
light through prepared standards and the sample. However,
neither of these two turbidimeters is needed in the ordinary
operation of a water-treatment plant, as water with a turbidity
of less than 5 is considered satisfactory for public consumption.
The use of an instrument known as a turbidity rod is convenient
for measurements of turbidity in exposed bodies of water, such
as streams and Jakes.
A more recent type of turbidimeter, which is manufactured by
Hellige, Inc., may be used to indicate turbidities from 0 to 150.
The Hellige turbid4neter consists of a specially built apparatus, the operation of which is controlled by a knob on the side
of the box-like container. A tube containing the water to be
tested is placed in the box and is viewed through an eyepiece
at the top of the apparatus. If in the center of the observation
field there is a small circular spot that is either lighter or darker
than the general shade of the field, the operator turns the control knob until the spot disappears and the entire observation
field is of uniform shade. When this condition is obtained, the
turbidity may be read directly from the scale on the control
dial. The Hellige turbidimeter has the advantage that it can
be used without standard solutions.
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17. Causes of Turbidity.-The principal causes of turbidity
are the particles of soil that are picked up and carried by storm
water as it flows over the ground surface, and the silt and mud
that is washed from stream beds by erosion during high water.
The amount of turbidity in a water depends mainly on the
character of the watershed. Where the soil is largely clay, the
particles are easily removed by storm water and are carried into
the streams and lakes. But, where the soil either is largely
gravel or is covered with grass or woods, the storm water does
not remove much of the soil and the resulting turbidity in the
water supply is relatively slight. In the case of small streams,
the turbid water runs away quickly, and between storms the
water may be relatively clear. Large rivers, however, have
many tributaries which may contribute turbidity to the main
stream at different times, and the water in the river may be
turbid most of the time.
It is desirable to record each day the turbidity of the water
supplied to the plant and to check that turbidity with local
storm data. In this way the plant operator can tell in advance
the probable period of turbidity following a storm.
18. M easurement of Turbidity.-The standard unit of
turbidity is the turbidity that is produced by one part per
million of fullers' earth in a liter of distilled water. The
measurement of turbidity in the laboratory may be made by
means of a turbidimeter or by means of standard S1tspensions,
which are samples of water containing known amounts of suspended matter. When the turbidity is above 100, the Jackson
turbidimeter, shown in Fig. 11, is recommended. For turbidities between 5 and 100, the standard suspensions are recommended, although the Jackson turbidimeter is satisfactory for
values as low as 25. For turbidities between 0 and 5, the Baylis
turbidimeter or the St. Louis turbidimeter is recommended;
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19. Use of J ackson Turbidimeter.-When the J ackson
turbidimeter, shown in Fig. 11, is used, the tube c is placed in
its support so that the center of the tube is vertically above the
center line of the candle d. With the lighted candle in place, a
small portion of the sample of water is poured into the tube.
The image of the flame is then viewed by looking down through
the t ube and the water, while more water is slowly poured into
the tube. As the depth becomes greater, the image of the flame
gradually becomes fainter. When the image just disappears,
the number of the graduation mark on the tube at the surface
of the water is read. If the tube is graduated so as to indicate
the turbidity in parts per million, this reading is the required
turbidity. However, in case the tube is graduated in millimeters instead of in parts per million, the turbidity must be
determined from a rating table like Table I.
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TABLE I

rapbers. During the test the candle must be kept tight against
the top of the support. Also, a flame of constant size must be
maintained. T his may be accomplished by permitting the
candle to remain lighted only for a short time and by trimming
the wick each time the candle is extinguished. If the tube is
filled carefully, the removal of 1 per cent of the water at
the end o{ the test should make the image of the flame again
visible.

TURBIDITY EQUIVALENTS FOR VARIOUS DEPTHS OF LIQUID DETERMINED BY
JACKSON CANDLE TURBIDIMETER
Maximum
~th

or L1quid
Centimeters

Turbidity
Equivalent
Parts per
!.Jillion

Maximum
Depth
or L1quid
Centimeters

Turbidity
Equivalent
Parts ~r
:\limon

:\la.Umum
Depth
of Liquid
Centime-ters

TurlMdity
Equivalent
Parts per
Million

2.3
2.6
2.9
3.2
3.5
3.8

1,000

7.0

900
800
700
650
600

7.3
7.5
7.8
8.1
8.4

310
300
290
280
270
260

16.6
18.0
19.6
21.5
22.6
23.8

130
120
110

4.1
4.5
4.9
5.5
5.6
5.8

550
500
450
400
390
380

8.7
9.1
9.5
9.9
10.3
10.8

250
240
230
220
210
200

25.1
26.5
28.1
29.8
31.8
34.1

85
80
75
70
65
60

5.9
6.1
6.3
6.4
6.6
6.8

370
360
350
340
330
320

11.4
12.0
12.7
13.5
14.4
15.4

190
180
170
160
150
140

36.7
39.8
43.5
48.1
59.0
61.8
72.9

55
50
45
40
35
30
25

100
95
90

A sample that has a turbiclity of more than 1,000 must be
diluted with turbiclity-free water so that the turbidity of the
diluted liquid is below 1,000. The turbidity of the diluted liquid
is then determined by means of the candle turbidimeter, and
this value is multiplied by the ratio of the total volume of the
diluted liquid to the volume of the original sample in order to
obtain the turbidity of the original sample. For example, if a
sample is cliluted to four times its original volume and the
turbidity of the diluted liquid is found to be 800, the turbidity
of the sample is 800X4=3,200.
All observations for turbidity should preferably be made in a
dark room. If a dark room is not available, the observer should
place over his head a black cloth similar 1;o that used by photog-
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20. Use of Standards for Determining Turbidity.-For
water that has a turbiclity between 5 and 100, the turbidity is
readily determined by comparison with standard suspensions
in bottles. The standard suspensions can be purchased from
chemical supply houses or may be prepared in the following
manner:
About 5 grams of fullers' earth {or, in special cases, sediment
that has been treated with acid and carefully washed) is placed
in !liter of distilled water and the mixture is agitated by stirring
every 10 or 15 minutes for an hour. Then the water is allowed
to stand for 24 hours without disturbance. At the end of that
time, the liquid is withdrawn from the bottle without clisturbing
the sediment in the bottom, and the turbidity of this liquid is
determined by means of the candle turbiclimeter. Various
portions of this basic suspension are then diluted with enough
turbiclity-free distilled water to give the desired standards of
turbidity between 5 and 100 in volumes of lliter. For example,
if the basic suspension has a turbidity of 4,000 and it is desired
to make !liter of a standard with a turbidity of 20, the num~r
of milliliters of the basic suspension to be used in 1liter of the
standard is

4.~~0 X 1,000 = 5; in other words, 5 milliliters of the

basic suspension are diluted to a liter with distiUed water. The
bottles containing the standards should have enough empty
space to permit free agitation of the liquid. Also, the graduated
vessel used for measuring the volumes should be rinsed thoroughly with distilled water after each standard. is poured out,
and the basic suspension should be well shaken before each
portion is withdrawn.
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New standards should be made at least once each month.
They should be kept in clean, acid-resistant bottles. These
bottles should have a capacity of at least 1 liter and should be
t ightly stoppered. In some cases it may be necessary to add a
small amount of mercuric chloride to the standards
to prevent the growth of algae or bacteria.

at right angles to the bar, as shown. In order to measure the
turbidity of a water, the observer puts a stick in the ring d so
that he can hold the turbidity rod rigid and in a vertical position. Then he places his eye at the zero graduation mark,
which is labeled "Place Eye Here," and looks at the wire cas he
lowers the rod into the water. He continues to lower the rod
until he can no longer see the wire c. The rod is so graduated
that the reading of the rod at the water surface gives the turbidity in parts per million.

21. When turbidity is to be determined by the
use of standard suspensions, a sample of the water
to be tested should be placed in a bottle of the
same type as those containing the standards.
Both the sample and the standards should be well
shaken. A comparison is made by placing the
sample and one of the standards side by side and
in such a position that the light iJluminates them
from above and the direct rays from the source of
light do not strike the eye when the bottles are
viewed from the side. Some well-defined object,
such as a white paper with parallel black lines
ruled on it, is placed behind the two bottles. The
object is viewed through each of the two bottles
simultaneously, and a comparison is made of the
distinctness with which it can be seen through
each bottle. Different standards are tried in turn,
and the turbidity of the sample is considered to
be the same as the turbidity of the standard used
when the background appears most nearly the
same through the standard as through the sample.

22. Turbidity Rod.- F or field measurements
of turbidity, it is convenient to use a · United
States Geological Survey turbidity rod, which
is ~hown in Fig. 13. This instrument consists of
tt a graduated aluminum bar a that is 8 inches long
and a graduated non-stretchable tape b that is 4
FIG. l3
feet long and is attached to one end of the bar a.
Through the opposite end of the bar is passed a screw that has
at one end a platinum-plated wire c about 25. millimeters long,
and at the other end a nickel-plated ring d. The wire extends
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23. Method of Recording Results of Turbidity Test.-The
results of turbidity determinations are recorded in parts per
million as follows:
VALUE REcoRDED
TO NEAREST

TURBIOlTY

0 to 0.9
1 to 10
11 to 100
101 to 400
401to700
Over 701

0.1
1 .

5
10
50
100
COLOR

24. Objections to Color.-The most serious objections to
color in water are the unsightly appearance of the water and
the occasional tendency to stain clothing. The average consumer is suspicious of the quality of any water that is colored.
I n general, local conditions determine the permissible amount
of color, but in modern water-supply systems it is considered
advisable to keep the color value below 10. Complaints from
consumers are frequent when water has a color in excess of 10.
A color of 20 is quite noticeable when the water is run into a
porcelain bowl or tub, but is barely perceptible when the water
is in a glass tumbler.
25. True and Apparent Color.-The color in water is
generally derived from the leaves, peat, logs, or other vegetable
matter with which the water comes in contact, but sometimes
color is due to iron and manganese combined with vegetable
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matter. According to Sta11dard 1\lethods, the true color is the
color caused only by materials in solution in the water, and the
appare11t color is the color caused by both the materials in solution and the materials in suspension. If the water is relatively
clear, there will be practically no difference between the true
color and the apparent color; but, if the water is turbid, the
suspended matter may change the color considerably. In order
to determine the true color, the suspended matter must be
removed. This should be done by centrifuging, that is, by
subjecting the water to a rotating motion in a perforated container. T he water escapes through the perforations, while the
suspended matter is retained in the container. Filter paper
should not be used for removing suspended matter, as it may
remove also some of the true color.

beaker is partly filled with aqua regia, which is a mixture of
nitric acid (HN03) and hydrochloric acid, and 0.5 gram of
metallic platinum is dissolved in the liquid. The nitric acid is
then removed by adding hydrochloric acid to the solution and
evaporating to dryness; in order to insure complete removal of
the nitric acid, this process must be repeated several times.
The resulting dry product and cobaltous chloride are dissolved
in hydrochloric acid and the solution is diluted with distilled
water, as explained for the potassium chloroplatinate.
For use in the analyses, it is desirable to prepare standards
having colors of 5, 10, 15, 20, 25, 30, 35, 40, 50, 60, and 70.
T hese stand¥rls may be prepared by placing in Nessler tubes
0.5, 1, 1.5, 2, 2.5, 3, 3.5, 4, 5, 6, and 7 milliliters of t he standard
solution whose color is 500 and then adding to each tube enough
distilled water to make a total volume of SO milliliters.
T he tubes containing t he standards must be covered so as
to keep out dust and prevent evaporation of liquid. T his is
accomplished as follows : First, a sealing material like collodion
or Canada balsam is applied to the top of each Nessler tube by
means of a camel's-hair brush. Then, a micro cover glass is
placed over the end of the tube by the use of forceps, and the
entire junction of the cover and the tube is brushed with more
sealing material.
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26. Color Standards.- T he color of a sample of water is
determined by a comparison with prepared standards, the
values of which are based on the platinum-cobalt method of
measwing color. The unit of color is that produced by 1 milligram of platinum per liter of water. For use in the laboratory,
the standards are solutions of various strengths that are kept in
Nessler tubes. However, for field observations, 't hese liquid
standards are impractical, and fairly accurate results are
obtained by the use of glass disks, which have colors of various
depths that agree with the colors of the liquid standards. These
glass disks can be purchased from chemical supply houses.
27. Preparation of Platinum-Cobalt Standards. -A standard
solution of platinum and cobalt with a color of 500 is prepared
in the following manner : A container having a capacity of
1 liter is partly filled with water and 100 milliliters of concentrated hydrochloric acid (HC[). I n this liquid are dissolved
1.245 grams of potassium chloroplatinate (K2 P tCl 6 ), which
contains 0.5 gram of platinum; and 1 gram of crystallized
cobaltous chloride (CoC~.6H20), which contains 0.248 gram of
cobalt. Then enough distilled water is added to bring the total
volume to ! liter.
The following alternative method may be used when no satisfactory supply of potassium chloroplatinate is available. A
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28. Determination of Color.-When the platinum-cobalt
standards are used to determine color, a Nessler tube is filled
with the sample of water to the same depth as is each t ube
containing a standard. The water is then compared with each
of several standards in turn by looking downward through t he
two t ubes at a white or mirrored surface, which is so placed that
the light is reflected upward through the tubes. The color of
the sample, in parts per million, is considered to be the same as
the color value of the standard tube that appears to have most
nearly the same color. If the color of the sample is greater than
70, the sample must be diluted with distilled water before the
comparison with the standards is made. When dilution is
necessary, it is usually preferable to dilute the sample so t hat
the total volume will be exactly two, five, or ten times the
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original volume. The actual color of the original sample will
then be two, five, or ten times the color of the diluted sample
that is indicated in the test.
When glass standards are used, some of the water in a
Nessler tube is compared with each of several disks by holding
t he Nessler tube and the disk at the ends of metallic tubes, and
looking through these tubes toward a white surface. The glass
disks used by the United States Geological Survey are recognized
as standard.

detect their presence. Therefore, the sense of smell is used to
establish the presence of such substances. Since heat intensifies
most odors, the tests for odor may be made on hot as well as on
cold samples of the water. Tests for odor should be conducted
in a room that is free from interfering odors. Also, as the sense
of smell is quickly fatigued, the work should be carried on only
for short periods of time.
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29. Expression of Results of Test for Color.- The results of
color tests are recorded in parts per million as follows:
COLOR

VALUE RECORDED
TO NEAREST

1 to 50
51 to 100
101 to 250
251 to 500

1
5
10
20
ODOR

30. Objections to Odor.-From the sanitary standpoint,
odors are of relatively minor importance. However, the
average consumer of water considers the presence of odors in
the water an indication of questionable quality. Odor in water
is probably the most common cause for consumer complaints.
Therefore, it is essential that the cause of odors be identified
and that either the cause or the odor be removed from the water:
Often a water containing odors will also have a taste, and the
removal of one automatically removes the other. In fact,
tastes are so closely related to odors that, in the usual cases,
it is sufficient to test the water for odor and a test for taste is
not necessary.. A satisfactory drinking water should be practically odorless and tasteless.
31. Nature of Odor.-Qdors generally result from decomposing organic matter, certain types of microscopic life, and
industrial wastes. The substances causing odors are usually
in such weak concentrations in the water that the chemical
analyses ordinarily made at a water-treatment plant will not
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32. Measurement of Odor.-In order to determine
the intensity of odor in a sample of water, it may be
necessary to make various dilutions of the sample.
Such dilutions must be made with odor-free water.
A good way to obtain odor-free water is by adding
0.5 gram of powdered activated carbon to each liter
of ordinary tap water, stirring the water every few
minutes for 30 minutes, and then filtering the water c
through well-washed filter paper. All glass bottles or
flasks that are to be used in the odor test must have
glass stoppers or must be covered with inverted glass a
dishes or beakers. Also, they must be thoroughly
cleansed with a cleaning solution and, immediately
before being used, must be rinsed with boiling odorfree water.
In testing for cold odor, the sample of water is
brought to a temperature of 20° C. and is shaken in
a 250-milliliter bottle, which is not more than twothirds filled. Then the odor is tested ~y removing
the stopper and immediately sniffing at the mouth
of the bottle. I n the case of hot odor, about 200
milliliters of the sample is placed in a 500-milliliter Fie. H
Erlenmeyer flask. The flask is stoppered and the
water is heated to 65° C., the heated sample is agitated by rotating the flask, and then the odor is tested at once in t he same
manner as for the cold odor . I n order to obtain comparable
results in the odor tests, it is preferable to use an instrument
known as an osmoscope.
33. Use of Osmoscope.-In F ig. 14 is shown a type of
osmoscope that can be made in the laboratory. This instru-
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ment consists of two glass tubes a, which are ~ inch in diameter
and 12 inches long. The tubes are kept about -fs inch apart
by a spacer b made of cork, and are held firmly against the
spacer by a band c of adhesive tape. Each tube is open at
both ends; the lower end is plain and the upper end is beveled
at an angle of 45°. When odor is to be tested by means of
this instrument, the sample of water is placed in a flask that is
only partly filled, the tubes are held in the flask so that the
lower ends are slightly above the surface of the liquid, but not
in the liquid, and the upper ends of the tubes are inserted in
the nostrils.
If an odor is detected in the original sample, 200 milliliters
of the sample is mixed with 200 milliliters of odor-free water
and 200 milliliters of the mixture is removed and placed i~
another 500-milliliter Erlenmeyer flask. This dilution process
may have to be repeated several times, 200 milliliters of odorfree water ~ing added to 200 milliliters of each previously
prepared mtxture. The degree of dilution for each mixture is
double that of the previous one. Thus, the degree of dilution
obtained by the first addition of water is 1 in 2; that obtained
by the ~ond addition is 1 in 4; by the third, 1 in 8; by the
fourth, 1 m 16; and so on. The required number of dilutions
depends on the strength of the odor of the undiluted sample.
After the mixtures have been prepared, the test with the osmoscope is made on successive mixtures, the flask containing the
greatest dilution being tried first, until one is reached in which
an odor is just detectable. This slight odor is called the
threshold odor.
The number of additions of water that produced the mixture
with the threshold odor is known as the odar intensity, or pO
oolue {the letters p and 0 are pronounced separately). The
reciprocal of the degree of dilution for that mixture is known
as the odor couce11lration. Values of the odor intensity and the
odor concentration corresponding to various dilutions are
given in Table II.
34. By the use of an osmoscope that is manufactured and
sold commercially, the procedure in the odor test is consider-
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TABLE II
ODOR VALUES

X umber of Additions
of Waur to Produoo
Mixture with Threshold Odor

No perceptible odor in
undiluted sample
0
1

2
3
4
5
6

Odor Intensity
or />() Value

Odor
Concontra tion

None
0

0

1

2
3
4

5
6

1
2
4
8
16

32
64

ably simplified, as it is not usually necessary to dilute the
original sample of water. This osmoscope consists of tubes
which slide inside each other like the parts of a telescope and
the pO values from 0 to 6 are indicated by graduations on the
instrument. By adjusting the instrument successively to the
different graduations, inserting the tube in the flask containing
the sample at each setting, and sniffing, it is possible to read
directly any pO value between 0 and 6. If the pO value is
greater than 6, it is necessary to dilute the sample and to make
another test, but such dilution is seldom necessary with water
samples.
35. Expression of Results of Test for Odor.- The odor concentration indicates the volume to which the water must be
diluted in order to reduce the odor so that it will be barely perceptible. If no odor is detected in the undiluted sample, the
term absent should be used in referring to the odor value. The
numerical values have the following practical meanings: 0, no
perceptible odor; 1, very faint odor, detectable only to a trained
observer; 2, faint odor, noticeable to an average person if he is
told about it; 3, distinct odor, readily detectable by most
people; 4, decided odor; 5, strong and intense odor; and 6,
extremely strong odor.
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TABLE ill
ODOR CHARACTERISTICS
Code
Letters

A

Aromatic (Spicy)
Ac

B
Bg

Geranium

Bn

Nasturtium

Bs

Sweetish

Bv

Violets

Chemical

Cc
Ch
Cm
Cs

Df
Dp
Ds

Pigpen
Septic

E

Ep

V

Chlorinous
Hydrocarbon
Medicinal
Sulfuretted
Disagreeable
Fishy

D

M

Cucumber
Balsamic (Flowery)

C

G

Nature
o£ Odor

Description or Probable
Ciluse of Odor

Such as odor of camphor, cloves, lavender,
and lemon
Such as odor o£ the proto.z oa known as Synurn
Such as odors of geranium, violets, and
vanilla
Such as odor of the algae known as Asterionella
Such as odor of the algae known as Aphanizomenon
Such as odor of the algae known as Coelosphaerium
Such as odor of the protozoa known as
Mallomonas
Such as odors due to industrial wastes or
chemical t;reatment
Such as odor of free chlorine
Such as odors of oil refinery wastes
Such as odors of phenol or iodoform
Such as odor of hydrogen sul£ide
Pronounced unpleasant odors
Such as odors of the protozoa known as
Uroglenopsis and Dinobryon
Suchasodorof thealgaeknown as Anabaena
Such as odor of stale sewage

Earthy
Peaty

Such as odor of damp earth
Such as odor of peat

Grassy

Such as odor of crushed grass

Musty
Mm
Moldy
Vegetable
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The number that indicates the pO value is usually prefixed
to a letter or two letters describing the character of the odor.

In Table III are given the usual code letters used on report
sheets, the nature of the odor corresponding to each notation,
and a brief description of the characteristics of the odor. Thus,
the notation 2Cc under the record for odor would indicate a
faint, but noticeable, chlorinous odor, such as may be caused by
free chlorine.
TEMPERATURE

36. T emperature measurements are made merely by reading a thermometer that is immersed in the water. Although
temperatures above 60° F. are objectionable, the plant operator
usually bas no control over the temperature. Occasionally,
however, the tem'perature of the water can be lowered by covering or otherwise protecting pipes that are exposed to the sun;
by covering a shallow storage basin or reducing the period of
time for which the water is held in such a basin; or by changing
the layout of the plant.
CHEMICAL ANALYSES
TYPES OF SOLUTIONS

37. Strength of Solution.-In the chemical tests for water,
reference is made to normal solutions of acids and hydroxides.
A normal solution of an acid is one in which the amount of
solute, in grams, dissolved in 1 liter of water is equal to the
molecular weight of the solute divided by the number of hydrogen atoms which can be replaced by atoms of a metal. In the
case of a normal solution of a hydroxide, the number of grams
of solute in a liter of water is equal to the molecular weight
of the solute divided by the number of replaceable hydroxyl
radicals. The abbreviation 1N, or

~·

is commonly used to

Such as odor of decomposing straw
Such as odor of damp cellar

indicate a normal solution. A solution that is one-tenth as

Such as odor of root vegetables

strong as a normal solution is indicated by the notation

1~ or

0.1N, and a solution that is three times as strong as normal is
indicated by 3N.
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38. Reaction of Solution.-A solution in which acids
predominate is said to have an ~ reactum; and a sol~tion
in which hydroxides or other alkaline compounds predonunate
is said to have an alkaliue reaction. If the solution contains
equivalent amounts of acid and alkali, it is said to be a 11eutral
sol11tion. The usual test for determining whether a solution is
acid or alkaline consists in adding litmus to the solution and
noting whether the mixture turns red or blue. If it turns red,
the reaction of the solution is acid; if it turns blue, the reaction
is alkaline.
The process of making a solution neutral by the addition of
acid or alkali is known as neutralizatio". When it is desired
to neutralize a solution, the acid or alkali must be added drop
b y drop as the neutral point is approached. The process of
adding a liquid to a solution in order to obtain a certain condition, such as a neutral solution, is called titratio1~. There are a
number of special dyes, called 1mdicators, for determining the
degree of acidity or alkalinity of a solution. Each such dye
changes color at a certain degree of acidity or alkalinity in the
solution.

chlorides, and nitrates of calcium and magnesium and also to
any other non-carbonate compounds that cause hardness. Not
all carbonate hardness can be removed from water by boiling,
and therefore temporary hardness is not the same as carbonate
hardness. The substances that cause carbonate hardness in
water also tend to make the water alkaline, but the substances
that cause non-carbonate hardness do not change the alkalinity
of the water.
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HARDNESS

39. Carbonate and Non-Carbonate Hardness.- The property of water known as hardness is due mainly to the solution
of carbonates, bicarbonates, sulfates, chlorides, or nitrates of
calcium and magnesium. Calcium, or lime, compounds are
the most common source of hardness in water supplies, as they
are readily dissolved from limestone deposits. However, compounds of magnesium are also an important cause of hardness.
T o a lesser extent, hardness may be caused by certain compounds of iron and aluminum.
.
Hardness in water is commonly classified as temporary hardness or perma1te11t hardness. Temporary hardness can be
removed by boiling the water, while permanent hardness can
not be removed by boiling. A better classification of hardness
for technical purposes denotes the hardness by the terms carbonate hardness and non-carbonate hardness. Carbonate hardness is due to carbonates and bicarbonates of calcium and
magnesium; and non-carbonate hardness is due to sulfates,
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40. Objections to Hard Water.-Hardness in a water
supply is not dangerous to health, but is objectionable for
many reasons. One of the most important objections is that
hardness diminishes very considerably the capacity of the water
to form a ]ather with soap. The soap and the salts imparting
hardness to the water form a precipitate or curd, and a great
deal of soap is used before a lather is obtained. When hard
water is used in laundry work, in wool scouring, and in washing
processes in the manufacture of textiles, not only is much of
the soap wasted but the precipitate adheres to the fabrics.
In dyeing work, hard water also modifies some of the colors.
Carbonate hardness is particularly undesirable in water used
in steam boilers, because, when the water is heated to the
boiling point, much of the calcium and magnesium is precipitated in the form of a substance called boiler scale that adheres
to the boiler shell; this coating reduces the capacity of the
boiler and eventually may cause the tubes to leak or bum
out. Calcium deposits also tend to choke water heaters and
range heaters, making frequent cleanings and replacements
necessary.
Since hardness is not a dangerous quality of water, no exact
line is drawn as to the amount of hardness permissible. In fact,
the usual standards vary materially in different sections of the
country. In general, the purpose for which a water is to be
used determines the necessity for softening. For heating
systems, steam boilers, or laundry purposes, water with as much
as 150 parts per million of total hardness should be softened ;
but, for domestic uses, a much greater hardness may be used
without serious trouble. Most railroads consider it advisable
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to treat hard waters so as to remove the substances that may
cause scale and deposits in the boilers of locomotives.
41. Measurement of Hardness.-The hardness of water is
measured by the calcium-carbonate equivalent, which is the
amount of calcium carbonate that would produce the same
degree of hardness as do the various substances_ actuall! producing the hardness. The calcium-carbonate equtvalent ts used to
measure hardness even when there is no calcium carbonate in
the water. Hardness is usually expressed in parts per million
of calcium carbonate, but may also be expressed in grains of
calcium carbonate per gallon of water. For measurements in
grains per gallon, it is convenient to remember that 1 ~n
per United States gallon is equivalent to 17.1 p.arts per milli~n
or 143 pounds per million gallons; and 1 gram per Impenal
gallon is equivalent to 14.3 parts per million or 119 pounds
per million gallons.
The total hardness of a sample of water may be determined
by making tests for finding the calcium-carbonate equivalents
of all compounds of calcium and of all compounds of magnesium
and adding the results. However, this method involves a
careful and exact laboratory procedure of a type not generally
necessary in water-treatment work. Two other methods of
obtaining total hardness are the ooap method and the sodareagent method. Neither of these methods is exact, because
the soap method really determines the soap-consuming power
of the water and the results in the soda-reagent method are
affected by the solubility of the calcium and magnesium salts.
Nevertheless, for practical work either of these two methods is
satisfactory.
42. Reagents for Soap Method.-In order to make the soap
test for determining the hardness of water, it is necessary to
have certain chemicals or reagents. The types of reagents and
the methods of preparing them are as follows:
A standard solution of calcium chloride is prepared by first
dissolving 0.5 gram of calcite, or pure calcium carbonate
(CaC0 3}, in a small amount of dilute hydrochloric acid (HCl),
care being taken not to spatter the acid. The sides of the vessel

I
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are then washed down with distilled water that is free from
carbon dioxide, and the solution is given a slightly alkaline
reaction by adding ammonium hydroxide (NH 40H). Finally,
enough distilled water that is free from carbon dioxide is added
to make a total volume of 500 milliliters, and the solution is
put into a glass-stoppered bottle for storage. Each milliliter
of this diluted solution is equivalent to 1 milligram of calcium
carbonate.
A standard soap solution that consists of pure castile soap
and 80% grain alcohol in proper proportions is purchased from
a chemical supply house or is prepared at the plant. For
small water-treatment plants the use of a purchased solution
is recommended. To make a standard soap solution, it is first
. necessary to prepare a stock solution that is about 10 times
as strong as the required standard solution. This stock solution is obtained by placing 100 grams of pure castile soap in
1 liter of 80% grain alcohol, shaking the mixture vigorously,
permitting it to stand for at least 12 hours, and then decanting
the liquid portion. In this decanting process, the liquid, which
is the required stock solution, is poured off without disturbing
the settled material. A quantity of standard soap solution is
made up by diluting a certai.D. amount of the stock solution
with just enough 80% grain alcohol to make 1 milliliter of the
standard soap solution equivalent to 1 milliliter of the standard
calcium-chloride solution.
A certain amount of soap solution would be required to
produce a lather even in distilled water. This amount of soap
solution is known as the lather factor. Usually, the lather
factor varies with different soaps from 0.5 to 1.4 milliliters of
soap solution for 50 milliliters of distilled water. Allowance
for
lather factor must be made in preparing the standard
soap solution and in making the soap test.

the

43. Standardization of Soap Solution.-In order that the
standard soap solution will be of the proper strength, the
following procedure is carried out: The first step is to dissolve
a known volume of the stock soap solution in about 8 or 9
times that volume of 80% grain alcohol. The second step is
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to determine the lather factor for this diluted soap solution by
placing in an 8-ounce bottle SO milliliters of distilled water that
is free from carbon dioxide; adding the soap solution from a
burette drop by drop and shaking after each addition until,
with the bottle stoppered and laid on its side, a lather remains
over the entire water surface for ? minutes; and finding the
amount of soap solution that was used by taking the difference
between the readings of the burette at the beginning and end
of the test. The third step is to place 25 milliliters of the standard calcium-chloride solution in an 8-ounce bottle, to add 25
milliliters of distilled water that is free from carbon dioxide, and
to titrate with the diluted soap solution until a permanent lather
is produced. After each drop of soap solution is added, the
bottle is stoppered and shaken vigorously, and is then placed
on its side. If the difference between the required number of
milliliters of diluted soap solution and the lather factor for that
solution is exactly equal to 25, which is the number of milliliters
of calcium-chloride solution that was used, the trial dilution of
the stock soap solution is correct and the standard soap solution should be made up with the same proportions of the stock
soap solution and 80% grain alcohol. If the difference between
the number of milliliters of the diluted soap solution and the
lather factor is not 25, a different dilution of the stock soap solution must be prepared and the standardization test must be
repeated.

vigorously and placed on its side after each addition of soap
solution.
When a lather remains on the surface of the liquid for 5
minutes, it may be assumed that the true e11d-poi1zt of the test
is reached. Sometimes a false eud-poi11t is obtained when the
magnesium salts a lone have been precipitated. However, the
lather at this false end-point seldom remains for 5 minutes. In
order to determine the actual condition, more soap solution
may be added, and the bottle shaken again. If the lather disappears, calcium salts still exist in solution; but, if the lather is
heavier than before, the true end-point was reached previously.
The total hardness of the water, in parts per million of
calcium carbonate, is found by first subtracting the lather factor ·
from the total number of milliliters of soap solution required and
then multiplying the remainder by 20. For example, if the
lather factor is 0.9 and a total of 5.2 milliliters of soap solution is
used, the hardness is (5.2-0.9)X20=86 p.p.m.

44. Procedure in Making Soap Test.- To make the actual
test for the hardness of a given water by the soap method,
50 milliliters of the sample of water is placed in an 8 -ounce
bottle, and the standard soap solution is added from a burette,
a small amount at a time, until a permanent lather is ootained.
Usually, each of the first few additional amounts, or increments,
of the soap solution is equal to the lather factor, and each increment near the end of the test amounts to 0 .1 or 0.2 milliliter.
The amount of each increment may be regulated by means of
the stop cock on the burette, and the total amount of solution
that is used is determined from the readings of the burette at
the beginning and end of the test. The bottle should be shaken

acid (H.S04); and methyl-orange indicator.
To make the test for non-carbonate hardness, 200 milliliters of the sample of water is placed in a 500-milliliter Erlenmeyer fiask, and 200 milliliters of distilled water is placed in a
similar fiask. The liquid in each fiask is treated in the following manner: The liquid is stirred thoroughly, it is boiled for 15
minutes in order to drive off any free carbon dioxide that may
be confined in it, and 25 milliliters d the soda reagent is added.
The mixture in the fiask is next boiled for 10 minutes, is allowed
to cool, and is then rinsed into a graduated 200-milliliter flask
in which it is diluted to 200 milliliters with distilled water that
has also been boiled. This dilute solution is filtered, the first

45- Soda-Reagent M ethod.- The soda-reagent method may
be used for determining either the non-carbonate hardness or
the total hardness of water. The reagents required for the
t est are the following: Soda reagent, which is prepared by dissolving 2 grams of sodium hydroxide (NaOH) and 2.65 grams of
anhydrous sodium carbonate (Na£;03) in distilled water and
diluting the solution so that its volume is 1 liter;

t

~ sulfuric
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SO milliliters of the filtrate, or filtered liquid, being thrown away.
Then, SO milliliters of the remaining filtrate is titrated with

N sulfuric acid. In order to bring about a change of color

.

~

in the liquid, 2 drops of the color indicator methyl orange 1s
added. The titration is stopped when the color changes from
orange to red.
The resulting non-carbonate hardness, in parts per million
of calcium carbonate, is computed by first subtracting the
number of milliliters of ~ sulfuric acid required for the titration of the soda reagent in the treated sample of the water under
inves~igation from the number of milliliters of acid required for
the titration of the soda reagent in the treated distilled water;
and then multiplying the difference by 20. For example, if 3.5
milliliters of

'!~o sulfuric acid is needed
. for the color change in

the treated distilled water and 1.4 milliliters is needed in the
treated sample of the water under investigation, the resulting
non-carbonate hardness of the sample is (3.S-1.4)X20=42
p.p.m.
To find the total hardness of water by the soda-reagent
method, the first step is to add

fa sulfuric acid to 200 milli-

liters of the sample of water in the presence of methyl-orange
indicator until the color is no longer pure yellow, that is, until
the faintest pink coloration appears. The carbonate hardness
in parts per million is S times the required number of milliliters
of acid. Then the soda-reagent method for non-carbonate
hardness is applied, and the total hardness is taken as the sum
of the carbonate hardness and the non-carbonate hardness.
Certain modifications for particular types of water may be
required. The special conditions involved in such cases are
described in Standard Methods.

HYDROGEN-ION

CONCENT~TION,

PLANTS, PART 2

97

ALKALINITY, AND ACIDITY

46. Nature of Alkalinity and Acidity.-Most of the waters
found in nature possess either alkaline or acid properties, but
some waters are neutral, that is, neither alkaline nor acid.
Alkalinity of water is usually caused by bicarbonates of calcium
and magnf'_c;ium or by carbonates or hydroxides of sodium,
potassium, calcium, and magnesium. Alkalinity due to bicarbonates is known as bicarbonate alkalinity; that due to carbonates, as carbonate alkalinity; and that due to hydroxides, as
hydroxide, or cattstic, alkalinity. Although some of the cOmpounds that cause alkalinity also cause hardness, the total
amounts of alkalinity and hardness are the same only where
calcium and magnesium carbonates alone are present. Acidity
in water is caused by the presence of mineral acids, free carbon
dioxide, and sulfates of iron and aluminum.
Carbon dioxide may exist in water in three forms, namely,
as free carbon dioxide, as bicarbonates, and as carbonates.
One-half of the carbon dioxide in the form of bicarbonates is
known as half-bound carbo1~ dioxide. The sum of all the carbon
dioxide in the form of carbonates and one-half of the carbon
dioxide in the form of bicarbonates is known as bound carbo1~
dioxide.
In water treatment, it is important to consider both the
amounts of the substances that cause acidity or alkalinity, and
also the intensity of the strength of the acidity or alkalinity.
The quantity of acid or alkali present may be determined by
quantitative chemical analysis, in which case the results are
given in parts per million of calcium carbonate. The intensity
of strength of the acidity or alkalinity of the water may be
expressed by the ltydrogelf-ioa cotrcentration. The more general
practice, however, is to express it by the pH oolue (the letters
p and Hare pronounced separately). The pH value may be
determined by a colorimetric method or an eledrometric method.
The determination and control of alkalinity and acidity are
important in preparing water for treatment, in softening water,
and in preventing corrosion of piping by the water. In preparing the water for treatment, it is usually necessary to adjust
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the alkalinity or acidity of the water by means of chemicals.
A knowledge of the pH value is then of great usefulness, because
it can be determined quickly and easily by comparatively simple
methods and without resort to lengthy and careful laboratory
procedure. Water that is to be used for domestic purposes
should preferably be slightly alkaline. In fact, an alkalinity
of as much as 100 parls per million is not objectionable.

figure and, therefore, is awkward for use in general practice.
A more convenient scale of values, known as the pH scale, is
commonly used to represent the degree of alkalinity or acidity.
The pH values of liquids are indicated by numbers ranging
from 0 to 14. A pH value between 0 and 7 indicates acidity,
the degree of acidity being less for a higher pH value than for
a lower value. A pH value between 7 and 14 indicates alkalinity, the pH value increasing as the degree of alkalinity
increases. Thus, a pH value of 5.8 indicates a greater degree of
acidity than does a value of 6.6; a value of 7.0 indicates a
neutral liquid; and a value of 7.4 indicates a lesser degree of
alkalinity than does a value of 9.4. For ordinary plant operation work, the pH value is expressed to only one decimal place.
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47. Hydrogen-Ion Concentration.- The basis for expressing
acidity or alkalinity by the hydrogen-ion concentration or the
pH value is as follows:
Under certain conditions, molecules of chemical compounds
dissociate into two or more parts, called ions. An ion is an
atom or a group of atoms containing charges of either positive
or negative electricity. Thus, a molecule of pure water (HtO),
which contains two atoms of hydrogen and one atom of oxygen,
may dissociate into two ions. One of these ions is a hydrogen
ion, which carries a positive charge of electricity and is commonly denoted by the symbol H+. The other ion is a hydroxyl
ion, which carries a negative charge of electricity and is commonly denoted by the symbol OH-. There is always some dissociation of the molecules in water and, therefore, free hydrogen
ions and hydroxyl ions are always present in water. Also, the
product of the hydrogen-ion concentration and the hydroxylion concentration in water remains a constant. Pure water,
which is neither acid nor alkaline, contains equal numbers of
hydrogen ions and hydroxyl ions. If the water becomes
slightly acid, the hydrogen-ion concentration increases and
continues to increase as the acidity becomes greater; if the
water becomes alkaline, the hydrogen-ion concentration
decreases and continues to decrease as the alkalinity increases.
48. Significance of pH Value.-Dne method of expressing
the hydrogen-ion concentration is by means of a decimal number
which indicates the ratio of the weight of hydrogen ions in a
certain quantity of water to the weight of that quantity of
wa.ter. However, such a decimal value includes a large number
of ciphers between the decimal point and the first significant
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49. Color Indicators for pH Value.-In order to measure the
pH value of a sample of water by the colorimetric procedure,
an organic dye, or i1tdicator, is put into the sample. For a
certain pH value, a particular indicator will give to the water a
distinctive color with a definite shade. The dyed sample of
water is then compared with color standards, which are usually
liquids in glass tubes but may be colored glass disks or printed
charts. When the color of the dyed water agrees with the
color of a particular standard, the pH value of the water is
assumed to be the same as that of the standard.
It is possible to obtain indicators that will cover a wide
range of pH values, as from 3.0 to 11.0; but, in general, such
indicators are not sufficiently sensitive to small changes in pH
values to give accurate results. Therefore, indicators that are
fairly sensitive over short ranges in the pH scale are commonly
u sed. The following are indicators generally recommended for
water-treatment works: Bromcresol green, for pH values
between 3.8 and 5.4; bromcresol purple, for values between
5.2 and 6.8; phenol red, for values between 6.8 and 8.4; thymol
blue, for values between 8.0 and 9.6; phthalein red, for values
between 8.6 and 10.2; and tolyl red, for values between 10.0
and 11.6. For very precise work, a wide range of indicators
giving results from 0.2 to 13.6 may be desirable. Some of the
indicators used are listed in Table IV.
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TABLE IV

two 5-milliliter portions of the water to be tested are placed in
separate test tubes, and one of these samples is treated with a
small amount of the color indicator that is to be used. The
quantities of the sample and the indicator should be measured
carefully. The required amount of indicator depends on the
turbidity of the sample and on the type of indicator, but it is
usually between 0.25 and 1 milliliter. Enough indicator should
be added to produce the deepest tint obtainable with the srunple,
so that the intensity of color developed will be about the same
as the intensity of color of the standard. After a certain point
has been reached, further additions of indicator will not cause a
noticeable change in color. The color test is then made in the
following manner:

pH RANGE AND COLOR CHANGE OF INDICATORS
Name

Acid cresol red
Acid meta cresol purple
Thymol blue (acid range)
Benzol yellow
Bromphenol blue
Bromcresol green
:Methyl red
Chlorphenol red
Bromcresol purple
Bromthymol blue
Phenol red
Cresol red
Meta cresol purple
Thymol blue (alkaline range)
Phenolphthalein red
Tolyl red
Parazo orange
Acyl blue

pH Range

Color Change

0.2- 1.8
1.2- 2.8
1.2- 2.8
2.4- 4.0
3.0- 4.6
3.8- 5.4
4.4- 6.0
5.2- 6.8
5.2- 6.8
6.0- 7.6
6.8- 8.4
7.2- 8.8
7.6- 9.2
8.0- 9.6
8.6-10.2
10.0-11.6
11.0-12.6
12.0-13.6

red-yellow
red-yellow
red-yellow
red-yellow
yellow-blue
yellow-blue
red-yellow
yellow-red
yellow-purple
yellow-blue
yellow-red
yellow-red
yellow-ptirple
yellow-blue
yellow-red
red-yellow
yellow-orange
red-blue

Each color indicator for pH value has a characteristic color
range. These color ranges are given in Table IV. The first of
the two colors listed for a certain indicator is the color corresponding to the lower limit of the pH range for that indicator,
and the second color corresponds to the upper limit of the pH
range. For intermediate pH values, the color will be between
the two given. For example, if phenol red is added to water
that has a pH value of 6.8, it imparts a yellow color to the water.
If this indicator is added to water having a pH value of 8.4, it
gives the water a red color. If the pH value of the water is
between these limits, the indicator colors the water a reddish
yellow or a yellowish red, the shade depending on the actual pH
value of the water. Color standards based on each of the indicators listed in Table IV are furnished for pH values that are
multiples of 0.2 within the respective prescribed range.
50. Determination of pH Value by Colorimetric Method.
When the approximate pH value is known from previous tests,

101

I f the color standards are liquid, either a manufactured comparator, like the one shown in Fig. 12, or a home-made comparator may be used. Both types of comparators are based on
the same principle. I n Fig. 15 is shown a home-made woodblock comparator a in which the comparison of color is made by
the use of liquid standards. The test tube b contains distilled
water; tube c contains a color standard; tube d contains the
portion of the test sample with the color indicator; and tube e
contains the portion of the test sample without indicator.
These tubes are placed in the relative positions shown in the
illustration, and the observer holds the block in front of a window
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and looks through the horizontal holes f in the direction indicated by the arrows. The block is shown cut away along the
right-hand hole in order to illustrate th~ ~anner in which the
tubes are placed in the block. The distilled water and the
colored sample in the test tubes in the left-hand row provide the
same thicknesses of glass and liquid for the light to pass through
as do the standard color solution and the uncolored sample in
the tubes in the right-hand row. Also, the uncolored sample
in front of the standard color solution compensates for the
turbidity of the water and permits accurate color comparisons.
Color standards representing different pH values are tried until
the one having the color nearest to that of the colored sample is
found. In case the pH value shown by the indicator that is
used happens to be exactly the same as the lower or upper limit
given in Table I V for that indicator, the test should be repeated
with a different indicator, because an indicator may not give
accurate results when the pH value is at either end of the prescribed range for that indicator. If a manufactured comparator is used, the directions that accompany the apparatus should
be carefully followed.
When the approximate pH value is not known in advance,
it is necessary to make a preliminary investigation in order to
determine what type of color indicator should be used in the final
test. For this preliminary work, three or more 5-milliliter
portions of the water to be tested are placed in test tubes. One
such portion is kept plain, and indicators with different pH
ranges are added to the other portions, a different indicator
being used in each of those portions. The approximate pH
value can then be obtained simply by noting which indicator
produces the color that is standard for it. For example, if
bromcresol green, bromcresol purple, and phenol red are tried in
three different tubes, atid the liquid in the tube containing the
phenol red assumes a color between yellow and red, the pH
value must be between 6.8 and 8.4. The more accurate pH
value is found by using the tube containing the proper color
indicator and the tube containing the plain sample of water,
and making a color comparison in the manner described in the
p:-eceding paragraph.

51. Determination of pH Value by Electrometric Method.
In some plants the character of the water changes frequently,
and the dosage of chemicals must be changed accordingly for
satisfactory treatment. Under these circumstances, it is
convenient to have practically a continuous record of the pH
value of incoming water. For this purpose, the electrometric
method is used and a recording potent iometer indicates the pH
value at any instant. Some instruments are constructed so
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FIG. 16

that the water flows continuously through the apparatus and
variations in the pH value are recorded on a sheet of paper that
is kept moving at a uniform rate. Other instruments do not
operate continuously but show instantaneously the pH values
of individual samples that are put in the apparatus one a t a
time. The various instruments work on the same general
principle.
In Fig. 16 is shown equipment sold by the Arthur H. Thomas
Company for determining pH values of individual samples by
the electrometric method. The sample of water that is to be
tested is put in the beaker a on the stand b. Suspended from
the stand and extending into the beaker are a quinl£-ydrone elec-

OPERATION OF

WATER-TREATMENT PLANTS, PART 2

trode element c and a calomel electrode vessel d. The quinhydrone
electrode consists of a glass tube whose lower end is wrapped
with platinum or gold wire and whose upper end is open so that
an ordinary copper wire may be inserted in the tube for the
purpose of making contact in an electric circuit. Just before
the apparatus is set up, the glass tube is clipped into a quinbydrone solution (C1GHt£J~). The calomel electrode consists of a
vessel e which is fitted with bent tubes f and g. The vessel e
contains a small amount of mercury (Hg), a little calomel (HgCl),
and a solution of potassium chloride (KCl). The lower part of
the tube f contains mercury, and the entire tube g is filled with
potassium chloride. A short platinum wire extends from the
mercury in the vessel e to the mercury in the tube f. The end
of tubef is open so that an ordinary copper wire may be inserted
to make contact with the mercury.
The quinhydrone electrode and the calomel electrode are
connected to the quinhydrone pH indicator h, which is in turn
connected to a standard dry cell i that furnishes electric current. The pH value of the water is read directly from the
indicator scale j.

The test for determining the amounts of the hydroxide,
carbonate, and bicarbonate alkalinities is performed in the
following manner: First, either 50 or 100 milliliters of the sample
of water is placed in a 200-milliliter Erlenmeyer flask and a
little of the phenolphthalein indicator is added to the water.
The indicator should be distributed by shaking the flask, which
should then be set on a white surface. If a pink color appears
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52. Chemical Tests for Types of Alkalinity.-In many cases,
it is desirable to obtain information concerning the different
types of alkalinity in the water and their amounts in parts per
million. The pH values alone are then insufficient, and a
separate determination must be made for each type of alkalinity. For this purpose, it is necessary to use two different
indicators, of which one will show a definite change in color
when the pH value is about 8.0 and the other will change color
when the pH value is about 4.0. Phenolphthalein, cresol
phthalein, or thymol blue, which is also known as thymol
sulfonphthalein, may be used to indicate the higher pH value;
and methyl orange, bromphenol blue, or erythrosine may be
used for the lower pH value. If the water contains aluminum
or iron sulfates, erythrosine should be used. All these indicator
solutions may be purchased from chemical supply companies.
In the following procedures, it is assumed that phenolphthalein
and methyl orange are the indicators used.

in the solution,
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J6 sulfuric acid is added until the coloration

disappears. The alkalinity in parts per million, in the presence
of this indicator, is designated as the phenolphthalein alkalinity.
It is computed by multiplying the number of milliliters of
sulfuric acid required by 20 if SO milliliters of sample are used
or by 10 if 100 milliliters are used. The next step is to add a
small amount of the methyl-orange indicator to either a new
sample of water or the sample previously treated. If the_ solution becomes yellow, sulfuric acid is added until the famtest
pink coloration appears, that is, until the color is no longer pure
yellow. The total alkalinity in parts per million, or the alkalinity in the presence of this indicator, is termed the methylorange alkalinity. It is determined by multiplying the total
number of milliliters of sulfuric acid required in both parts of
the test by 20 if 50 milliliters of sample are used or by 10 if 100
milliliters of sample are used.
When erythrosine is used, 100 milliliters of the sample of
water is placed in a 250-milliliter white, glass-stoppered bottle,
and 2.5 milliliters of erythrosine and 5 milliliters of chloroform
are added. If the water is alkaline, it will turn rose-colored.
Then the sulfuric acid is added a drop at a time, and the bottle
is sha.!cen vigorously after each addition. The solution is
neutral when the bottle can be held up before a white background without any visible pink color appearing in the liquid
above the chloroform. The alkalinity is measured in the same
manner as for methyl orange and phenolphthalein.
53. Interpretation of Results of Alkalinity Tests.-It is
possible to have any one of the following five relations be~~n
the phenolphthalein alkalinity and the methyl-orange alkalimty:
60~
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(1) A phenolphthalein alkalinity of zero, as indicated by the
fact that the sample remains colorless when phenolphthalein
is added; (2) a phenolphthalein alkalinity that is less than onehalf of the methyl-orange alkalinity; (3) a phenolphthalein
alkalinity that is exactly one-half of the methyl-orange alkalinity; (4) a phenolphthalein alkalinity that is greater than onehalf of t.he methyl-orange alkalinity; and (5) a phenolphthalein
alkalinity that is equal to the m~thyl-orange alkalinity. For
a given ratio of the phenolphthalein alkalinity to the methylorange alkalinity, the values of the hydroxide alkalinity, the
carbonate alkalinity, and the bicarbonate alkalinity, expressed
in parts per million of calcium carbonate, are given in Table V.

the carbonate alkalinity is zero, and the bicarbonate alkalinity is equal to
the methyl-orange alkalinity, or 18.0 p.p.m. Ans.
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TABLE V

0

!
!
Greater than !
Less than

1

EXAYPLE 2.-A sample of water was tested for alkalinity in the presence
of phenolphthalein and methyl orange, and the respective alkalinities, in
parts per million, were found to be I 50 and 196. What were the hydroxide,
carbonate, and bicarbonate alkalinities?
SoLUTIO~.-Here the ratio of the phenolphthalein alkalinity to the
methyl-orange alkalinity is 150+ 196, which is obviously greater than ~
and less than 1, and the conditions indicated in the fourth row of Table V
apply. Hence, the hydroxide alkalinity is

2P- Tor: 2X150-196= 104 p.p.m.
the carbonate alkalinity is
2(T-P) or 2(196- 150} =92 p.p.m.

and the bicarbonate alkalinity is zero.

VALUES OF ALKALI NE MATERIALS IN WATER, E XPRESSED
I N P ARTS PER MILLION OF CALCIUM CARBONATE
Ratio of
Ph~olphthal~in Alkalinity (P}
to Methyl-Orange Alltalinity (T),
p
orT
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Hydroxide, or
Caustic, Alkalinity

Carbonate
Alkalinity

Bicarbona te
Alkalinity

0
0
0
2P-T
T

0
2P
2Por T
2(T-P)
0

T
T-2P

0
0
0

In the first column are given the ratios of the phenolphthalein
and methyl-orange alkalinities, and in the other three columns
are given, respectively, t he values of the hydroxide, carbonate,
and bicarbonate alkalinities.
ExAliPLE 1.-Wben phenolphthalein was added to a sample o{ water,
there was no visible color. When methyl orange was added to the same
sample, an a lkalinity of 18.0 parts per million, e.~ressed as calcium carbonate, was recorded. What were the hydroxide, carbonate, and bicarbonate alkalinities, respectively, in parts per million of calcium carbonate?
SoLUTION.-Io this case, the ratio of the phenolphthalein alkalinitv to
the methyl-orange alkalinity is zero, and the alkalinity is represented in
Table V by the values in the top row. T he hydroxide alkalinity is zero,

There is a definite relationship between the pH value of
water and the kind of alkalinity it contains. Only bicarbonate
alkalinity will be present in water with a pH value of less
than 8. For the pH range between 8 and 9.4, both bicarbonate
alkalinity and carbonate alkalinity will be present. When
the pH value is above 9.4, the water will contain both carbonate
alkalinity and hydroxide alkalinity, the ratio of hydroxide
to carbonate alkalinity increasing with the pH value.
54. Acidity.-The acidity of water is generally expressed in
parts per million of calcium carbonate, although it is caused by
the presence of free carbon dioxide, mineral acids, and such
salts as sulfates of iron and aluminum. The reagents needed
for the various tests for acidity are phenolphthalein and methylorange indicators and

Z

and

~ solutions of sodium hydroxide

(NaOH), which is a strong alkali. Solutions of sodium
hydroxide are not stable and should be purchased or made up
in small quantities.
When the content of free carbon dioxide (C02) is desired,
the sample of water should be taken especially for that purpose;
also, the test should preferably be made at once, because the
free carbon dioxide tends to escape readily. If it is impossible
to make the test immediately, the sample should completely
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fill the collection bottle and should be kept at a temperature
lower than that of the natural water at the time the sample was
taken.

or to 10 times the number of milliliters of~ sodium hydroxide
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55. Determination of Free Carbon Dioxide.- To make the
test for free carbon dioxide, exactly 100 milliliters of the fresh
sample of water is placed in a 100-millilitcr Nessler tube, and
10 drops of the phenolphthalein indicator is added.

The ~

sodium hydroxide is then added at once from a burette, while
the solution is stirred constantly. As soon as a faint pink color
appears in the tube, the flow from the burette is stopped, and
the amount of

~ sodium hydroxide that has been used in the

test is read from the graduated scale on the burette. The
number of parts per million of free carbon dioxide is equal to
10 times the number of milliliters of.: sodium hydroxide used;
and the amount of free carbon dioxide in terms of parts per
million of calcium carbonate is equ·al to 2.272 times the number
of parts per million of free carbon dioxide. T hus, if 0.5 milliliter of! sodium hydroxide is required to produce a pink color,
the number of parts per million of free carbon dioxide present in
the sample of water is 10 XO.S = 5, and the amount of free carbon
dioxide in terms of calcium carbonate is 5X2.272= 11.36 p.p.m.
56. Determination of Total Acidity.-In the test for total
acidity, either 50 or 100 milliliters of the sample of water is
placed in an Erlenmeyer flask on a white surface, or preferably
in a white porcelain casserole, and 10 drops of phenolphthalein
indicator is added. Then the~ sodium hydroxide is permitted
to drop into the solution from a burette until a faint pink color
appears. The total acidity of the sample in parts per million
of calcium carbonate is equal to 20 times the number of milliliters of

fo sodium hydroxide required in the 50-milliliter sample,
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required in the tOO-milliliter sample.
If sulfates of iron or aluminum are present in the sample, this
test for total acidity is of practically no value because the
reactions take place so slowly that the pink color does not
appear until an excessive amount of the sodium hydroxide has
been added.
57. Determination of Free Mineral Acids.-For the determination of free mineral acids, 2 drops of methyl-orange indicator is added to ·so or 100 milliliters of the sample of water in a
flask or casserole; this solution will have a pink color. The

~

sodium hydroxide is then added until the pink coloration

disappears. The acidity due to free mineral acids, expressed
in terms of parts per million of calcium carbonate, is equal to
20 times the number of milliliters pf

~

sodium hydroxide

required if 50 milliliters of the sample of water is used, or to-10
times the number if 100 milliliters is used. In case appreciable
amounts of ferric and aluminum salts are present in the sample of
water, the test will give results that are too high.
EXAMPLES FOR PRACTICE

I

1. The phenolphthalein alkalinity of a sample of water is 31 p.p.m.
and the methyl-orange alkalinity is 50 p.p.m. What are {a) the carbonate,
(b) the bicarbonate, and (c) the caustic alkalinities?
(a) 38 p.p.m .
Ans. (b) 0 p.p.m.
(c) 12 p.p.m.
2. When water is tested for alkalinity in the presence of phenolphthalein, it remains colorless. In the presence of methyl orange, the alkalinity
is found to be 19 p.p.m. Detennine (a) the bicarbonate alkalinity and
(b) the caustic alkalinity.
A
19 p.p.m.
ns. (b) 0 p.p.m .

{(a)

3. The methyl-orange alkalinity is 37 p.p.m. and the phenolphthalein
alkalinity is II p.p.m. Find (a) the carbonate alkalinity, (b) the bicar·
bonate alkalinity, and (c) the caustic alkalinity?
22 p.p.m .
Ans. (b) IS p.p.m.
{c) 0 p.p.m.

{(a)
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following conditions: the nitrite-nitrogen content is less than
0.3 part per million, but there is evidence that the color of the
sample containing ortbotolidin is affected by the presence of
the nitrites; the iron content is above 0.3 part per million; or
the manganic-manganese content is above 0.01 part per million.
Also, the starch-iodide method may be applied when the
nitrite-nitrogen content of the water is greater than 0.3 part
per million or the manganic-manganese content ex<'eeds 0.01
part per million.

RESIDUAL CHLORINE

58. General Features of Tests for Residual Chlorine.- The
waters that are to be used for public supplies are generally
treated with chlorine at some stage between the source and
the consumer. The effectiveness of the chlorination process is
determined by the reduction in the number of bacteria in the
water. But it takes at least 24 hours to make a satisfactory
bacteriological determination, and considerable change in the
quality of the incoming and outgoing water may take place in
a day. Fortunately, it bas been proved by test and by actual
treatment experience that the reduction in the number of
bacteria will be satisfactory if a slight amount of free chlorine
remains in the water after 15 minutes of contact between the
water and the chlorine. This remaining chlorine is known as
residual chlorine. Since the test for residual chlorine is simple
and can be made quite rapidly, it is used in every water-treatment plant where chlorination is necessary. In fact, a few
plants have automatic devices for taking frequent or continuous samples of the chlorinated water, for testing the samples
for residual chlorine, and for varying the dosage of chlorine to fit
the conditions.
There is no known reagent that will give a definite measure
for chlorine alone, but the commonly used reagents give a
measure of agents that oxidize the chlorine. Many impurities
in water, such as organic iron compounds, manganic compounds,
and algae, may affect the intensity of the color in the test for
residual chlorine. In order that the results of the test will
indicate the amount of chlorine required for the proper disinfection of the water, it is therefore necessary to make certain that
only the residual chlorine is producing the color. The procedure in the test for chlorine depends on the amounts of the
interfering substances that are present.
The standard orthotolidin test may be used for waters that
contain less than 0.3 part per million of iron, less than 0.01
part per million of manganese in manganic form, and less than
0.3 part per million of nitrogen in nitrite form. Modifications
of the standard orthotolidin method should be used under the
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59. Reagents and Color Standards for Orthotolidin Method.
The standard orthotolidin solution to be used in the test for
residual chlorine in fairly pure water is prepared as follows :
First, 500 milliliters of 20% hydrochloric acid is made up by
diluting 100 milliliters of concentrated acid with 400 milliliters
of distilled water. Next, 1 gram of orthotolidin (CHsNH2.
CrJI3) 2 and 5 milliliters of the 20% hydrochloric acid are put
into a 6-inch mortar. This combination is ground to a thin
paste in the mortar and is diluted with 150 to 200 milliliters of
distilled water. The solution is then poured into a 1,000-milliliter graduated cylinder and is diluted to a volume of 505 milliliters with distilled water. Finally, the remaining 495 milliliters of the 20% hydrochloric acid is added to make the volume
exactly 11iter. The standard solution is not permanent and
should not be kept for more than 6 months. It should be stored
in amber-colored bottles, should be kept out of direct sunlight,
and should not be subjected to either high or low temperatures.
The temperature should preferably be maintained at about
20° c.
Permanent color standards in tOO-milliliter Nessler tubes with
the graduation mark 300 millimeters from the bottom should be
used in making the test. These permanent standards consist of
particular amounts of copper-sulfate solution and potassiumdichromate solution diluted to the 300-millimeter mark on the
Nessler tube. A standard copper-sulfate solution (C1tS0 4•
SH20) consists of 1.5 grams of copper sulfate and 1 milliliter of
concentrated sulfuric acid diluted to 100 milliliters with distilled water; and a standard potassium-dichromate solution
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([(2 Cr£);} consists of 0.25 gram of potassium dichromate and
1 milliliter of concentrated sulfuric acid diluted to 1 liter with
distilled water. In order to obtain definite readings in parts
per million of chlorine, these solutions are put into Nessler
tubes in the proportions given in Table VI, which is adapted
from Standard Metluxis, and are diluted to 100 milliliters with
distilled water. Thus, to prepare a color standard with a value
of 0.1 part per million of chlorine, 1.8 milliliters of the coppersulfate solution and 10.0 milliliters of the potassium-dichromate
solution should be mi."ed and enough distilled water should be
added to make a total volume of 100 milliliters. The Nessler
tubes containing the color standards should be sealed against
dust and evaporation. Seals are made as explained in Art. 27
for the platinum-cobalt standards.

T he use of manufactured color standards of glass or liquid is
satisfactory for all operational purposes and records, and such
standards are widely employed.

112

TABLE VI
AMOUNTS OF SOLUTIONS OF COPPER SULFATE AND POTASSIUM
DICHROMATE FOR VARIOUS CONTENTS OF CHLORINE IN
ORTHOTOLIDIN TEST
Parts per Million
of
Chlorine

0.01
0.02
0.03
0.040.05
0.06

O.o7
0.08
0.09
0.10
0.20
0.30
0.4-0
0.50
0.60
0.70
0.80
0.90
1.00

Milliliters of

Milliliters of
Potassium-Dichromate
Solution

0.0
0.0
0.0
0.0
0.4
0.8
1.2

0.8
2.1
3.2
4-.3
5.5

Cop~~~·te

1.5

1.7
1.8
1.9
1.9
2.0
2.0
2.0
2.0
2.0
2.0
2.0

6.6

7.5
8.2
9.0
10.0
20.0
30.0
38.0
45.0
51.0
58.0
63.0
67.0
12.0
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60. Procedure in Orthotolidin Test.-The sample of water
should have a temperature between 20° and 40° C. when the
orthotolidin test is made. If the temperature of the sample
must be raised, this may be done quickly by placing the sample
in an Erlenmeyer flask and rotating the flask while it is held in
boiling water. To make the test, 100 milliliters of the sample
is placed in a 100-milliliter Nessler tube, 1 milliliter of orthotolidin solution is mixed with the sample, and the tube is put into a
dark cupboard for from 5 to 15 minutes to allow the color to
develop. The treated sample is then compared with the standards. A comparator should be used for this purpose. Artificial light is advisable, but a good light from the North is
permissible. Direct sunlight must be avoided at all times
during the test. The solutions should be viewed from above.
The results are recorded in parts per million of chlorine as
determined by the standard having the color most nearly like
that of the sample.
61. Modifications of Standard Orthotolidin Method.-!£
ammonia as well as chlorine is used in the treatment of the
water, the formation of compounds known as chloramines may
retard the color formation in the orthotolidin test. Therefore, in the orthotolidin test on such water, the Nessler tube
containing the sample and orthotolidin should be left in the
dark cupboard for 10 to 30 minutes before the color of the contents is compared with the standards. It should also be kept
in mind that the result of the orthotolidin test will indicate the
total amount of chlorine both as free chlorine and as chloramines. A method for determining the chloramine-chlorine
content of water is described in the Appendix of Standard
Methods. This appendix also includes detailed procedures for
determining the residual-chlorine content of water in which
nitrite nitrogen interferes with the use of the standard orthotolidin method or in which an excessive amount of iron or manganic manganese is present.
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62. Reagents for Starch-Iodide Method.-When nitrite
nitrogen or manganic manganese makes the orthotolidin test
unsuitable, the starch-iodide method may be used. ln this
test, it is necessary to have solutions of potassium iodide (I<. I),

ing is obtained by stirring gently, and the mixture is allowed to
stand for 5 minutes. At the end of that period, 5 milliliters of
starch solution is added. The blue color that results from the
addition of the starch is then removed by titration with sodium
thiosulfate. The product of the number of milliliters of thiosulfate required and 0.3546 equals the chlorine in parts per
million present in the original sample.
If the chlorine residual is not more than 0.1 part per million,
the following simple comparison may be made between a sample
and freshly-prepared color standards for chlorine. To 100
milliliters of the sample and each standard in Nessler tubes
are added 1 milliliter of potassium-iodide solution and 0.5
milliliter of starch solution. When a full blue color has
developed, the colors of the sample and the various standards
may be compared for the chlorine value.
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1~0 sodium thiosulfate (Na,S.J]

3•

SH£)), and starch.

T he iodide solution is prepared by first dissolving 75 grams
of chemically-pure potassium iodide in a small amount of distilled water that has been freshly boiled and cooled, and then
adding 100 milliliters of ethyl alcohol and enough of the distilled water to make a total volume of !liter. The thiosulfate
solution is made by dissol~g 2.483 grams of chemically-pure
sodium thiosulfate in 1 liter of distilled water that has been
freshly boiled and cooled. This solution is standardized by
titration against

1~ potassium dichromate.
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Each milliliter of

the solution is equivalent to 0.3546 milligram of chlorine.
The stability is not permanent and the solution should be
checked each day.
The starch solution is made by grinding 5 grams of potato
starch and a little cold water to a paste in a mortar and then
washing the paste into 1 liter of boiling distilled water. The
solution is stirred and left overnight to settle. Only the clear
supernatant liquid is used, and this is preserved with 1.25 grams
of salicylic acid (HO.CJ{4COOH) per liter of solution. The
starch solution deteriorates quite readily and, if a pink tint is
noticed at the end-point of the titration process in the test, a
new starch solution is needed.
63. Procedure in Starch-Iodide Test.-In the starch-iodide
test, the water should be cold, because the accuracy of the results
increases as the temperature is lowered. The temperature
should not be above 20° C. ; a temperature of 1° C. will be most
satisfactory. The test is conducted as follows :
A liter of the sample of water is placed in a white porcelain
casserole and 10 milliliters of the potassium-iodide solution is
added from a pipette, the lower end of the pipette being held
below the surface of the liquid in the casserole. Thorough mix-

BACTERIOLOGICAL EXAMINATION

64. It is desirable to make frequent bacteriological examinations of water that is to be used for public consumption, because
the results of such examinations furnish the best possible check
on the safety of the water. Daily or weekly tests for bacteria
should be made on samples of water taken at the entrance to
and exit from the treatment plant and also at various points
throughout the distribution system. However, it is only at the
larger purification plants that equipment is provided for making
complete bacteriological examinations and a trained bacteriologist is employed. In the smaller plants, a greater reliance
is placed on the maintenance of a continual chlorine residual, and
weekly samples of the water are sent to a commercial laboratory
or to the laboratory of the State Department of Health for
bacteriological examination.
As the number of bacteria in the raw water increases, the
load on the purification devices in the plant also increases, and
the bacteriological examinations become more important.
The results of these tests are a check on the efficiency of the
plant operation. The methods of testing water for bacteria
are described in the text Satlitary Bacteriology. Also, a complete outline of each test is given in Standard Methods.
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MICROSCOPICAL EXAMINATION

65. Scope of Microscopical Examination of Water.- In connection with the microscopical examination of water, the term
microscopic organisms is used to include all organisms, except
bacteria, that are too small to be seen without a microscope
and also the organisms that are barely visible to the naked eye.
These microscopic organisms often interfere with the operation
of a purification plant by clogging filters and other apparatus
or cause nuisance by imparting turbidity, taste, or odor to water.
They may also cause stains or scum formations on porcelain
plumbing fixtures in buildings. The results of a microscopical
examination of water include identification of the kinds of
organisms present and also an estimate of the numbers of
organisms of various kinds and the amount and prevailing kinds
of at1wrplro1ts matter, which consists of silt, clumps of organic
matter, headless stalks of organisms, and cast molts of organisms. There is no way of determining the minimum number of
organisms that would cause odor or other trouble in a particular
water. However, if the number of organisms in a milliliter
of the water is greater than 500, difficulty is likely to be encountered from tastes and odors or from clogging of filters.
T he information obtained from a detailed microscopical
examination of water serves to explain the cause of turbidity
or color or the presence of objectionable odors and tastes in the
water; also, by identifying the sources of these characteristics
it serves to indicate methods for their removal or control:
Sometimes, the microscopical examination also aids in indicating contamination of the water by sewage or industrial wastes.
66. Kinds of Microscopic Organisms.-The term plankton
is sometimes used in a broad sense to include all the microscopic organisms in water, but it should really be applied only
to free-floating organisms. A term that is more commonly
applied to all microscopic organisms is algae, but actually the
name algae belongs only to certain species of plants that normally thrive in water. As previously stated, the microscopic
organisms in water supplies include also the plant groups
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known as fungi, the single-celled animals called protozoa, many
other animal forms of microscopic proportions, and slightly
larger forms of animal life. The unit for measuring microscopic
organisms is the micron, which is 0.001 millimeter.
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FIG. 17

67. Algae.-Algae contain the green substance chlorophyl,
which enables them to utilize sunlight for the conversion of
carbon dioxide, water, and other simple substances into the
organic carbon compounds of which the algae are composed.
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The algae range from simple one-celled organisms to complex
structures closely resembling the ordinary flowering plants.
They include the common sea weeds and pond scums. There
are seven classes of algae, but only three classes are important
in water-supply work, namely, the diatomaceae, the chlorophyceae, and the cyatwphyceae. Each of these classes includes
numerous types of plants. In Fig. 17 (a) and (b) are shown two
types of diatomaceae that are known, respectively, as the asteriou~lla and sytzedra puchella. The first-mentioned organism
produces a :fishy, aromatic odor and the second produces an
earthy odor. A type of chlorophyceae that is known as the
volvox is shown in view (c); this type also produces a fishy odor.
In view (d) is shown a type of cyanophyceae known as
anabaena, which produces a vile, moldy odor.
Algae are sometimes classified according to color. Thus,
diatomaceae are often called brown algae; chlorophyceae are
called green algae; and cyanophyceae are called blue-green algae.
However, the color is not a distinguishing characteristic, and
some types of cyanophyceae have a reddish or brownish color.

each single cell appears somewhat like an apple seed and these
cells form a ball-like group.
Rotifera are multi-celled animals of microscopic proportions.
Unless they are removed from a water supply, they will cause
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68. Fungi.-Fungi do not contain chlorophyl, as do the
algae, and therefore are unable to utilize sunlight in order to
obtain food by conversion of carbon dioxide. The fungi
obtain their food either from other living organisms or from
dead organisms. There are many thousands of species of
fungi, comprising three classes. Of these, the phycomycetes,
or algae-like fungi, are of importance in water-purification
work. Many of the common molds and plant blights are
included in this class of fungi. Since the fungi in water usually
exist on the algae, the fungi generally will die if the algae are
destroyed. However, fungi will often exist for some time if
the algae are killed but are not removed from the water.

Fac. 18

69. Microscopic and Other Small Animals.-Protozoa are
single-celled organisms of the lowest form of animal life. Among
the protozoa are the 11roglena, which produces a fishy and oily
odor in water; and the symtra, which imparts to the water a
bitter cucumber-like taste and also a fishy smell. A group of
synura is shown in Fig. 18 (a) near the upper right-hand comer;

clogging of filters. In view (b) are shown two females of the
type of rotifera known as the anttraea.
In view (c) is shown a cyclops, which is a member of the
c~tac~ family. The crustacea are somewhat higher types of
arumal life than the rotifera; the smaller crustacea are very
common in water supplies.

(J)

(Ccurlts)l Dr. F. E. Hale and W. H. Simm<»tS)
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Many wom1s and larvae of insects are found in water. They
are particularly objectionable, chiefly because they are visible
to the naked eye. In view (ci) is shown a small worm known
as the chironomus, or blood-worm.
70. Collecting Samples for Microscopical Examination.
The samples of water for the microscopical examination
should be collected from sampling points established so that
each sample will contain a representative distribution of
organisms and will be free from floating debris, mud, and
extraneous material. If chemical and bacterial examinations
are also to be made in connection with the microscopical
examination, the samples for all three types of examinations
should be obtained from essentially the same sampling points,
in order that the results of the various examinations may be
correlated to a reasonable e.·<tent.
The sample should be collected in a bottle that has a capacity
of 1 or 2 liters and is clean but not necessarily sterile. With the
stopper removed and the mouth downward, the bottle should be
thrust about a foot below the surface. It should there be turned
upright and allowed to fill. For complete studies, it may be
necessary to take samples from various depths; also, several
samples of surface scum growths and organisms that cling to
submerged rocks may be collected from points at which they
are found in great quantities. Such special samples, however,
should not be mixed with the regular samples that are taken at
a depth of about 1 foot. Unless the samples are to be examined
immediately, they should be at once preserved by the addition
of 20 milWiters of formalin per liter of water.
71. Concentration of Sample.-In the case of water that
contains more than 25 microscopic organisms per milliliter, it
is possible to make a microscopical examination of the original
sample. However, if the number of organisms is smaller, as is
generally the case, it is necessary to concentrate the organisms
in the sample, in order that enough organisms will appear under
the microscope to permit the counting and classifying of the
organisms. Either the Sedgwick-Rafter method or the centrifuge method is commonly used for concentrating the sample.
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72. Sedgwick-Rafter Method.-In the Sedgwick-Rafter
method, a filtering funnel of the type shown in Fig. 19 is required.
The funnel-shaped glass tube has a diameter of about 2 inches
~t the top and a diameter of about ! inch at the bottom, and
1s graduated in milliliters. Its lower end is provided with a
rubber stopper that is fitted with a U-shaped glass
tube and is covered with a small cloLh disk. This
disk is about ~ inch in diameter and is cut from a
piece of silk or linen having about 200 meshes to the
inch. Before the disk is put in place, the top of the
stopper is wetted. On top of the cloth disk in the
funnel is poured enough white beach sand, Berkshire
sand, or Ottawa sand to form a filterir_1g layer about
! inch thick. The sand should pass through a screen
having 60 meshes per linear inch and should be
retained on a screen having 120 meshes per linear
inch. All silt and foreign matter should be washed
from the sand before it is used. From 5 to 10
milliliters of distilled water is poured down the sides
of the funnel to remove any of the sand that may
have clung to the walls. The funnel is tilted from
side to side as the wash water passes through the
sand so that the air in the sand may escape.
The original sample of water is stirred gently so
as to mix the contents thoroughly without in any
way crushing the organisms. The desired quantity
of the sample, which will vary between 250 and
1,000 milliliters depending on the probable number
of organisms in the water, is poured into the funnel
19
The funnel is tilted slightly while the sample is bein~
FtG.
poured, in order that the water will run down the side of the
funnel and win not disturb the sand. A suction attachment may
be ~sed to d~w. the water through the filter more rapidly, if
des1red, and distilled water should be added occasionally to wash
down the sides of the funnel. When the water surface drops to
the level of the upper end of the U-tube, that tube is removed and
~he remaining water is allowed to drain directly through the hole
m the cork. After all the water has drained from the funnel,
609-9
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it is placed on its side and the cork is carefully removed. The
funnel is then held vertically over a beaker and the sand is
allowed to fall into the beaker.
Also, the walls of the funnel
are washed with from 5 to 10
milliliters of distilled water,
which is carefully measured
with a pipette and is collected
in the beaker containing the
sand. A second washing of the
funne1 with a smaller amount
of water is usually required to
dislodge all the organisms.
The beaker is tilted back
and forth slowly to mix the
water and the sand and to
dislodge the organisms, but
the contents of the beaker
should not be shaken or stirred
violently. As soon as the sand
has settled, the liquid is poured
off into a second beaker. If
the liquid cannot be examined
immediately, a 3% to 10%
solution of formalin is added to
it or the formalin is used instead of water to wash down
the sides of the funnel. In any
case, the final volume of liquid
should be known and should
preferably be a multiple of 5
milliliters.

73. Centrifuge Method.
In the centrifuge method, an
apparatus similar to that shown in Fig. 20 may be used. The
entire apparatus is supported on a portable metal stand a. A
rubber or felt pad b prevents slipping of the legs on the base c
Ftc. 20
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of the motor d. !his motor must be capable of turning the
perforated
porcelam
bowl e at the rate of about 20,000 revo1u.
.
tions per mmute. In order to expose the bowl• p arts 0 f tts
·
guard
f
and
cover
g
are
shown
broken
away
As
th
b
1
.
.
·
e ow ·ts
whirled around, the orgarusms remain on its walls while the
water passes through the perforations into the guard f. This
water escapes ~rom the guard through the outlet tube h.
T~e ~ple.ts fed into the bowl e from the collection bottle i ,
~he ~qmd .flowmg through the glass funnel j, through the regulatmg tip k th~t controls the rate of flow and is held in place by the
rubber tubmg l, and through the inlet tube m. The diameter
of the top .of th.e funnel j should not be more than 6 inches.
A~so, the tlp k Ls designed to pass 1 liter of water in 6 to 7
mmutes. The bottle i is held in place by the rings " and
funnel j is supported by the ring p. To facilitate t:;
msert10n of the bottle i while it is full of water, the ring n is
open for one-fourth of its circumference and the neck of th
bottle is slid through that opening. The mouth of the bottle i:
placed slightly lower than the top of the funnel j, in order that
the water will not tend to flow over the edge of the bottle and
t~e flow will be continuous until the bottle is emptied. The
rmgs o and Pare of the usual clamp type used in laboratory work.
Because of the rapidity with which the sample is concentrated by the centrifuge method, at least 2 liters of water is
commonly used in this method. Also, the water should
generally be passed through the centrifuge twice. This is
~pecially . necessary where the water contains organisms,
hke aphamzomenon, which float near the surface and tend to
form a scum there. After the sample has been concentrated
the bowl is removed from the centrifuging apparatus and th;
organisms are gently rubbed off the surface and transferred
to a beaker by means of a rubber policeman or the tip of a
match that has been charred and then rubbed smooth. The
volume of t~e. ~esidue, or ~ncentrate, so obtained will usually
be 4 to 5 milliliters. If this concentrate is to be preserved it
should be treated with formalin, as described for the Sedgwi~k
R after method. All apparatus is thoroughly cleaned after the
concentrate has been removed.

~d t~e

OPERATION OF

WATER-TREATMENT PLANTS, PART 2

74. Examination Under Microscope.-The concentrated
liquid is examined under the microscope _in a co~ting ~ll of
the type shown in Fig. 2. Such a cell conSists of a ptece of etther
optical glass or plate glass, to which is cemented a rectangular
brass rim. The cell must be covered with a glass that extends
completely over all parts of the rim. A common size of counting cell has a volume of 1 milliliter; it has a rim 1 millimeter
high and inside dimensions of 50 and 20 millimeters. For
observing organisms with diameters of 150 or more microns, a
counting cell having a volume of 10 milliliters may be advantageously employed. A cell af this capacity has a depth of 5
millimeters and other dimensions of SO and 40 millimeters.
In order that the field of view may be properly defined, the
microscope must contain an ocular micrometer, one type of
which is shown in Fig. 2. The central portion of the ocular
micrometer is marked off into 100 squares and one of these
squares is subdivided into 25 small squares. When an observation is being made, the ruled area on the ocular micrometer
should cover 1 square millimeter on the counting cell. The
correct adjustment of the microscope to produce this condition
is determined by the use of a specially ruled slide, called a
stage micnmteter. The tube of the microscope is lengthened or
shortened until the ruled area on the ocular micrometer covers
1 square millimeter on the stage micrometer.
Since the area of a counting cell of the usual size is SOX20,
or 1,000, square millimeters, the field of the ocular micrometer,

rotating its container, some of the liquid is extracted from the
container by means of a pipette, and enough of it is placed in
the counting cell to fill that cell completely. The glass is then
pushed into place so as to cover the rim, and the counting cell
is allowed to stand for a few minutes in order that the organisms
may sink or rise to their natural positions. The examination
under the microscope consists of two distinct operations, which
are known as the suney and the total count. The survey is a
rapid examination of the entire cell for the purpose of enumerating the number of volumetric standard units occupied by each
class of the larger organisms, such as rotifera, crustacea, and
worms. The total count is an examination for enumerating
all other organisms in each of ten micrometer fields that are
well scattered over the entire counting cell. The survey is
usually made with a 48-millimeter objective, and the total count
is made with a 16-millimeter objective. The volume of the
organisms and of any amorphous material may be estimated
either during the counting or later, as desired.
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~OO of the area
1•
of the cell, and the cell is said to contain 1,000 fields each of
which is 1 millimeter square. Also, each small square on the
ocular micrometer will cover an area of 400 square microns.
This unit of area is known as the areal standard m~it. The unit
known as the volumetric standard unit is the volume of a cube
each edge of which is 20 microns long, and this volume is 8,000
cubic microns.
The procedure in preparing the specimen for the microscopical
examination is as follows: A cover glass is placed obliquely
over the counting cell, the liquid that is to be tested is mixed by

when the microscope is properly adjusted, is
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75. Enumeration of Organisms and Calculation of Volume.
The results of the microscopical examination should be listed on
a ruled sheet in such a manner that numerical and volumetric
totals can be computed. In Fig. 21 is shown a type of counting
sheet recommended in Standard Methods. In column (1) are
listed the names of the various types of organisms that may
appear in the sample under observation. The term amorphous
matter is also included, as the counting sheet is to show the
volume of such material. In column (2) are shown the average
sizes of those organisms that occur repeatedly and are fairly
uniform in size. The dimensions of each organism in the plane
perpendicular to the direction of sight through the microscope
may be measured directly by means of the ocular micrometer;
and the third dimension is estimated from a knowledge of the
shape of the organism. The size entered in column (2) should
preferably be in volumetric standard units. However, in the
case of organisms, such as filamentous growths, which have a
uniform cross-section but widely varying lengths, the number
of areal standard units in the cross-section may be recorded.
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MICROSCOPICAL EXAMINATION
SOURC£
SAMPLE NO.
DATE Of DW.IIIIATlON
EJW.LINED BY
DATE Df OOUECTION
ML TO
MULTIPUER:-SURYF(
ML
OOI'ICEHTRATION:-suRYEY
TOTAL COUtll
ML TO
ML
TOTAL COUNT
Number of Organisms or Standard Units
Volumetric Number
Standard
.. <:
of
Total Count of fields
(i):>
Units per
Organisms
~~
Minililer

.. -... ,.,

....

~~

~~ ~0

~!!

I 2 3

5 6

4

7

a

111

121

141

431

,.,

~

~
::0

(5)

(61

9 10

~

"'

s§

~8
{7)

,.,

~

::0

"'lBI

~§
~8
(91

I. Diatomaceae
UJ

[:>J

II. Chlorophyceae
411

I:>J
131

Ill. Cyanophyceae

.

IV.

Protozoa
411

l2J

v.

RoUfera
Ill

VI. Crustacea
411

VII. Miscellaneous
Ill

Total Organisms
Amorphous Matter
Remartls:

IT I I

I I I

I I I

F1c. 21

The method of measurement is then indicated by annexing the
symbol X to the size. For example, if the cross-sectional area
is estimated to be 5 areal standard units, the entry would be
5 X. Where the shape of each organism of a species is extremely
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irregular in two or three directions, no value for average size is
entered in column (2) for that species.
Column (3) contains the results of the survey of the cell.
This column should show both the number of organisms of the
respective species and the total size of those organisms in
standard units. It is customary to record the number of organisms as the numerator of a ,fraction and the total size of these
organisms in standard units as the denominator of that fraction.
For example, if it is found in the survey that there are seven
organisms having a total size of 4 standard units, the fraction f
is entered in column (3). Either volumetric standard units or
linear standard units may be recor ded. Volumetric units are
used if the average size in column (2) is in volumetric units or
if no average size is given; and linear units are used if the
average size in column (2) is in areal units. Where an average
size in volumetric units is shown in column (2), the total size or
the denominator of the fraction in column (3) is the product of
the value in column (2) and the numerator in column (3). If
the average size in column (2) is in areal units, the total length
or the denominator in column (3) is determined by estimating
the lengths of the individual organisms and taking the sum of
these values. In case no average size is given in column (2),
the total volume or the denominator in column (3) is found by
estimating the volumes of the individual organisms and adding
them.
Under the heading Total Cozmt of Fields are eleven columns.
The first ten, which are numbered from 1 to 10, inclusive, and
are grouped as column (4), are for the numbers and sizes of
small organisms in each of the ten fields examined in making
the total count. Each entry in column (4) should be a fraction
like that described for column (3) . Thus, t he numerator of
such a fraction should be the number of organisms of a certain
species in a certain field and the denominator should be the total
size of those organisms in standard units.
The values in column (5), or the last column under the heading Total Count of Fields, are also recorded as fractions. The
numerator for each species is the sum of the numerators for
that species in ~iumn (4), and the denominator is the sum of
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the denominators in column (4). The values in column (4)
should not be added as if they were ordinary fractions.
76. The values in column (6) of the form in Fig. 21 are
calculated from the denominators in column (3), and the values
in column (7) are calculated from the denominators in column
(5). Each denominator is multiplied by a number, called a
multiplier. If the values in column (3) are in volumetric
units and the entire cell is examined in the survey, the multiplier
for the survey is found by dividing the total volume of concentrate and distilled water by the volume of water originally put
in the concentrating device. Also, if the values in column (5)
are in volumetric units and 10 fields are observed in making the
1
total count, the multiplier for the total count is · : or 100
times the multiplier for the survey. For example, if 250 milliliters of the sample of water are put into the concentrating
device and the volume of the concentrate and the distilled water
that is added to it is 15 milliliters, the multiplier for the survey is
15 =0.06 and the multiplier for the total count is 100X0.06=6.
250
In case the values in columns (3) and (5) are expressed in linear
units, they must be changed to values in volumetric units by
multiplying them by the number of areal units entered in column
(2) before they are multiplied by the proper multiplier.
If the multiplier for a survey is 0.06 and the fraction in
column (3) for a particular species is f, the denominator being
in volumetric units, the value to be entered in column {6) for
that species is the product of the multiplier and the denominator of the fraction, or 0.06 X 4 =0.24. Similarly, if the multiplier
for the total count is 6 and the denominator of a certain fraction
in column (5) is 30, the corresponding value to be recorded in
column (7) is 6 X 30 = 180.
77. If desired, the total number of organisms can be recorded
on the form shown in Fig. 21 in columns (8) and (9) under the
heading Nmnber of Organisms. The entry in column (8) for
any species is found by taking the product of the numerator in
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c~lum~ (3) for tha~ species and the multiplier for the survey.
LikeWise, the entry m column {9) is the product of the numerator
in column (5) and the multiplier for the total count.
T~e value in column (6) or (7) for any species indicates the
relative bulk of that species in the water. The total bulk of the
organisms ~ a milliliter of the water may be found by adding
the values m column (6) and also adding the values in column
(7), and then taking the sum of these two totals. The bulk of
the organisms in the water, in parts per million by volume can
be detennined by dividing the bulk, in volumetric standard
units per milliliter, by 125.
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EXAMINATION QUESTIONS
Noti~

to Students.-Study the lnstructio11 Paper thoroughly before

3'0" allempt to answer these questious. Read each. question carefully and

be s ure you understand it; then ·write the best answer yor~ c011. ~Yire1~ 'J OllY
all.rUJers are completed, e:mmine them closely, correct all the errors 3'011 can
find, and see that every question is answered; then mail )'0111' work to 11s.

(1) (a) What substances cause hardness in water? (b) What
are the principal objections to hard water?
(2) How should bottles for collecting samples of water be
cleaned before they are used?
(3) When the Jackson candle turbidimeter is used, how can
the size of the flame be kept constant?
(4) (a) Why is it necessary to use a tube of distilled water
when making the colorimetric test for pH value by means of
liquid standards? (b) The pH value of a liquid was changed from
7.5 to 8. Was its alkalinity or its acidity increased? Give the
reason for your answer.
(5) The phenolphthalein alkalinity of a sample of water
was found to be 42 parts per million and the methyl-orange
alkalinity was 75 parts per million. Determine (a) the carbonate alkalinity, (b) the bicarbonate alkalinity, and (c) the
caustic alkalinity.
(6) (a} What is the difference between the true color of water
and its apparent color? (b) State why water that is to be tested
for color should not first be passed through filter paper.

2

WATER-TREATMENT PLANTS, PART 2

(7) The threshold odor is detected in a mixture obtained
after three dilutions of a 200-milliliter sample of water with
odor-free water. Determine (a) the odor intensity and (b) t he
odor concentration.
(8) Rewrite the following tabulation, using the proper number of figures for each material :
.M ATERIAL

Total solids
Nitrite nitrogen
Hardness
Magnesium

PARTS PER MILLION

113.7
0.0082
50.93

4.174

(9) (a) Under what conditions is it permissible to use the
standard orthotolidin test for determining the amount of
residual chlorine in water? (b) In the starch-iodide test for
residual chlorine, 0.5 milliliter of sodium thiosulfate was
required to remove the blue color from the sample that was
treated with the starch solution. How many parts per million
of residual chlorine were contained in the original sample?

(10) (a) What is a micron? (b) In concentrating a sample
of water to be used for making a survey under the microscope,
500 milliliters of the sample are placed in the concentrating
device, and the volume of the concentrate and the distilled
water that is added to it is 10 milliliters. What is the multiplier
for the survey if the recorded sizes of the microscopic organisms
are in volumetric standard units and the entire counting cell is
examined in the survey?
Mail your work on this lesson as soon as you h.a ve finished it
and looked it over carefully. DO ·NOT HOLD IT until another
lesson is ready.

