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1. Types of Community Wastes.-The waste products that
result from the daily activities in a community are of two general types: namely, the liquid wastes, known as sewage; and the
solid wastes, known as refuse. The different •vastes of which
sewage is composed are the following: the wastes from lavatories, baths, sinks, and laundry tubs in residences, institutions,
and business buildings; certain liquid wastes from various
types of manufacturing or industrial plants; and, in many communities, the surface run-off that results from storms or streetflushing operations. Refuse is composed of garbage, rubbish,
old newspapers and magazines, ashes, manure, and street sweepings; and certain types of solid wastes from manufacturing or
industrial plants.
Both sewage and refuse must be removed promptly, in order
to avoid endangering the health of the community and also to
prevent decomposition of the materials of animal or vegetable
origin and the subsequent production of nuisances and odors.
Only the methods used in the treatment and disposal of sewage
will be discussed in these texts.
2. Classi1ication of Sewage.-Sewage may be divided,
according to its source, into the following three classes: The sewCOPYRIGHTED BY IHT£RNATIOHA\. 1'CXTBOOK CONPAHY.
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age from residences, insti~tions, and business buildings is
called domestic snvage, samtary se--&age, or house sewage; that
resulting from manufacturing or industrial pr~esses i~ know~
as i11dustrial waste ; and that from run-off dunng and tmmedtately following storms is called storm water or storm sewage.
A combination of domestic sewage, industrial waste, and storm
water is called combined sewage.

. .
o f sewers and the storm and surface water in. another system.
1f the system of sewerage consists of combmed sewers, 1t 1s
known as a combined s:ystem.
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3. Systems for Removal of Sewage.-The removal of all
kinds of sewage is ordinarily accomplished by means of sewers
and various related appurtenances, such as gutter inlets, manholes, and pumps. The sewers are placed in the streets and
several feet below the ground surface. The general process of
removing sewage is designated as sewerage, and an entire system
of sewers and appurtenances-which may include a sewagetreatment plant-is known as a sewerage S)'Stem.
" ' here a sewerage system is installed in a community, the
plumbing systems of residences and business buildings and the
drainage systems of manufacturing plants are connected to the
sewers. Also, where rain water is to be led away through sewers, openings in the street gutters afford entrance to the sewers.
The same sewer may carry all three types of sewage, but it is
more general to have one system of sewers for the domestic
sewage and the industrial waste, and another system for the
storm water.
A sewer that is intended to carry only domestic sewage and
industrial waste, and is to exclude storm, surface, and ground
water, is generally known as a sa11itary sewer; sometimes such
a sewer is called a separate sewC'r. A sewer that carries only
storm water, drainage, and other water from the surface of the
street, but not domestic sewage or industrial waste, is commonly known as a storm se·wer. Such a conduit is often called
a drai11, but the term drain is preferably applied to a pipe in
which both underground water and surface water are carried
off by gravity. A combi11ed sewer is one designed to carry
domestic sewage, industrial waste, and storm and surface water.
In the separate system o£ sewerage, provision is made for
carrying the domestic sewage and industrial waste in one system

4.

Types of Sewers.-The drains from the plumbing_ fixin
a residence or office building are connected to a smgle
.
t ures
underground pipe, called a house sewer, ~r 11011se co1mectw1J,
which carries the sewage either to a sewer m the street or t~ an
immediate point of disposal. If the sewer in the street rece1ves
ewage from house sewers or from openings in the gutters along
s
.
fr
the curb of the street but does not receiVe sewage om any
other sewer, it is known as a lateral str<»er. A sewer that collects the flow from two or more laterals is usually referred to as
a submai11 sewer. The sewer that collects the flow from two or
ore submains is called a 111ain se--&er, or truuk se-wer. \!Vhere
~ is not desirable to discharge domestic sewage or industrial
waste directly into a body of water, the entire flow from anumber of sanitary sewers or the dry-weather flow from a num~er
of combined sewers may be discharged into an iuterceptmg
se--&er. A sewer that carries sewage from the lower end of a
collecting system to a suitable point of final discharge or to a
sewage-treatment plant is called an outfall sewer.
.
A layout of the streets and sanitary sewers for a portion of a
city is shown in Fig. 1 ; the sewers are here represented by
heavy lines along the centers of the streets. Several of the la_teral sewers are designated by the letter a; a few of the submam
sewers by b; and the main sewers by c. An intercepting sewer
d extends along the bank of the stream and collects the sewage
from the mains and some submains. The outfall sewer e conveys the sewage to a suitable outlet in the stream. Ordinarily,
there would be a treatment, or disposal, plant between the outfall and the outlet.
5. Need for Treatment of Sewage.-Sewage is, perhaps,
the most objectionabl~ and dangerous waste p~oduct of mod:rn
life. The objections to sewage are both phys1cal _and financ1al,
and the danger from sewage is its menace to pubhc health. The
physical objections are the unsightly a~pear~nC: and th~ unpleasant odor. Raw, or untreated, sewage 1s obJectionable 111 appear-
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ance be<:ause it consists largely of discolored water and, in addition, contains floating material such as paper, feces, and pieces
of decayed fruit. Sewage decomposes quickly in warm weather
and the decomposition results in odors that are extremely offen-

The financial loss caused by the discharge of untreated sewage into a stream may be considerable. Unless the proportion
of sewage to water in the stream is extremely small, the discharge of the sewage into the stream may kill fish and plant life
and render the stream unfit for any recreational purposes. Such
discharge may also prevent the use of the stream as a source of
drinking water or as a watering place for cows. Although water
contaminated by sewage does not ordinarily harm animals that
drink it, and milk cannot become infected as a result of the
drinking of contaminated water by cows, yet the germs may be
carried on the bodies of cows that wade in contaminated streams
and these germs may thus reach the milk supply during the
process of milking.
The health of a community may be greatly endangered by
sewage contamination in water supplies. The organisms that
cause typhoid fever, various forms of dysentery, and cholera
are carried by sewage. These organisms are contained in the
intestinal tract of a person ill with the disease and are discharged
in the feces, and thus reach the sewers. It is also possible for the
organisms to be dischargtd by carriers, or persons who have had
the disease pre,·iously and have recovered from it but still discharge the organisms either continually or from time to time.
Unless preventive measures are taken, disease-causing organisms
in sewage eventually reach the stream into which the sewage is
discharged.
If food or drinking water is contaminated by sewage, the disease organisms may be taken into the intestinal tracts of many
people. Seepage of sewage into wells or water mains has been
responsible for numerous outbreaks of typhoid fever in the
United States. Also, flies have been known to transfer disease
organisms from sewage solids along the banks of a stream to
food or milk supplies. Thus, from the standpoint of health
alone, the treatment and disposal of sewage is a grave responsibility on the community producing the sewage.
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sive. If the solid materials are not removed from sewage that
is discharged into a stream, particles may strand along the banks
or sink to the bottom, and there decompose with odor. Greases
and soaps that are contained in the sewage will rise to the surface of the stream and form a scum.

5

6. Extent of Treatment of Sewage.- The two main purposes of treating sewage are : ( 1) to eliminate disease-bearing
organjsms to the extent demanded by local health conditions,

OPERATION OF SEWAGE-

TREAT).IENT PLANTS, PART 1

a nd (2) to stabilize the se\:age without producing nuisance or
odor and without endangermg health..
and
I n rder that the sewage may be gtven the properk type both
treatment at all times, 1t 1s necessary to now
Of
t
amoun
.
.
through the
tl ~quality and quantity of the sewage that u; passmg
. f
h
treatment plant. The quantity of sewage vanes rom our to
hour from day to day, and from month to month. The amount
of fl~w and the per cents of the variations depend largely on
the characteristics of the industries and on the habits of the people in the community. Another important factor is the amount
of water that enters the sewers as surface drainage or as seepage
from underground sources. As a rough approximation, the
average flow of sewage may usually be taken as 100 gallons per
day for each person served by the sewers. To determine the
quality of the raw sewage, or the sewage that has not yet been
given any treatment, and the treated sewage, samples of the
incoming and outgoing sewage must be taken frequently and
those samples must be analyzed. The analysis of sewage and
the proper interpretation of the results of the analyses are important factors in the efficient operation of a sewage-treatment
plant. I n t he treatment of sewage, complete purification Js
rarely accomplished; therefore, the term sewage treatment is
preferred except where absolut~ purification is meant.

passing of the sewage through some type of settling tank, either
with or without the application of chemicals, so that the larger
and heavier solid particles settle out from the liquid. These
solid particles that settle out form a slimy paste which is known
as sludge.
The partly-clarified sewage that has been given primary treatment is less objectionable than raw sewage, but it generally contains much decomposable material and is nearly always capable
of creating nuisance and causing disease. Therefore, furthet·
treatment, which is known as secondary treatment, is usually
required to stabilize the decomposable material.

6
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7. Methods of Treatment-The method of sewage treatment to be adopted in a particular case will depend almost
entirely on local conditions. It may consist merely of dilution,
or the discharge of the raw sewage into a stream or large body
of water. However, where sufficient dilution for the raw
sewage is not available, some other method of treatment is
necessary. The usual methods consist either of primary
treatment alone or of primary treatment followed by seco11dary

treat11umt.
Primary treatment may consist of one or all of the following
processes: passing the sewage through a grit chamber, in which
the sand or grit is settled out; scree11i11g, or the removal of a
portion of the coarser solids by passing the sewage through
specially constructed screens or racks; and sedimentation, or the

7

8. Sewage may be given secondary treatment by trickli11g
filters, in which the partially-clarifi.¢ sewage is allowed to pass
over broken stone, slate, or coke. Sometimes, sewage from
which the rags and sticks have been removed is given secondary
treatment by using it to irrigate soil; that is, the partially-clarified sewage is distributed over large areas of land in such a fashion that it is absorbed by the soil. Also, for small installations,
secondary treatment may be accomplished by sand filters, which
are beds of sand and gravel that strain out the solid matter and
also effect the removal of bacteria; or by contact beds, in which
the partially-clarified sewage is allowed to stand in contact with
broken stone, slate, or coke. A combinaton of both primary and
secondary treatment may be given to the sewage by the activatedsludge method, in which sludge from previously-treated sewage
is mixed with the raw sewage in the presence of an ample supply
of air and the solids are then allowed to settle out. The number
of bacteria acting on the sewage and their ability to stabilize the
sewage are g reatly increased by the addition of the sludge, and a
clear, stable liquid is produced by the activated-sludge process.
The sludge from any of the sedimentation processes, whether
primary or secondary, must be treated and dried, and either
may be used as a fertilizer or may be disposed of by dumping or
by incineration.
An auxiliary treatment, which may be used with either primary or secondary treatment, is disinfection, or the killing of
most of the bacteria in the sewage by means of chemicals.

BB 610-53!UA
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The sewage that enters a tank or device for treatment is
known as the influent, and the treated sewage that leaves the
apparatus is called the effluent. Thus, the effluent from one
process is the influent in the next succeeding process. In some
cases the tenus primary ef!lue11t and secm1dary effluent arc used
to distinguish between the effluents from primary and secondary
treatment processes.

In this installation, there is an emergency by-pass v that permits discharging the primary effluent from the Imhoff tank
directly to the pipe t and outlet sewer s. Such by-passes, however, are prohibited by some state boards of ht:alth, in order to
pt·event the direct discharge of the primary effluent and the
resultant pollution of streams or rivers.

9. Typical Treatment Plants.-In Fig. 2 is shown a perspective view of a treatment plant, in which both primary and
secondary treatment are given to the sewage. The raw sewage
from the sewer a passes through the screen chamb~r b, where
rags and sticks are removed before the sewage enters the settling chamber c o£ the tank d, which is known as an Imhoff tank.
The increased area in the Imhoff tank permits the v<:locity of
flow to be considerably reduced and the settleable solids in the
sewage fall through the slot in the bottom of the settling chamber and settle in the sumps at the bottom of the tank. The
effluent from the Imhoff tank flows into the dosing chamber e.
The sludge, which is permitted to digest or decompose in the
separate compartments at the bottom of the Imhoff tank, may be
removed at any time through the pipes f and forced through the
pipe g to the sludge-drying bed h. The stone apron i aids in
spreading the sludge as it flows onto the bed. Part of the sand
and gravel j of the sludge bed are shown removed in order to
indicate the underdrains.
From the dosing chamber e, the partially-clarified sewage is
discharged at intervals through one of the siphons k and one of
the pipes l and is carried to the trickling filters m, where it is
sprayed into the air by the nozzles n and thus thrown onto the
beds o of the trickling filters. Each of these beds consists of a
layer of crushed rock, underdrained by split vitrified pipes p.
The effluent from the trickling filters is collected by the under··
drains and is carried to the pipe q and through the manhole r
into the sewers. Tht: pipe t. that carries the drainage from the
sludge-drying bed h also discharges into the sewer s at manhole
r . The final liquid effiuent is discharged through the outlet u
into a stream.

9
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10. The layout of another type of sewage-treatment plant
is shown in Fig. 3. In view (a) is shown a plan; in view (b),
a vertical section along line A-A in (a) ; and in view (c), avertical section along line B-B in (a). As indicated in views (a)
6~2
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d (b) the raw sewage from the sewer a passes through the
:;reen chamber b and the conduit c into a settling tank, or clarifier d. Since it is desirable to show the interiors of both chamber band tank din view (b), the line A-A in (a) is a broken
line and not a continuous sh·aight line.
Because of the great increase in the cross-sectional area of
the settling tank over that of the conduit c, the velocity of the
sewage is greatly reduced in the tank; and the reduced velocity
permits much of the solid material to sink to the bottom of the
tank. A special scraping mechanism e, which is mounted on a
vertical shaft, rotates slowly and continuously around the bottom
of the tank and scrapes the settled sludge toward the sump f
at the center of the tank. The effluent from the settling tank d
flows into the channel g. As shown in views (a) and (c), this
effluent then passes through the conduit h and into the dosing
tank i. In order that the interiors of both tanks d and i may be
shown in view (c), the line B-B in (a) is broken.
If it is deemed necessary, chemicals may be applied to the
liquid in the dosing tank. When the tank is filled to a certain
}t:vel, the liquid is discharged by means of an automatic control
apparatus, and is carried through the pipe j to the trickling filter
k. The sewage is sprayed onto the surface of the bed through
a number of spray nozzles /. After the liquid has trickled
through th~ broken stone of the filter bed, it is collected by a
series of underdrains and is discharged through the outlet
sewer m into a stream or Jake. Sometimes the effluent from the
trickling filter is passed through a secondary settling tank before
it is carried to the point of final disposal.
In some plants the liquid effluent from the treatment processes
is treated with chlorine for the purpose of disinfection before it ·
is discharged into a stream. The chlorine is permitted to come
into intimate contact with the liquid in a tank known as a con-.
tact tank.
Specially designed pumps, which are located in the pump
house n, shown in views (a) and (b), are used to pump the
sludge from the sump f into the tank o, called a digester. The
sludge is removed from the settling tank d before digestion has
advanced appreciably, and it remains in the digester for from
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4 to 6 weeks, during which period it is stabilized by continuous
digestion. A mechanical rotator p, which is supported by the
truss q, is used to break up the scum at the surface and to collect
the sludge at the bottom. During the digestion process, various
gases are given off, principal among which is met.ha11e, a gas that
is high in fuel value. Therefore, a cover is sometimes provided
above the digester to collect these gases, which are later burned
to provide heat and power at the plant.

0
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After the digestion process has continued for a sufficient
length of time, the sludge is forced out through the pipe r onto
the surface of the sludge-drying bed s, where it remains until it
is dry enough to be removed with forks. The bed is divided
into two equal parts so that one half may be clt:aned while wet
sludge is drying on the other half.

12
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11. A third type of treatment plant is shown in Fig. 4; in
view (a) is shown a plan, and in view (b) a section along A-A
in view (a). At this plant, the raw sewage passes through the
screen chamber a and then flows into a primary settling tank b.
This tank is supplied with a mechanical scraping apparatus,
which forces the. slud.ge into the sump c. The primary effluent
flows over the we1r d mto an aerator, or aeration tank, e, where
it is mixed with air. In this case, the mixing process consists in
stirring the liquid rapidly by means of a mechanical device.
~0\~ever, in. so~ne plants, the mixing consists in discharging
a1r mto the llqwd through porous pipes or plates. From the
tank e the liq~~ flows into a second aeration tank f, where the
process of muong with air is continued. Then the activated
effiuent ~a~ses int~ the s~ondary, or final, settling tank g. Here,
the remaJ.mng sohds, wh1ch have been activated by the aeration,
are permitted to settle out, and the sludge is scraped into the
sump h. The effluent is now ready for final discharge without
further treatment and is permitted to flow over the weir i
which is H-shaped in plan, and then through the pipe j to a rive/
The ~Judge from the settling tanks is forced or pumped through
the p1pes k and l to the digester m, which is connected to the
sludge-~ryi.ng beds 11. In this plant, the overflow, or supernatant hqwd, from the digester is returned to the screen chamber through :he pipe o, and some of the activated sludge from
t~e su~p h ts ret~rned to the first aeration tank through the
p1pe p, m order to maculate the incoming sewage with activated
sludge.
OPERATING R E QUIREMENTS I N SEWAGE-TRE ATMENT
P LANT

12. Ou~e of Duties of Operating S taff.-A sewage-treatme?t w_orks IS really an industrial plant, the primary purpose of
wh1ch 1s to safeguard the public health and prevent disagreeable n~isances. In order that the e-xpected benefits from the
mon~y mvested in such a plant may be realized, it is necessary to
prov1de for careful supervision and efficient operation of the
plant. AJI the work involved in the operation of a small treatment plant may be performed by one man, but the operation of a
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large plant may require a staff of men, each of whom has a particular type of work to perform. Usually, the larger plants are
attended 24 hours in each day and the men work in shifts,
whereas the small plant requires attendance only during the daylight hours.
The duties of the operating staff of a treatment plant include
inspection; cleaning; maintenance and control of the treatment
devices ; collection and preparation of the samples for laboratory
tests; performance of the laboratory tests; compilation and
maintenance of daily records; and general plant maintenance.
13. Safety R equirements.-Although the work in and
around a sewage-treatment plant cannot be classed as especially
dangerous, there are elements of potential danger that must be
guarded against. Probably, the majority of serious accidents
are caused by gas, which may be asphyxiating, poisonous, or
explosive, or a combination of these. As a preventive measure
against poisoning or asphyxiation by gas, any closed tank or
conduit should be thoroughly ventilated before a person is pernutted to enter it. Also, a rope should be attached to the person entering a tank that may contain gas, and two assistants
should be stationed outside the tank ready to extricate the man
inside in case of necessity. Chlorine gas is extremely corrosive
and is especially irritating to the human respiratory tract. Hence,
when chlorine is used in the treatment of the sewage, all chlorine
equipment should be carefully sealed against leaks, and a gas
mask should be hung outside the door of the chlorinator room.
Methane gas is one of the principal products of the digestion
of organic matter, and, when mixed with air, is highly explosive.
Therefore, open flames or other sources of ignition should be
prohibited in those portions of the plant where gases may be
generated or confined. It is unsafe to carry a lighted cigarette
or cigar into a closed tank that has just betn emptied or to lower
a lighted candle into such a tank in order to test the purity of
the air in the tank.
As in aU industrial plants, the gears and other moving parts of
machinery should be covered by satisfactory shields to protect
the operators and visitors to the plant. Also, all tanks should be

15
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surrounded by guard-rails to prevent accidental im~ersion, and
rungs or steps should be provided as a means of ex1t from such

and other recording devices should be changed, and the recording
pens should be filled with ink, every day.

t~~~-s most essential that a first-aid kit be included in the plant

15. Cleanliness in Plant.-Some of t he solids in sewage
begin to decompose very quickly, and odor wiU be produced if
fresh solids are permitted to stand without treatment for even a
short time. Therefore, extreme care is required to prevent
the accumulation of sewage particles on the surfaces of the
various pieces of equipment. The screens at the point where the
sewage enters the treatment plant should be kept free from
solid matter. This is relatively simple where the screen is cleaned
mechanically, but requires constant vigilance where the screens
must be cleaned by hand tools. Obviously, prompt removal and
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equipment. All ~uts and ~cratch~ s~ould . be treat~d at once as
a preventive agat~st _posstble skin. mfec_ttons. Smce sewageborne diseases thnve m the human mtesbnal tract, the operator
should cleanse his hands thoroughly with soap and water before
he touches anything that he intends to put into his mouth.

14. Maintenance of Plant Equipment.-As indicated in t he
description of typical sewage-treatment plants, mechanical equipment is a necessary adjunct of such plants. The proper maintenance of this equipment requires regular inspection and lubrication, and correct operation. A sewage-treatment plant must
operate continuously. Consequently, the equipment must be
kept in good condition, and all equipment that is essential to
continuous operation of the plant must be provided in duplicate.
Details of the operating procedure for each type of apparatus
and a chart for oiling and greasing it are provided by the manufacturer. This information should be studied carefully by the
operator so that he will know all the points that require lubrication, the frequency with which the lubricant should be applied,
and the type of lubricant that should be used. If no instructions have been provided, the manufacturer should be requested
to send them. GeneraUy, the mechanical apparatus will require
practically no adjustments, and, unless the operator is also a
skilled mechanic, adjustments should not be made without expert
superviSIOn. This rule does not apply to chemical-feeding
equipment, which may require frequent adjustment to control
the dosages of chemicals so as to meet the needs of the incoming
sewage.
Occasionally, a pump will become clogged with rags or other
fibrous material, which must be removed. For this purpose,
most pumps are provided with clean-out holes that are covered
with removable metal plates. The apparatus for removing
sludge and the air compressors or blowers rarely need attention
except for lubrication or inspection. The charts on the gages

Ftc. S

disposal of the screenings is essential. Unless the plant is
equipped with an incinerator for burning the screenings, they
must be bmied with at least a 2-foot covering of earth. T he
screens and the platform above them should be cleansed by
means of a hose. A lso, the container into which the screenings
are dumped and the carrier in which they a re removed must be
washed thoroughly at frequent intervals.
Grease that collects along the walls of the settling tanks at the
level of the liquid, and solid materials that ding to the sides of
the tanks, must be removed each day, or more often in warm
weather. Such materials are usually scraped off by means of a
squeegee, one type of which is shown in Fig. 5. The scraping
edge a is made of a fle.xible material, such as belting.

16. Upkeep of Grounds Around P lant.-A sewage-treatment plant that looks well kept and has an attractive appearance

16
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JS not usually subject to the severe criticism or the continual
complaints that are common in the case of an unsightly plant.
Therefore, it is advantageous to do a certain amount of landscape gardening around the plant. All weeds should be removed
and grass should be planted over all exposed areas. Pl:.nting shrubbery and dwarf evergreens in corners and along
walks will aid in improving the appec.rance of the grounds. All
grass and shrubs should be cut and neatly trimmed. The dried
sludge from the t reatment plant furnishes excellent fertilizer
for the vegetation around the plant. In Fig. 6 is shown a view
of a plant that presents a pleasing appearance because of landscaping and good care of grounds.

17. Records of Opera tion of Plant.-It is important to keep
records of the various procedures in the operation of a sewagetreatment plant. Such records are an aid in determining the
most efficient method for operating the plant; in indicating to
the designing engineer the best type of equipment for additions
or alterations to the plant; and in showing conditions in case
of a lawsuit against t he plant. I n many states, these records a re
required by law, and the forms on which the records are kept
are standardized. Nearly all records are made in d uplicate. At
the end of each month, one copy is sent to the State Board of
Health and the other is filed at the plant for further reference.The exact type of for m used for recording the data wiJl vary
with the type of plant and with the various requirements of
different states. Typical forms will be illustrated in conjunction with the detailed operation of treatment plants.
18. Typical Operating S chedule for Small Plant - Because
of t he different sizes of t reatment plants and the various types
of treatment given to the sewage, there can be no standard
schedule for the operation of all plants. However, some idta
of the daily routine may be useful. The folJowing schedule
applies to a small plant which serves a population of about
5,500 and in which the activated-sludge type of treatment is
used. This plant is operated by one man working nom
7 A.M. until 5 P.M.
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Tnu:
7:00
7:15
7:30

0PERATIOX PERFORMED
A. )f.

7:-tS
8:00

9:00
10:00
11 :00
12:00 Noon
12:30
1 :00
2:00

3:00
4:00
4:40

P. M.

Inspect all motors and machinery.
Rake bar screens and bury screenings.
Start mechanical sludge collectors.
Read meters and record temperatures.
Start pump for moving sludge to digt:Stion tank. (Pumping requires 1 hour; attendant must keep pumping process
under observation and be available in case the pumps clog,
but he may accomplish many minor duties in the plant during this time.)
Make out reports, clean laboratory glassware, and wash the
plant by means of hose.
General operation duties.
Collect samples for analyses and make necessary preliminary laboratory tests.
Check meters to see whether plant is operating properly,
rake bar screens, and bury screenings.
Lunch.
\\"ork on grounds around plant.
?.lake tests in laboratory
Start pump for moving sludge to digestion tank.
Make further tests in laboratory.
Check motors, rake bar screens, and bury screenings.

There are also miscellaneous duties which cannot be classified
in a daily schedule. These duties include such work as oiling the
machinery once each week; drawing tht= supernatant liquid from
the digesters; cleaning the grit chambers; washing the flow channels by means of a hose; taking up the bearings and packing
the stuffingboxes on the various machines; and, in general,
maintaining the equipment in good operating condition.
CONTENTS OF SEWAGE
ORGAlUC AND INORGANIC MATTER

19. Classification of Solids in Sewage.-Sewage ordinarily consists of the water that has been used for bathing, washing dishes or clothing, and flushing toilets. \Vhere combined
sewers are used, the sewage includes also the run-off from
rains or street flushings. Sewage rarely contains more than 2
pounds of solid materials per 1,000 pounds of sewage; this is
usually expressed as 2.000 parts per million.
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The solids in sewage consist of orga11ic substa11ces, such as
excrement, soap, fat, and small particles of garbage; and inorganic substances, such as sand, clay, grit, chlorides, and other
minerals. The proportions of these solids in sewage will vary
considerably with the seasons and with the type of sewage. The
total amount of solids, as well as the percentage of inorganic
solids, will be higher in combined sewage than in domestic, or
sanitary, sewage.
The solid matter may be further classified as suspended solids,
dissolved solids, and colloidal solids. Suspended solids are those
solids that float either on the surface of the liquid or in suspension in the liquid ; they usually represent from one-third to twofifths of the total solids. Dissolved solids are those that are dissolved in the liquid in the same way that salt is dissolved in
water; they represent from three-fifths to two-thirds of the
total solids. Colloidal solids are those finely-divided solids that
are almost too small to be seen and also those solids that are
apparently soluble but remain on the surface of a parchment
filter when the liquid and the dissol\'ed solids are passed through
the parchment. In general, the colloidal solids represent about
one-fourth of the total solids. However, colloidal solids are not
given special consideration in sewage analyses, the greater portion of them being classified as suspended solids and the
remainder as dissolved solids.
An important consideration in the treatment of sewage is the
amount of settleable solids, or the portion of the solid material
that will settle if the sewage is allowed to remain quiet for from
2 to 4 hours. The percentage of settleable solids in sewage
depends on the condition and character of the sewage. Usually,
more than one-half of the suspended solids, and from one-fifth
to one-fourth of the total solids, are settleable.
In Table I are given the relatiYe proportions of total solids,
organic solids, and suspended solids, as determined in the sewage analyses for seven different municipalities in New J ersey.
20. Forms of Organic Matter in Sewage.- The organic
matter in sewage may be divided into the following three kinds
of compounds : proteius, carbohydrates, and fats. All three
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types of compounds conta!n carbon: oxygen, and hydrogen.
Some organic matter contaJns also rutrogen and sulfur. Certain organic materials are in simple forms that will decompose
readily but most of them are in such complex forms that various sta~es must be passed through before stable compounds are
evolved. These changes in form are the result of either chemical reactions or bacterial activity.

22. Carbohydrates.-Many materials in sewage, such as
sugar, starch, wood fiber, and cellulose, contain carbon, hydrogen, and oxygen in the form of carbohydrates. Although the
chemical structure of the various carbohydrates is similar, the
resistance to decomposition varies considerably. The groups
represented by sugar and starch decompose quite readily, but
cellulose, which is present in cotton products and certain types
of absorbent paper, has high resistance to decomposition.
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21. P roteins.-Proteins are extremely comple..x substances
that are essential for all living matter, both animal and vegetable. Therefore, all uncooked animal and vegetable matter contains proteins. The proportion of proteins is large in lean meat
TABLE I
RATI OS OF SOLIDS IN SEWAGE T O TOTAL SEW AGE IN SEV EN NEW
JERSEY :MUNI CIPALI T I ES ·
(Ratios in parts per mllUon by weight)
Municipality

Total
Solids

Organic
Solids

Suspended
Solids

Freehold ·····················
Haddon Heights .... . . . .......
Hammonton .................
Moorestown ........... ......
Plainfield ··· ·················
Princeton ...... ..............
Washington ...................

1,348
649
329

Average .......... . . . ..........

55-l

739
371
197
270
627
316

831

468

402
230
110
140
380
176
458

743

427

271

-M5

1,042

and is small in fat meat and watery vegetables. Certain acids
and alkalies will decompose proteins into simpler forms of carbon, oxygen, nitrogen, and hydrogen. Also, putrefactive bacteria and some types of enzymes, which are chemical secretions
of bacteria, will aid in decomposing the proteins in sewage. The
nitrogen content of proteins is usually about 16 per cent, but
the proportions of carbon, oxygen, and hydrogen vary considerably. The most common types of proteins are albumen, which
is the chief constituent of egg white, and casein, the main constituent of milk.
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23. F ats.-Oily or greasy substances, such as occur in fat
meats, oils, and certain plants or seeds, constitute the fats in
sewage. It is particularly difficult to break down the fatty
compounds into simpler combinations of carbon, hydrogen, and
oxygen. In general, these compounds resist bacterial decomposition, ana they are especially troublesome in sewage treatment
because they tend to cover or coat particles of organic matter so
as to protect such matter from bacterial action.
24. Inor.ganic, or Mineral, Matter.-In addition to the inorganic substances mentioned in Art. 19-sand, clay, grit, and
chlorides-sewage may also contain other minerals, such as iron,
lime, phosphorus, and sulfur. The sand, clay, and grit enter the
sewage chiefly from street and garage washings. The chlorides
are present in most ground waters, are contained in both feces
and urine, and may be present in kitchen wastes. The other
minerals, which are always in chemical combination with other
substances, may be derived from industrial or manufacturing
waste or from other sources. In general, the inorganic matter
in sewage is considered in estimating the amount of sludge that
may be expected, but is not otherwise important in sewage-treatment processes.
B4CTERIA IN SBW AGE

25. Sewage contains immense numbers of bacteria, which
may be of nearly every kind known to inhabit the soil, the air,
the water, and the intestinal tracts of men and animals. Some
of the bacteria may be disease producing, but the large majority
are more important as agents in the oxidation, or reduction, o£
organic compounds to stable forms that will not further decom-

OPERATION OF SEWAGEpose with odor. Organic compounds are oxidized, or reduced
to stable form, when the various elements of the compounds
have combined with oxygen.
According to their action in the decomposition of sewage, bacteria are classified as aerobic, anaerobic, and facultative. Aerobic
bacteria require atmospheric oxygen for their activities; anaerobic bacteria work in the absence of oxygen; and facultative bacteria act whether or not oxygen is present. The oxidation
proces~ in sprinkling filters, c~ntact beds, and activated-sludge
plants ts largely due to the act10n of aerobic bacteria, while the
decomposition of proteins, greases, and fats is primarily due to
the action of anaerobic bacteria. Facultative bacteria aid to
some extent in both processes. Tht:> type of the bacteria that are
present in sewage changes as the sewage passes through different
stages toward ultimate disposal, and the parts that the different
bacteria play in these biological changes are important in the
efficient operation of a sewage-treatment plant.
DECOMPOSITION OF SEWAGE

26. P~ogressiv~ Changes in Character of Sewage.-Since
the orgamc n~atter ~n raw sewage is an unstable product. changes
due to bact~nal action are constantly taking place in the sewage
fro~ the time th: w~ste product is discharged into the sewer
un~tl compl~te oxtdatJon, or reduction, has been accomplished.
Thts bactenal action begins as soon as the sewage reaches the
sewer and progresses quite rapidly. From one-fourth to onehalf of the organic matter in the sewage may decompose in a few
hours. However, certain types of organic substances decompose so slowly that they are not affected by the various treatment
processes through which tht:> sewage passes.
The .progressive stages of the sewage may be illustrated by
the act1on th~t- takes place in a long sewer. Before tht: process
of decom~~1tlon has used up an appreciable amount of the
oxygen ongmally present, the sewage is termed fresh. In this
state, the s~wage is acted on principally by the aerobic bacteria.
Under ordmary conditions in a sewer, the sewage does not
a.bsorb o~ygen from the a ir, whereas the process of decomposition contmues to use up the o>..-ygen i•• the sewage until it is
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entirely e."hausted. The sewage in this state is said to be stale.
After the oxygen is used up, the process of decomposition is
continued by the anaerobic bacteria, and this part of the process
is known as prllrefaction. The sewage in this stage is called
septic.
27. Putrefaction and Oxidation.-The degree of oxidation
that takes place in the organic matter while the sewage is still in
the sewer is entirely dependent on the relatively small amount
of oxygen contained in the fresh sewage. This oxygen is rapidly exhausted and, in so far as the process of treatment of the
sewage is concerned, the preliminary oxidizing action is almost
negligible. Therefore, putrefaction is really the first major step
in the process of breaking down the organic compounds. Putrefaction results in the formation of such products as hydrogen
(H), hydrogen sulfide (H:rS), carbon dioxide (C0 2 ) , ammonia
(NH8 ) , nitrogen (Nl), methane (CH 4 ), and various intermediate compounds of these same products. Some of these compounds, particularly hydrogen sulfide, are offensively odorous.
The second step in decomposition is the oxidation of many
of the products of putrefaction. This oxidation process results
in the formation of nitrates, sulfates, and other inoffensive substances. Not all the organic matter in the sewage is mineralized
by the oxidation process, but the organic matter that is not mineralized is converted to stable forms, which change very slowly
and without odors.
SEWAGE ANALYSES
PRE LIMINARY EXPLANATIONS
USE OF ANALYSES

28. Need for Analyses.- The proper and efficient operation
of a sewage-treatment plant requires a knowledge of the composition and characteristics of the particular sewage that is to be
treated. Before the plant is designed, the engineer endeavors to
obtain complete information as to the type of sewage that will
pass through the plant, in order that the best possible methods
of treatment may be installed. After the plant is built, the
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operator must have a knowledge of the daily or hourly changes
in the characteristics of the sewage at various stages of the treatment, in order that the plant may be operated satisfactorily. The
only method of obtaining this necessary information about the
sewaue is by means of tests or analyses of samples that are
obtai~ed from the sewage at the point of entrance to the plant
and at various points in the plant, and from the effluent at the
point of discharge from the plant.
29. Types and P urposes of Analyses.-Analyses of sewage
for the operation of a sewagt-treatment plant generally are both
physical and chemical. Bacteriological examinations are of
comparatively little importance in the operation of a plant,
because large numbers of bacteria are nearly always present even
after the sewage has been treated.
Sewage analyses are made for the following purposes: To
determine the character of the liquid wastes of the community;
to estimate the strength of these wastes and to determine the
probable effects their discharge into a stream will have on the
fish life, the public health, the emitted odor, and the appearance
of the water; to measure the adequacy of the treatment methods
that are either contemplattd or in use; and to aid in the design
of new plants or in the operation of old ones.
All analyses of sewage samples should be made according to
the methods described in tht: latest edition of the book entitled
Standard Methods for the Examination of TValer aud Sewage,
which is published jointly by the American Public Health Association and the American Water \Vorks 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 referred to simply as Standard Methods. All weights and
volumes are expressed in metric units, and temperatures are
expressed in degrees Centigrade.
METHODS OF TAKING SAMPLES

30. Types of Samples.-The quantity and quality of the
sewage that enters a treatment plant change continually and
may be considerably different for each hour of the same day, the
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same hour on successive days, wd the same day in successive
·.veeks. Consequently, a single sample of sewage taken at any
particular time is only representative of the c~nditions existing
in the sewage at that time. In order to obtam results that are
representative of average conditions, care ~-ust be e>:ercised to
obtain samples that represent average cond1t10ns. It 1s not possible to prescribe a fixed procedure for all plants.
In the procedure recommended in Staudard llfetlwds, samples
of sewage ~re taken at regular 5-, 30-, or 60-minute intervals
throughout either two separate 12-hour periods or one continuous 24-hour period. The various samples are combined to form a
composite sample that will show the average condi~ons for the
entire period. For small plants, however, only a smgle sample
of the sewage in each stage of the treatment process need be
taken each day. In order to have the samples from the various
stages comparable, they should be taken from the same flow of sewage. For example, where the sewage is held in the settling
tanks for a period of 2 hours, the sample from the outflow end of
the tank should be taken 2 hours later than that from the inflow
end of the tank. Also, in order to make daily comparisons of
the efficiency of the plant, the samples at any one stage should
be obtained at the same time each day.
31. Obtaining Samples by Hand-Operated Devices.-Samples of sewage may be obtained by hand-operated devices or by
mechanical sampling devices. Where hand methods are used,
the total volume of either a single sample or a composite sample usually is 2 to 3 liters. However, it is so~etimes advantageous to collect a larger volume in order to ~btam a m~re truly
Large pieces of fl.oahng matenals, such
1·epresentative sample.
as rags and fruit skins, should be excluded from the samples.
If a representative sample of the sewage is to _be removed fro~
a tank it is necessary to obtain sewage from different depths m
theta~. Generally, an average sample may be obtained by taking sewage from at least four different depths. Several dev_ices
have been developed for obtaining accurate samples at _vanous
depths. One ingenious device consists of a pole to which bottles are attached at various definite p~ints so that, when the
6I()-3
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pole is held vertically with one end resting on the bottom of the
tank the mouths of the bottles will be situated at the elevations
frOJ~ which the samples are to be taken. \Vhen a sample is to
be used for a precise test, it is essential that the temperature of
the sewage should be recorded at the time at which the sample
is collected.
32. Mechanical Samplers.-There are several types of
mechanically-operated samplers that are used in sewage-treatment plants. Some of these samplers remove small amounts of
sewage continually, and others remove samples at predetermined
intervals. In certain machines, the quantity of the sample
obtained is automatically proportioned to the total volume of
sewage flowing into or out of the plant. Such proportioning is
very often essential in obtaining representative samples. The
collecting apparatus may consist of cups on an endless chain, a
vertical slot that moves horizontally across the channel, or a
rotating arm that collects the sewage as it rotates. In a number of cases, the opening in the part ·of the apparatus that collects the sample of sewage is too small to permit the entrance of
representative sewage, particularly where the sewage carries
large particles of solid matter. However, the mechanical samplers eliminate the possibility that the operator will neglect to
take a sample and, in general, are more satisfactory than hand
samplers.
In Fig. 7 is shown one type of mechanical sampler, which is
manufactured by the Chicago Pump Co. and is known as the
Tru-Test Sampler. The sewage enters the sampler through a
pipe a near the bottom and flows upward in the vertical channel
b. The slotted arm c rotates about a horizontal axis d and collects a sample of the sewage in the trough e. As the arm reaches
its highest position, the sample flows down the trough and runs
through the rectangular holes f and g into the funnel It, from
which it enters the sample bottle i. The sewage, witl1 the exception of the collected sample, flows over the baffle j and out
through the pipe k near the bottom of the apparatus.
33. Preservation of Samples.-A sewage sample should
preferably be analyzed as soon a~> possible after the sample is col-

TREAT1IENT

PLAi~TS,

PART 1

27

lected. If the analysis is delayed for several hours, the sewage
will decompose to some ex.te~t and the tests will not indicate the
conditions that existed in the original sewage. When it is
·mpossible to make the analysis within 4 hours after the sam1 Je is collected, the ~mple may be preserved in its original
pt te by treating each liter of the sample with 6 milliliters of
sa
.
d' t1
.
chloroform, and then placing the contamer tree y on 1ce or

F1c. 7

storing it at 4° C. Both the ch~oroform and. the ice mu~t be
used, as neither one will be sabsfactory by Itself. Ho"ever,
samples for relative-stability and B.O.D. tests must be free
from preservative material.
EQUIPMENT USED IN CONDUCTING ANALYSES

34. Required Analyses.-The tests or analyses required. in
a sewage-treatment plant may be divided into two classes, which
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are known, respectively, as physical examinations and chemical
examinations. The number of these tests that are conducted in
any particular case will depend to a large extent on the degree
of treatment that is to be given to the sewage and on the size of
the plant. Some plants that include both primary and secondary
treatment will require all the tests, while other plants that do
not provide complete treatment will require relatively few of
them.
The list of physical examinations includes the following tests :
Total solids, volatile solids, fixed solids, suspended and dissolved solids, settleable solids, turbidity, and odor. The chemical examinations include the following: Ammonia nitrogen,
albuminoid nitrogen, nitrite nitrogen, nitrate nitrogen, organic
nitrogen, oxygen consumed, dissolved oxygen, biochemical oxygen demand (abbreviated B.O.D.), relative stability, hydrogenion concentration or pH value, residual chlorine, chlorine
demand, sludge inde..'-', and grease content.
35. Necessary Equipment-At every sewage-treatment
plant, space and equipment should be provided for conducting
analyses. The equipment should include at least a sink, benches,
sampling tables, and a moderate amount of laboratory apparatus.
The following lists include the equipment and supplies necessary for making practically all the standard physical and chemical tests required in a sewage-treatment plant.
NuMBER
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DESCRIPTION OF APPARATUS

Special Eq11ipme11t
1 Analytical balance with set of balance weights, including riders;
maximum load 100 g ., balance sensitive to 0.1 mg.
2 Bunsen burners
1 Drying oven, electrically controlled
1 Extraction apparatus, Soxhlet
1 Hot plate, 9" X 12", electrically controlled
1 Hot-water bat.h
1 Hydrogen-ion and chlorine comparator
1 Incubator, electrically controlled
Jackson turbidimeter
Muffiefumace
Suction pump, 3f" X i"

NU:\IBER

DESCRIPTIOX OF APPARATUS

Glassware
21 Beakers (pyrex), low, with lip
12@250 mi.
6@400 mi.
3@1,000 mi.
6 Bottles, acid-glass stoppers, 5-pint capacity
62 Bottles, narrow mouth, flat ground-glass stoppers
6@120 mi.
6@150 mi.
36@250 mi.
6@500 mi.
8@1,000 mi.
48 Bottles, wide mouth, corks to fit, 250-ml. capacity
2 Bottles, indicator dropping, 50-ml. capacity
2 Burettes, 50 mi.
10 Cylinders, graduated
2 each@50 mi., 100 mi., 250 mi., 500 mi., and 1,000 ml.
1 Desiccator, with plate, inside diameter 6 in.
7 F lasks (pyrex), with rubber stoppers to fit
2 Hat bottom, 1,000-ml. capacity
2 Erlenmeyer, 300-ml. capacity
3 volumetric:
1@ 250 mi.
1@ 500 mi.
1@ 1,000 mi.
2 Flasks (pyre.x), suction, 500-ml. capacity
8 Funnels
2 Buchner, jena glass
2 short stem, 5" diameter
4 short stem, 2'' diameter
6 Imhoff cones, 1,000-ml. capacity
12 Nessler tubes, long form, 50-ml. capacity
17 Pipettes
3 each@2 mi., 5 mi., and 10 mi.
6@1 mi., calibrated in 0.1 mi.
2@1 mi., calibrated in 0.01 mi.
R od, 3 ft. long, diameter 6 mm.
12 Test tubes (pyrex), length 200 mm., diameter at lip 25 mm., with
one-hole rubber stoppers
1 Tube, bollo,v, 12 ft. long, outside diameter 7 mm.
i Thermometers, 8" long
4 \Vatch glasses, 2!" diameter
Washing bottle (pyrex), 1,000-ml. capacity
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Porcelair•
Casserole, diameter 85 mm.
48 Crucibles
24 Coors, height I7 mm., 15-ml. capacity
24 Gooch, height 40 mm., 25-ml. capacity
6 Evaporating dishes, diameter 85 mm.
I

.Miscellaneous Items
2 Holders, for Gooch crucibles, to fit 7' funnel
1 Hose (rubber), for suction connection, f/'x/r"X6 ft.
3 Packages filter paper to fit Buchner funnels
I Pair crucible tongs (nickel), 8" long
2 Rings, with screw clamp, 3" diameter
1 Set of cork borers, /r" to -&"
I Spatula
6 Stands
1 burette, for 2 burettes
for Imhoff cones
for Nessler tubes
for test tubes
2 ring, base 6l"x9'', rod h"X36"
-1 Stoppers (rubber), to fit suction flasks
2 Triangles (silica), 2" on each side
Tube (rubber), heavy wall, 6 ft. long, inside diameter 5 mm.
AMOUNT

1 lb.
I oz.
4 oz.
1 lb.
8 oz.
t lb.
1 lb.
1 lb.
t lb.
! lb.
I lb.
5 gal.
I lb.
5 lb.
5 lb.
4 oz.
IO g .
I oz.
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CHEMICALS

Acetic acid
Alpha-naphthylamine
Aluminum £oil
Ammonium chloride
Ammonium oxalate
Asbestos, medium fiber, washed and ignited
Boric acid
Calcium chloride in lumps
Chloroform
Coarse glass wool
Copper sulfate
Distilled water
Hydrochloric acid
Lead acetate
~fanganous sulfate
Mercuric chloride
Methylene blue
Methyl orange

AMOU.:O.'T

I,OOO cc.
l oz.
I lb.
4 oz.
1 oz.
2 lb.
8 oz.
8 oz.
1 lb.
1 lb.
1 lb.
4 oz.
1 oz.
1 lb.
8 oz.
5 lb.
8 oz.
4 oz.
1 oz.
9 lb.
500 cc.
5 lb.
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CnE:utCALS
Orthotolidin solution
Phenolphthalein
Potassium bichromate
Potassium hi-iodate
Potassium chromate
Potassium hydroxide
Potassium iodide
Potassium oxalate
Potassium permanganate
Rochelle salt
Salicylic acid
Silver nitrate
Silver nitrite
Sodium bicarbonate
Sodium chloride
Sodium hydroxide
Sodium thiosulfate
Starch, soluble
Sulfanilic acid
Sulfuric acid
Sulfuric acid, O.l.V standardized
Zinc sulfate

36. General Descriptions of Glassware, Porcelain, and Miscellaneous Apparatus.-In order to understand the procedure
for conducting the various analyses of sewage, it is ad\'isable
to be able to associate the appearance of each piece of apparatus
with its name. The use of each piece wiU be indicated in the
descriptions of the tests. ~Iost of the pieces constructed of
glass and mentioned in the list in the preceding article are shown
in Fig. 8. The name of each unit is given beneath the view.
In Fig. 9 are shown pieces constructed of porcelain and also several misceJianeous items used in conjunction with the regular
apparatus.
37. Description of Analytical Balance.-A knowledge of
the correct manipulation of the analytical balance is of importance to the sewage-plant operator. In Fig. 10 is shown one
type of analytical balance used in ordinary laboratory work. The
balance is enclosed in a glass case fitted with sliding doors in
front and in back. The drawer in the base contains the set of
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weights shown in Fig. 11, cleaning brushes, and a spatula. At
the top of the upright a, Fig. 10, 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 sca]e
pans f. In order that the entire balance case may be ]eveled,
there is an adjusting screw gat each corner. The air bubble in
the spirit level h indicates when the upright a is vertical. 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.
'Vhcn 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

FlG.ll

are in perfect ba1ance. If the pans are balanced correctly, the
index pointer j should come to rest at zero on the scale k when
the pans are re]eased by manipulating the knob l. Usua11y, 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
than the left-hand one; and, if the pointer swings farther to the
right than to the left, the left-hand pan is heavier than the righthand one. The proper balance must be attained by means of
the screws m and 11. 'Vhen the right-hand pan is heavier, the
screw 111 is turned so as to bring that screw nearer to the
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supporting post a or the screw 11 is turned so as to move that
screw farther from a; the reYerse is true when the left-hand
pan is heavier.

39. Other Equipment.-In Fig. 12 is shown a Bunsen burner. This is a gas jet made especially for laboratory work. 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 by rotating the collar that is located
just above the connecting arm, and thus opening or closing the
air holes in the vertical tube.
An electrically-controlled drying oven is shown in Fig. 13.
~Iaterial 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.
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38. 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 ~he left-hand pan or watch glass and enough weights
from the wetght 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 accu-
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FIG. 15

FIG. 12

Fie. 13

rat~

enough for laboratory work, there is a rider o, Fig. 10,
whtch rests on the beam d and serves to give a more accurate
balance. This _rid~r weighs 10 milligrams, but its position along
the beam d, whtch IS graduated as shown in view (b), determines
the efftct it has in balancing the pans. Thus, if it were at the
graduation mark 1 on the beam, the effect would be equivalent
to ad?ing ~\~eight of 1 milligram on the right-hand pan; and, if
the nder IS m. the position shown in view (b), the equivalent
load on the nght-hand pan is 4.25 milligrams. The rider is
placed in positi~n by means of the arm p' on the rod p, which
may b~ moved m or out as desired. The weights should be handled wtth forceps, and not with the hands.

FJG. 14

FIG. 16

In Fig. 14 is shown a Soxhlet extraction apparatus, which is
designed especially for extracting grease and soap. It consists of three main parts, namely, a flask a of known weight, an
extraction tube b, and a condenser c, all of which are made of
transparent glass.
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Sometimes the porcelain equipment must be heated before it
is used. This is done on a hot plate, one type of which is shown
in Fig. 15. I t consists of a metal plate a that is supported on
legs b and is heated by electricity.
I n Fig. 16 is shown a typical hot-water bath. This is merely
a copper kettle that is provided with a fitted cover and an opening for the escape of steam. Heat is supplied by means of a
Bunsen burner.

pies d o£ material. The thermometer e is placed in the top of the
cabinet and is connected to an automatically-operated electric
circuit f by means of which the temperature is kept constant.
In Fig. 19 is shown a Jackson turbidimeter. This instrument
consists of a metal support a, a metal container b for a graduated
glass tube c, and a standard candle d that is set beneath the glass
tube c. The tube should preferably be graduated in parts per
mill ion, but may be graduated in milliliters.
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c

(a)

Ftc. 17

40. Tests for hydrogen-ion concentration and for amounts
of chlorine in sewage are made by means of color comparators,
such as the LaMotte block comparator shown in Fig. 17 (a) and
( b) . The various standard colors are contained in tubes a
which are kept in the wooden block b shown in view (a). Whet~
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 ~ogeth~r, thus protecting the tubes against breakage.
In F1g. 18 ts shown an electrically-controlled incubator. The
outer shell consists of two layers of insulated sheeting a separated by an air space b. The t rays care arranged to hold sam-

F tc. IS

For heating samples to high temperatures, a muffle f urnace.
shown in Fig. 20, is most satisfactory. This furnace consists
of a heating unit a that is surroundt:d by an electrically-operated
heating coil and is mounted in a metal box b. A sliding door c'
prevents heat from escaping during operation, and a rheostat d
controls the"temperature of the heating unit.
A suction pump, which is used in certain filtering processes in
the laboratory, is shown in section in Fig. 21. The top end a
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is connected to the tip o£ an ordinary water faucet, and the pressure of the water causes a suction to be set up in the horizontal
arm b. This suction is used to help force the liquids through
filters into suction flasks.
EXPRESSION OF RESULTS IN ANALYSES

41. Determination of Parts per Million.-In nearly all t he
tests for sewage that are recommended in Standard Methods,
the materials are weighed and the results are expressed in parts
by weight of the material under consideration per 1,000,000 parts
a
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are st~n~ardized, and, in general, depend on the number of parts
per m1lhon that are found to be present. Only in the cases of
ammonia nitro~en, albuminoid nitrogen, and nitrate nitrogen
are the results Ill parts per million tabulated to three decimal
places; thus, the amount of nitrite nitrogen may be tabulated as
OA93. 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 0.48; for parts per million between 1 and 10,
only one decimal place is used, as 7.7; 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 143, or 210 rather than 208. \¥hen reports
are shown in tabulated form, there should be no attempt to add
ciphers 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 :
MATERIAL

PARTS PER MILLION

Total solids . ............. .-1-20
0>-')•gen consumtd . . . . . . . . . . 57
Organic nitrogen. . . . . . . . . . . 5.1
Nitrite nitrogen. . . . . . . . . . . . 0.116
Nitrate nitrogen. . . . . . . . . . . . 0.38
FIG. 19

F1c. 20

F1c. 21

of the original sewage. 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 sewage weighs 1
kilogram, which is the weight of a liter of pure water at 4° C.
If the presence of mineral salts or other matter contained in the
sewage causes 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 necessary to determine the exact specific
gravity of the sample at 4° C. and to divide the results obtained
in the tests by this specific gravity.
42. Accuracy of R esults.-The numbers of significant figures used in the tabulation of the results of the various analyses

PHYSICAL TESTS
USEFULNESS OF PHYSICAL TESTS

43. Information Furnished by Tests for Solids.- The
physical examinations used in sewage analyses relate primarily t o
the amount and kind of solids that are present in the sewage.
However, tests are also made for turbidity, odor, and color.
The results of the test for settleable solids are an indication of
the an1ount of solid material that can be removed by sedimentation in the treatment plant. The results of the test for suspended solids, when used in conjunction with the results of the
test for settleable solids. give the percentage of solids that can
be remO\·ed by settling and indicate the degree of treatment that
61()...-4
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"t · possible to obtain by sedimentation alone. Further physical
I IS
·
f
·
d
examinations are employed to show the proportion o orgamc an
inorganic material in both the settleable solids and the suspended
solids. By the use of these physical examinations of both the
raw sewage and the effiuent, considerable information may be
obtained with regard to the strength of the sewage, the requirements of the treatment devices, and the efficiency of the operation of the plant. Also, the results are used as an aid in selecting the proper basis for the design of a new planl

the sewage is put into a pipette, and exactly 100 milliliters are
permitted to flow from the pipette into the evaporating dish.
The dish is removed from the hot-water bath and placed over a
Bunsen burner. 'Vhen the moisture has been evaporated and the
residue appears to be dry, the outside of the dish is wiped carefully with a soft rag, in order to remove any foreign matter.
The dish and its contents are then placed in a drying oven and
allowed to dry for about 2! hours at a constant temperature of
103° C. At the end of the drying period, the dish is moved to
a desiccator, where it is permitted to cool, and then the dish and
its contents are weighed together.
All weights are recorded as they are determined. The weight
of the dry residue, or the difference between the weight of the dry
dish alone and the combined weight of the dry dish and the dry
residue, is generally assumed to be equivalent to the weight of
the total solids in the original sample. The amount of total
solids, in parts per million, is determined by dividing the weight
of the dry residue, in milligrams, by the weight of the original
sample, in milligrams, and multiplying the quotient by 1,000,000. In practical sewage analyses, the weight of the 100-rnilliliter sample is assumed to be 100,000 milligrams. Since 1,000,000
...;-100,000 is 10, the amount of total solids, in parts per million,
is 10 times the weight of the dry residue in milligrams. Also,
since 100 milliliters is equivalent to -fi liter, the number of parts
per million is obviously equal to the number of milligrams per
liter. " 'hen the specific gravity of the sample must be considered,
the result obtained in the manner just described must be divided
by the specific gravity of the sewage in order to obtain the correct
ratio.
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44. Information Furnished by Other Physical Tests.-Turbidity measurements show the relative clearness of th~ plant
effluent and are sometimes used as a measure of the degree of
satisfaction yielded by the treatment process. Odor tests indicate the type of odor a nd its intensity. The color of any sewage
is primarily dependent on the types of industrial wastes in the
sewage and on the age of the sewage. No quantitative analysis is made for the color, and the color is recorded only in a
descriptive manner.
TESTS FOR SOLIDS IN SEWAGE

45. Total Solids.- In the test for total solids, it is necessary
to use a drying oven, an evaporating dish, a desiccator, a pair
of crucible tongs, an analytical balance, a hot-water bath, and a
pipette. The evaporating dish is first cleaned and is then dried
by heating it over a Bunsen burner. After the dish has been
cleaned, it should be handled entirely by means of tongs. 'Vhile
the dish is still hot, it is placed in a desiccator, whtTe it is allowed
to cool. The desiccator prevents moisture from condensing on
the dish and therefore maintains the true dry weight of the dish.
The dry weight, which should be read to the nearest -(o milligram, is obtained by means of an analytical balance. Then a
piece of paper is placed on the tray in a hot-water bath, and the
dish is set on the paper. Next, the sample of sewage is thoroughly mixed, in order to assure complete uniformity of the contents. This mixing is accomplished preferably by alternately
turning the container upside down and right side up.
" 'hen the uniformity of the sample is satisfactory, some of
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EXAlli'LE.-The weight of a dry evaporating dish is found to be
38.6972 grams. A sample of 100 milliliters of sewage is placed in the
dish and the liquid is e\•aporated. The combined weight of the dish and
the solid material is found to be 38.7630 grams. What is tlfe amount
of total solids, in parts. per million, (a) if the original sample weighs I
kilogram per liter at 4" C., and (b) if it has a specific gravity of 1.008
at 4• C.?
SOLUTION.-(a) In this case, the weight of the solid material is
38.7630-38.6972=0.0658 g., or 65.8 mg . Then the required value is
65.8 X 10=658, say 660 p.p.m. Ans.

OPERATION OF SEWAGE-

44
(b) H

the difference in weight between the sewage and pure
. ere, ter than 0.3 per cent, and the value obtained in (a) must
water ts grea
·
·
1
be divided by the specific gravity of 1.008. Thus, the requtred resu t
is 658...:-1.008==653, say 650 p.p.m. Ans.

46. Volatile Solids.-The material retained on the dish in
the test for total solids is used in determining the volatile solids,
or the loss on ignition. The dish and the material are placed
in a muffle furnace, and tbe temperature is maintained at 600°
c. for from 10 to 15 minutes. If no muffle furnace is available,
the dish may be heated to a dull red heat over a special high-temperature burner, which is simila_r to a B~nsen burner. T_he ash,
or residue, in the dish is cooled m a desiccator, and the d1sh and
residue are weighed together. The loss on ignition is the difference between the combined weight of the dish and the tqtal
solids and the combined weight of the dish and the residue after
ignition. The resultant loss on ignition, in parts per million, is
10 times the weight of the ignited residue, in milligrams, except
where consideration must ·be given to the specific gravity of the
original sample.
EXAMPLE.-If the weight of the dish and the ignited residue from
the sample in part (a) of the example in the preceding article is
38.7307 grams, what is the Joss on ignition in parts per million?
SoLUTION.-Since the weight of the dish and the total solids was
38.7630 g., the total weight of the mater ial lost by ignition is 38.7630
-38.7307==0.0323 g., or 32.3 mg. This is equivalent to 32.3X l0=323,
say 320 p.p.m. Ans.

47. Fixed Solids.- It is assumed that the ash which
remains after the solids have been ignited consists of the fixed
solids. Therefore, the fixed solids are really a measure of the
quantity of mineral matter in the sewage. This quantity is used
as a guide in estimating the amount of sludge that will remain
after prolonged digestion of the sewage. The amount of fixed
solids, in pa1·ts per million, may be obtained by subtracting the
weight of the evaporating dish, in milligrams, from the combined weight of the dish and the ignited solid material, in millig rams, and multiplying Hre difference by 10; or the same result
may be obtained by subtracting the loss on ignition, in parts per
million, from the total solid~. in parts per million.
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EXA:\IPLE.-Determine the fixed solids for the sample of sewage considered in the example of the preceding article.
SoLt;Tiox.-In this case, the total solids are 660 p.p.m. and the loss
on ignition is 320 p.p.m. Therefore, the fixed solids are 660- 320
=3-lO p.p.m. Ans.

48. Errors in Detennination of Total, Volatile, and Fixed
Solids.-In the test for total solids, it is assumed that the total
amount of solid material in the original sewage is left in
the dish after evaporation. Likewise, in the test for volatile
solids, it is assumed that aU the organic solids are removed
during ignition and only the non-volatile mineral matter
remains. Actually, however, some volatile matter is lost
through evaporation, some organic matter is retained in
the residue after ignition, and some mineral substances are
consumed during the heating. The1·efore, the amount of solids
lost on ignition and the amount of organic material in the original
sewage are not exactly the same. Nevertheless, the tests for
total, volatile, and fixed solids are standard tests and are quite
essential in sewage analyses. The errors involved are relatively
small and are of importance only when very minute quantities
are to be recorded, as in special laboratory research work.
49. Suspended Solids.-The amount of suspended solids in
a sample of sewage is used as an indication of the strength of
the sewage. In the operation of a treatment plant, the test for
suspended solids is made on both the influent and the effluent, in
order to indicate the degree of removal of the suspended solids
or the efficiency of the plant. There are a number of different
methods for making the test for suspended solids, and the results
of the various methods differ considerably. Consequently, it is
difficult to make accurate comparisons of results unless the same
method is followed in each instance.
The method recommended in Sta.ndard ll1ethods is as follows :
1\Iedium-fiber asbestos is digested for 2 or 3 days with a solution of 1 part of concentrated hydrochloric acid and 3 parts of
water. The fiber is then washed clean, is digested for the same
length of time with a solution of 100 grams of sodium hydroxide per liter of water, and is again washed clean. Finally, it is
digested for several hours with nitric acid and is washed clean
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once more. A cream-like mixture of this fiber and distilled
water is placed in a Gooch crucible in the form of a mat from 2
to 3 millimeters thick. This is accomplished by means of a gentle suction action at the bottom of the crucible. The mat and the
inside of the crucible are washed with 100 milliliters of distilled
water, and the crucible and its contents are then dried at 103° C.,
cooled in a desiccator, and weighed.
A 100-milliliter portion of the sample of sewage, which has
been well mixed, is removed from the container and is filtered
through the prepared mat and the Gooch crucible with the aid
of suction. The filtering process may require several hours,
because the fine suspended matter tends to clog the filter. The
crucible and its contents are dried at 103° C. for 2! hours, are
cooled in a desiccator, and are again weighed. The suspended
solids, in parts per million, will be 10 times tbe difference, in
milligrams, between the two weights of the crucible and its contents. In no case should the sample yield more than 30 milligrams of suspended solids. Therefore, if the sewage contains a
large amount of solids, only SO milliliters of sewage are used
in the test. Then the result in parts per million will be 20 times
the difference in weight, in miiJigrams.
It may be desirable to test the suspended solids for the volatile and fixed solids in the manner described in Arts. 46 and 47.
In this case, the crucible and the asbestos mat must be ignited,
cooled, and weighed before tbe sewage is filtered to collect the
suspended solids.

51. Settleable Solids.-The settleable solids in a sample of
sewage may be determined by volume or by weight. In either
case, the sewage is permitted to settle in an Imhoff cone. Several
cones may be used if desired. A clean cone is essential for the
test, because dirt or a coating of grease on the inner wall of the
cone will tend to pre\Tent the st!ttleable material from sliding
freely toward the bottom. Therefore, after each test, the cone
should be scrubbed in hot water that is well supplied with soap
and grease solvents, and should then be rinsed in clean water.
In the determination of settleable solids by volume, the Imhoff
cone is placed in a vertical position, preferably in a rack, and is
filled with 1 liter of the sample of sewage, which must be well
mixed. \iVhen the sewage has been standing in the cone for 1t
hours, the sewage along the sides of the cone should be stirred
gently. This may be accomplished by means of a stirring rod or
by rotating the cone slowly about its vertical axis three or four
times, the rotation being first in one direction and then in t he
opposite direction. Then the sample is permitted to stand in the
cone for an additional ! hour. The volume, in milliliters, of the
solid material that is deposited may be read directly by means
of the graduations on the glass at the lower end of the cone. The
results are expressed as mmiliters per liter.
In some plants, the operators prefer to allow the sample of
sewage to settle for a period of time equivalent to the theoretical
detention period for tbe actual operation of the settling tanks in
the plant. However, during warm weather, a scum of sludge
may form on the surface of the sample and, consequently, the
allowable time for settling in the Imhoff cone may have to be
reduced to 1 hour.
Usually, about 90 per cent of the settleable material will be
deposited during the first half-hour, about 95 per cent during
the first hour, and nearly 100 per cent in 2 hours. \ Vhen a reading is made, it is desirable to note whether the deposited material
is dense or contains gaps or holes.

50. Dissolved Solids.-The dissolved solids in a sample of
sewage may be found by determining the difference between the
total solids and title suspended solids. H this method is used, it
is necessary to remove two portions of the sample of sewage at
the same time. One portion is used to determine the total
solids, as described in Art. 45, and the other portion is used in
the test for suspended solids. However, in the test for suspended solids, the filtrate, or the material that passes through
the filter-, may be retained in an evaporating dish; and then this
filtrate may be tested for total solids. The total solids in the
filtrate may be assumed to be the dissolved solids in the sample.

''

t
f
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52. When the settleable solids are to be determined by
weight, the settling process is carried out in the manner described
in the preceding article for volume determinations. Then, instead
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of recording the volume of solids, most of the supernatant
liquid is siphoned off and the settled solids are emptied from the
Imhoff cone into an evaporating dish. In order that all the
solid material \viii be transferred to the dish, distilled water is
used to wash the material from the sides of the cone. The liquid
remaining in the d ish is e,·aporated; and the solid residue is dried
at 103° C., cooled in a desiccator, and weighed. Since the original sample contained I liter, or 1,000 milliliters, the weight of
the dried solids, in milligrams, is equivalent to the settleable
solids content in parts per million. If greater accuracy ·is
desired, an adjustment may be made for the amount of dissolved
solids contain~d in the supernatant liquid that was not entirely
siphoned off but remained in the dish with the settleable solids.

allowed to stand for 30 minutes. Therefore, in actual plantcontrol work, the settling period is generally 30 minutes.
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54. Sludge Index.-The volume, in m illiliters, occupied by
1 gram of activated sludge that has settled for 30 minutes is
the sludge inde..x, abbreviated S.l. This may !Je determined in
eit~er of two ways : ( 1) By finding the per cent of suspended
sohds and the per cent of settleable solids in a 1,000-milliliter
1,000

800

4

3

SET TLEABILI TY !)F ACTI VATED SLUDGE

53. Test for Rate of Settling of Sludge.- In order to determine the desired detention period for the settling of activated
sludge, a 1,000-milliliter sample of the sludge is placed in a
graduated cylinder having a capacity of 1 liter. This sample is
allowed to stand for at least 1 hour, and the volume of settJed
sludge in the bottom of the cylinder is read at intervals, as at
the end of 10, 20, 30, 45, and 60 minutes. The rate of settling
can be clearly indicated by plotting a curve with the time as the
abscissa, or horizontal distance, and the corresponding volume of
sludge as the ordinate, or vertical distance.
In Fig. 22 is shown a chart of the settleability of a particular
sludge. In this case the volumes of sludge that have settled out
in 10, 20, 30, 45, and 60 minutes are 570, 685, 730, 760, and 770
milliliters, respectively. Points 1, 2, 3, 4, and 5 are plotted from
these data. Thus, point 1 is located on the vertical line that
represents a time of 10 minutes and at a height that represents
a sludge volume of 570 milliliters; and point 2 is located on the
vertical line for 20 minutes and at a height corresponding to 685
milliliters of settled sludge. The positions of the other three
points are established in a similar manner. Then a smooth curve
is drawn through the five plotted points.
'W ith most sludges, it will be found that the volume of settled
sludge does not increase very much after the sample has been
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sample of the sludge, and dividing the second per cent by the
first; (2) by finding the parts per million of suspended solids
and the milliliters of settleable solids in a 1.000-milliliter sample,
and taking 1,000 times the quotient obtained by dividing t he
milliliters of settleable solids by the parts per million of suspended solids.
OTHER PHYSICAL TESTS

55. Turbidity.-The effluent from a sewage-treatment
plant is seldom clear, but usually contains some finely-divided
organic matter, regardless of the type of treatment given to the

so
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sewage. In order to determine whether the treatment processes
are removing a sufficient amount of this suspended matter, the
effiuent is sometimes tested for turbidity, which is an indication of the clearness of the liquid. It should be noted on the
report wltether the test is made on settled or unsettled samples.
A Jackson turbidimeter, shown in Fig. 19, is the standard
device for making the turbidity test on sewage. The candle is
lighted beneath the graduated tube and a small portion of
the sample to be tested is poured into the tube. The image of
the flame may be seen by looking down through the tube and the
liquid. As the depth of the liquid in the tube is increased, the
image of the flame gradually becomes fainter. The liquid is then
poured into the tube very slowly. \¥hen the image of the flame
entirely disappears from view, the graduation on the tube at
the surface of the liquid should indicate the turbidity in parts
per million. However, if the tube containing the liquid effiuent
is not graduated in parts per million of turbidity, the depth of
the liquid in centimeters must be measured; and the corresponding turbidity value is obtained from a rating table, such as Table
II. If the operation of filling the tube has been performed carefully, the removal of 1 per cent of the liquid should make the
image of the flame again visible.
When the reading, in parts per million, is greater than 1,000
or when the reading, in centimeters, is less than 2.3, the sewage
should be diluted with distilled water. The required turbidity is
then computed by multiplying the turbidity of the diluted sample
by the ratio of dilution. For example, if the sample is diluted
with distilled water so that the total volume is equal to five times
the volume of the sample, and the turbidity of the diluted sample is found to be 400 parts per million, the turbidity of the original sample is 400X 5, or 2,000 parts per million.
The tube should be cleaned thoroughly before it is used, and
the observation should be made in a darkened room. During
the test, the flame of the candle must be kept a constant distance
below the glass and the size of the flame should be kept as nearly
constant as possible. The constant distance is maintained hy
keeping the candle pushed tightly against the top of the support,
and the constant size of flame is maintained by permitting the
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candle to remain lighted for only a short time, and by l.rimming
the wick each time the candle is extinguished.
56. Odor.-In some instances, it is desirable to make a test
for odor on the sewage effluent from the treatment plant. An
TABLE II
TURBIDITY EQUIVALENTS FOR VARIOUS DEPTHS OF LIQUID
DETERMINED BY JACKSON CANDLE TURBIDIMETER

j

I

:llax. Depth
of Liquid
Centimeters

Turbidity
Equivalent
Parts per
:llillion

2.3
2.6
2.9
3.2
3.5 3.8

1,000
900
800
700,
650
600

7.0
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

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

25.1
26.5
28.1
29.8
31.8
34.1

5.9
6.1
6.3
6.4
6.6
6.8

370
360
350
3-10
330
320

11.4
12.0
12.7
13.5
14.4
15.4

190
180
170
160
ISO
140

Max. Deptb
of Liquid
Centimeters

Turbidity
Equiva len
P:lrts per
Million

230
220
210
200

I

:llax. Depth
of Liquid
Centimeters

36.7
39.8
43.5
48.1
54.0
61.8
72.9

Turbidity
Equivalent
Parts per
Million

130
120
110

100
95
90

85
80
75
70
65
60
55

so
45
40
35
30
25

odor in the effiuent indicates the presence of organic materials
or undesirable chemical compounds. The test for odor requires
the use of .the sense of smell. No two individuals have the
same•sensitivity to odors, and the sense of smell is fatigued readily by exposure to odor. Therefore, considerable care must be
exercised to prevent outside conditions from affecting the sensitivity of the observer, and the work must be done quickly and
only for short periods of time.
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If the sewage has to be diluted in the test for odor, the water
used for dilution must be free from odor. This condition may
usually be obtained 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
through well-washed filter paper. All glass bottles or flasks
· ~) must have glass stoppers or be covered with inverted
a .
c
glass dishes or beakers, and must be thoroughly
cleaned.
Both cold odors and hot odors may be tested. In
the case of cold odor, the sample of sewage is brought
to a temperature of 20° C. and is shaken in a 250milliliter bottle which is not more than two-thirds
filled. Then the odor is tested by removing the
stopper and immediately sniffing at the mouth of the
bottle. I n the case of hot odor, about 200 miJiiliters
of the sample are placed in a 500-milliliter Erlenmeyer
flask. The flask is stoppered and then heated to
65° C. ; the heated sample is agitated by rotating the
flask ; and then the odor is tested at once in the same
manner as for the cold odor. In order to obtain comparable results in the odor tests, it is preferable to use
an instrument known as an osmoscope.

and 200 _milliliters
are ren1oved and p Jaced m
·
. . . of the mixture
a_nother .:>OO~m1lhhter Erlenmeyer flask. If necessary, this dilutJOn proc~s Is repeated several times, 200 milliliters of odor-free
w~ter bemg added to 200 ~ill_iliters of each previously-prepared
m1xture. T_he degree of dilution for each mixture is double that
of the prev_JOu~ one. T~us, the first addition of water gives a
degree of dilutiOn of 1 m 2; the second addition oives d
-1 ·
f ·
o·
a egree
0 f d I UtlOn 0 . 1 In 4; the third, a degree of 1 in 8; the fourth,
degree of 1 m 16; and so on. After the mi......tures have been
prepared, the test with the osmoscope is made on successive mixtur~s, the _flask containing the greatest dilution being tried first,
unbl one IS reached in which an odor is just detectable. This
slight odor is called the threshold odor.
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57. In Fig. 23 is shown a type of osmoscope that
can be made in the laboratory. This instrument consists of two glass tubes a, which are i inch in diameter
and 12 inches long. The tubes are held about -r"rr inch
F1c. 23
apart by a spacer b made of cork that is in turn held
in place by a band c of adhesive tape. The lower end of each
tube is plain and the upper end is beveled at an angle of 45°.
\Vhen the odor is to be tested by means of this instrument, the
sample of sewage is placed in a flask that is only partly filled,
the instrument is held in the flask so that the lower end is
slightly above the surface of the liquid, and not in it, and the
upper ends of the two tubes are inserted in the nostrils.
If an odor is detected in the original sample, 200 milliliters of
the sample are· mixed with 200 milliliters of odor-free water

'
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TABLE III
ODOR VALUES
Xumb~r _of Additions of \Yater to Produce
M1xture With Threshold Odor

No perceptible odor in undiluted sample
0
l
2

Odor Intcnsitv
Odor
or pO Value Concentntion

X one
0

0
1
2
4

4

I
2
3
4

8
16

5
6

5
6

32
64

3

The number of add itions of ,,·ater that produced the mixture with the threshold odor is known as the odor inteusity, or
PO_ value (the letters p and 0 are pronounced separately) . The
reciprocal of the degree of dilution for that mixture is known as
the odor couceutraliou. Values of the odor intensity and the
?dor concentration corresponding to various dilutions are given
m Table III.
The odor concentration indicates the volume to which the
sewage must be diluted in order to so reduce the odor that it will
be barely perceptible. If no odor is detected in the undiluted
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sample, the term absent should be used in referring to the odor
value. Sometimes, an odor is described by a term indicating
its character, as fishy, earthy, musty, medicinal, or a similar
term.
58. In another type o£ osmoscope, which is manufactured
and sold commercially, the procedure in the odor test is considerably simplified, as it is not usually necessary to dilute the original
sample of sewage. This osmoscope consists of hollow metal
tubes of different diameters, which slide inside each other like
the parts of a telescope. The pO values from 0 to 6 are indicated by graduations on the instrument. In making a test, the
instrument is first set at a pO value of 6 and is held in position in
the flask containing the sample o.f sewage while the observer
sniffs. If no odor is detected, the pO reading is changed successively to 5, 4, and lower values until the threshold odor is
reached. When odor is detected at a setting of 6, it is necessary
to dilute the sample and to make another test, and to allow for
the dilution in determining the intensity of the threshold odor.
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The
·
. . tests for chlorine demand' residual chlorine, and re1at1vc
stab1hty,
and
the
many
tests
for
OX)•gen
give
inforrnat·
.
..
•
1on concer~mg the cond1t1on of the sewage at the time that the test sample _1s removed and the progress, or lack of progress, in the oxida_b~n of the ~it_rogen and sulfur compounds. The degree of
~c1d1ty or alka~m1ty of the sewage is measured by the hydrogentat~ collce11/rai10n or, more commonly, by the pH value (the letters Pand Hare pronounced separately). An e..-..;:planation of the
meanings of these terms will be given later in this text.

60.

Strength of Solutions.-In the chemical tests for sew-

~ge, reference is made to normal solutions of acids and hydrox-

Ides. A normal solution is one in which the amount of the substance, in grams, dissolved in 1 liter of water is either equivalent
to, or one-half of, the molecular weight of the substance the
actual relation depending on the nature of the substance. 'The
abbreviation N is commonly used to indicate a normal solution.
A solution that is one-tenth as strong as a normal solution
is indicated by the notation N, or O.lN, and a solution that is

CHEMICAL EXAMINATIONS
USEFULNESS OF RESULTS OF CHEMICAL AJfALYSES

59. Types of Chemical Analyses.- The results of the various chemical analyses of sewage are used principally as indications of the strength of the sewage and the condition or stage that
the sewage has reached in the process of decomposition. Also,
some treatment processes are influenced by the acidity or alkalinity of the sewage.
The information concerning the strength of the sewage is
based primarily on the tests for nitrogen and its compounds, the
amount of oxygen consumed, and the amount of oxygen that
is required to produce a stable effluent. Among the various
tests for nitrogen, the test for determining organic nitrogen is by
far the most important in the control of a sewage-treatment
plant. Tests for ammonia nitrogen, albuminoid nitrogen, nitrite
nitrogen, and nitrate nitrogen provide information that is often
desirable for the records of plant operation but these tests are
otherwise not essential.

10

three times as strong as normal is indicated by 3 N.
AJfALYSES FOR NITROGEN

61. A~mo_nia Nitrogen.-The presence of a small quantity
of ammoma mtrogen in sewage is an indication of the freshness
of the sewage, and marks the first step in the process of decomposition. Therefore, fresh sewage must be used in the test for
ammonia nitrogen.
Before the test is begun, it is necessary to prepare and have
readily accessible the following chemicals, or 1·eage11ts:
About 1 gallon of water that must be entirely free from
ammonia.
A liter of copper-sulfate solution that consists of 100 grams
of copper sulfate ( C11SO... ) dissolved in ammonia-free distilled
water.
A liter of lead-acetate solution that consists of 100 grams of
lead-acetate ( PbC2 H 3 0 2 ) dissolved in ammonia-free distilled
water.
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A l1.ter of sodium-hydroxide solution that .consists of
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dium
hydroxide
(NaOH)
dissolved
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anunoruaree
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gramsof s
distilled water.
A liter of a saturated zinc-sulfate solution that consists of 542
grams of zinc sulfale (~nS0 4 ) dissolve_d in ~istilled water.
A Rochelle-salt solution, made by dtssol\'mg 500 grams of
chemically-pure (C.P.) Rochelle salt (KNaC~H4 0 6 ) in 1 liter
of water, boiling off 200 milliliters or enough to get rid of all
ammonia, cooling the residue, and again increasing the volume to
1 liter by the addition of ammonia-free distilled water.
A standard solution of ammonium chloride, made by diluting
10 milliliters of a stock solution to 1 liter with ammonia-free
distilled water. The stock solution of ammonium chloride contains 3.818 grams of ammonium chloride (NH.Cl) per liter.
Nessler reagent, prepared by dissolving 50 gram~ of pot~s
sium iodide (KI) in 35 milliliters of cold ammoma-free distilled water; adding a saturated solution of ~ercu_ric chlo~d_e
(HgC/1 ), made with ammonia-free water, unt1l a slight prectpltate occurs, about 420 milliliters being required; adding 400
milliliters of 9 N sodium-hydroxide solution, which contains
360.09 grams of sodium hydroxide per liter of ammonia-free
water; and diluting the mixture to 1 liter, allowing it to stand
for a few days so that it will clarify, and then decanting, or pouring off, the liquid, which is the required Nessler reagent. The
precipitated material is not used.
In many plants, it will be more satisfactory to make up the
various reagents in quantities of 100 milliliters rather than in
quantities of I liter, as even 100 milJiliters will last a long time.

is not clear, another san1ple should be tested in a si111 iJar
.
.
manner, but m the second tnal the sodium-hydroxide solution should
be added before the copper-sulfate solution. In case the sam 1
h · b ·
·
pe
t at 1s e1~g tested contam_s h?•drogen sulfide, it is necessary to
use a spec1al procedm·e wh1ch mvolvcs the substitution of either
1 milliliter of lead-acetate solution or 1 milliliter of zinc-sulfate
s?lution in-stead of the copper-sulfate solution. A certain portion (n_ot more than 5 milliliters) of the supernatant liquor is
placed 1n a Nessler tube with a capacity of SO milliliters and the
tube is filled to the 50-milliliter mark with ammonia-free water.
Then one or two drops of RocheJie-salt solution are added in
order t~ prevent cloudiness in the tubes. FinaJiy, the liquid is
Nesslenze? by adding 1 milliliter of the Nessler reagent, and
after 10 mmutes the Nesslerized liquid is compared with various
color standards in turn until one is found that has the same color
as the Nesslerized liquid.
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62. The procedure for making the test for ammonia nitrogen is as follows: First, e:'<actly 100 milliliters of the sample
of sewage are placed in a 120-milliliter bottle; 1 milliliter of
copper-sulfate solution is added; and the contents of the bottle
are mixed thoroughly. Then 1 milliliter of sodium-hydroxide
solution is added; the contents are ~aain mixed thoroughly; and
the solid materials are separated by centrifugal action, called
centrifuging, or the mixture is allowed to stand so that the settleable materials will fall to the bottom. If the supernatant liquor
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63. -!"- s~ries of temporary color standards may be prepared
by plactng m separate 50-milliliter Nessler tubes 0.2, 0.4, 0.7,
1.0, 1.4, 1.7, 2.0, and 2.5 milliliters of the standard ammoniumchloride solution; filling each tube to the SO-milliliter mark with
ammonia-free water; adding 1 milliliter of Nessler reagent to
the contents of each tube; and allowing 10 minutes for the formation of color. As each milliliter of the standard ammoniumchloride solution contains 0.01 milligram of nitrogen, the number of _milligra~s of nitrogen in each color standard is readily
determmed. It IS also possible to use permanent color standards
which are prepared as e.-..;:plained in Staudard Methods. Per~
manent color standards may be used for several months if protected from dust.
In each observation, a tube containing a color standard and
t~e tube contain!ng the Nesslerized sample are placed side by
Side above a white or mirrored surface in such a manner that
the light is reflected upward through the liquid in the tubes.
and the comparison is made by looking downward through the
tub~. The amount of an1monia nitrogen in the original sample, 111 parts per million, is obtained as follows: The number o f
milligrams of ammonia nitrogen in the tested sample, as indi610-5
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cated by the correct standard, is di,•ided by the total. nur~ber of
milliliters of liquid in the tested sample, and the quobent ts multiplied by 1,000.
64. Albuminoid Nitrogen.-The albuminoid nitrogen represents that part of the organic nitrogen in the_ se'."age th~t will
be liberated to yield ammonia when the ammonta ntt~ogen ~~ first
driven off by distillation and the sewage is then boded_ w1th an
alkaline solution of potassium pennanganate. The_ ratio of t~e
albuminoid nitrogen to the total nitrogen present m sewage 1s
quite variable because of the v~riation i~ the u~ea content of tl~e
sewage. Therefore, this test IS of relatively httle value and, m
most sewage plants, is no longer made. However, for_ the purpose
of comparison with past records, some plants contmue to conduct the test for albuminoid pitrogen.
The procedure for making the test for ~lbuminoid ~itro.gen is
given in Standard Metllods under Samtary Exammabon of
\Vater.
65. Nitrite Nitrogen.-As the decor.1position of sewage progresses, the ammonia nitrogen is rapi~ly tr~nsformed into
nitrites, which, in turn, are transformed mto mtrates. Therefore, the amount of nitrites in the sewage is a measure of the
extent to which the decomposition of the sewage has progressed
at the time that the sample is taken.
The following reagents are required for conducting the test
for nitrite nitrogen:
A solution of sulfanilic acid that consists of 8 grams of the
purest sulfanilic acid (C6 H,NS0 3 ) in 1 liter of 5N acetic acid
(CH3 COOH).
A solution of alpha-naphthylamine acetate (usually written
a-naphthylamine acetate) that consists of 5 grams of solid
a-napbthylamine (C10H 7 , NH~) dissolved in 1 liter of SN acetic acid,' the solution being filtered through washed absorbent
cotton.
A standard solution of sodium nitrite, made by diluting 100
milliliters of a stock solution of sodium nih;te to 1 liter and
diluting 50 milliliters of the diluted solution to 1 liter, sterilized
nitrite-free distilled water being used in each case, and then add-
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ing 1 milliliter of chloroform (CHCia). The stock solution of
sodium nitrite is made by using enough nitrite-free distilled
water to dissolve 1.1 grams of silver nitrite (AgN0 2 ), precipitating the sih·er with a solution of sodium chloride (NaCI),
and diluting the remaining sodium nitrite (NaN0 2 ) with
enough pure water to make 1 liter.
Aluminum hydroxide made by dissolving 125 grams of potassium alum [Al2K2(S04 )~] or ammonium alum [AI2 (NH~h
(S04).t) in 1 liter of distilled water, precipitating the aluminum
by the careful addition of ammonium hydroxide (NH.jOH),
washing the precipitate with distilled water, decanting, and
washing again until it is free from chloride, ammonia, and
nitrite.
The first step in the test consists in placing a definite amount
of the sample of sewage, usually from 0.1 to 10 milliliters, in a
standard Nessler tube and diluting it to 50 milliliters with water.
In order that the results of the test may not be misleading, the
sewage in the sample must be fresh. If necessary, the sample
may be decolorized with the solution of nitrite-free aluminum
hydroxide. The color standards that are used in the test may be
either temporary or permanent. A series of temporary standards may be prepared in separate SO-mill iliter Nessler tubes by
diluting to 50 milliliters with the nitrite-free water the following
amounts of the standard sodium-nitrite solution: 0.0, 0.1, 0.2,
0.4, 0.7, 1.0, 1.4, 1.7, 2.0, and 2.5 milliliters. Before the sample
is compared with the standards, 1 milliliter of the sui fanilicacid solution and 1 milliliter of the a-naphthylamine-acetate
solution are added to the sample and to each of the sodiumnitrite color standards. The miA'tures are stirred thoroughly and
are allowed to stand for at least 10 minutes, but for not more
than 30 minutes, and then the sample is compared with the
standards. The nitrogen equivalent, in parts per million, is
determined by dividing the nttmber of milliliters of sodium
nitrite contained in the proper color standard by the number of
milliliters of sewage in the test sample and multiplying the quotient by 0.5.
The temporary standards may be replaced by permanent
standards, which are made as described in Sta11dard }y[etltods.
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Such standards shou1d be checked once each month and stored
away from sunlight.

to another Nessler tube and is diluted to 50 milliliters with
ammonia-free water. This liquid is then Nesslerized, as in
the test for ammonia nitrogen, and a comparison is made with
the same color standards that are used in the test for ammonia
nitrogen. The sum of the parts per million of nitrate nitrogen
and the parts of nitrite nitrogen in the original sample is
obtained by dividing the number of milligrams of nitrogen
m t he correct color standard by the number of milliliters of
reduced . liquid in the Nesslerized sample and multiplying
the quotient by 500. The nitrate nitrogen is obtained by subt racting the previously determined amount of nitrite nitrogen
from the sum of the nitrate and nitrite nitrogen.
In some cases, the reduced liquid in the Nessler tube may
not _b e clea.r. Then, about 15 to 20 milliliters of that liquid are
clanfied w1th a few drops of copper-sulfate solution, which is
pre~red as described in the test for ammonia nitrogen. A
defimte volume ( 1 to 5 milliliters) of the clarified liquid is
Nesslerized and compared with the color standards. Also.
if the sewage has a very high nitrite content, it may be desirable
to eliminate the nitrites before reduction by proceeding as
described in detail in Standard Methods.
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66. Nitrate Nitrogen.-The final stage in the nitrification
of the organic matter in sewage is the formation of nitrates.
Therefore, the presence of nitrates to the exclusion of nitrites
indicates a condition of stability in the sewage. In order to
obtain the nitrate content of a sample, it is necessary to know
the nitrite content of a similar sample. Two methods for determining the nitrate nitrogen are described in Standard "lfetlwds,
namely, the reduction method and the phenoldisulfonic-acid
method. The reduction method is preferable, and only that
method is given here.
The reagent for the nitrate determination by t he reduction
method is a hydroxide solution that is made by dissolving 250
grams of either sodium hydroxide (NaOH) or potassium
hydroxide (KOH) of low nitrogen content in 1.25 liters of
distilled water, adding several strips of aluminum foil, allowing
the solution to remain overnight while hydrogen is evolved, and
then boiling until only 1 liter of solution remains. It is necessary to provide also several additional strips of pure alu~
nunum foil, each of which weighs about 0.5 gram and is about
10 centimeters long, 6 millimeters wide, and 0.33 millimeter
thick.
The procedure for conducting the test is as follows : First,
100 milliliters of the sample of sewage are placed in a casserole and 2 milliliters of the prepared hydroxide are added.
In order to remove the free ammonia, the treated sample is
boiled until only 20 milliliters remain. This concentrated
liquid is then rinsed, or washed, into a 50-milliliter Nessler
tube and the tube is filled to the 50-milliliter mark with ammonia-free water. One strip of a luminum foil is put into the
tube and a loosely-fitting stopper is placed in the end of the
tube to prevent the entrance of dust particJes. The tube and
its contents are maintained at a temperature of not less than
20° C. for at least 6 hours, and generally overnight, while
reduction takes place. A measured amount of the reduced
liquid, which may vary from 1 to 5 milliliters, is transferred
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67. Organic Nitrogen.-The strength, or co11ce11tration, of
sewage is determined by means of the test for organic nitrogen,
which indicates the amount of nitrogen that is contained in the
organic compounds in the sewage. The amount of organic nitrogen normally present in sewage depends on local conditions.
There should be about 15 parts per million in average sewage
and there ma.y be as much as 50 parts per million in strong sewage. This organic nitrogen is distinct and separate from the
ammonia nitrogen, the nitrite nitrogen, and the nitrate nitrogen
that may be present in the sewage. Also, since many of the odors
resulting from the decomposition of sewage arise from the breaking down of the nitrogenous compounds, the amount of organic
nitrogen indicates the potentialities that the sewage possesses for
causing nuisance. It is possible to obtain the amount of organic
nitrogen that is present in the sewage by first driving off the
ammonia nitrogen and then conducting a test to determine the
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reagents needed in the first method are as follows:

copper precipitate is formed. The formation of this precipitate indicates that the mixture is alkaline. The contents of the
flask are then distilled into a measured quantity (25 or more
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Concentrated sulfuric acid (H2S04 ) of high quality, which
is low in nitrogen content; and also

2~ sulfuric acid.

A sodium-hydroxide solution that contains 500 grams of
sodium hydroxide (NaOH) per liter; and also

N
20

.

sodium-

hydroxide solution.
Copper-sulfate solution containing 100 grams of copper sulfate (C11SO~) per liter.
Phosphate solution prepared by dissolving 14.3 grams of
monobasic potassium phosphate (KH 2 P0 4 ) and 90.15 grams of
dibasic potassium phosphate (K2 HP0 4 , 3H2 0) in ammoniaf ree distilled water and adding more water to make a total volume of 1 liter.
Methyl red.
68. T he procedure for conducting the test for organic nitrogen by first driving off the ammonia nitrogen is as fol_lo~':s: The
sample of sewage is mixed thoroughly, at least 100 mtlhhters of
the san1ple are placed in a 500-milliliter Kjeldahl flask, 25 milliliters of the phosphate solution are added, and the free ammonia is distilled off. To the remaining liquid are added 10 milliliters of the concentrated sulfuric acid and 1 milliliter of the
copper-sulfate solution. The mixture is boiled gently 11ntil it
becomes colorless or nearly colorless, and then the boiling is
continued for 20 or 30 minutes in order to break down the
organic compounds. After the boiling is stopped, the liquid
is permitted to cool. About 250 milliliters of ammonia-free
water are then added, and the contents of the flask are mixed
thoroughly.
The next step in the test is to add the sodium-hydroxide solution that contains 500 grams of chemical per liter until a blue
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mt"ll.li
1 ters ) of the N sulfuric acid to which has been added
20
three drops of methyl red. To neutralize the excess acid, the
N
sodium-hydroxide solution is added d rop by drop until the red
20
coloration disappears. The process of adding a liquid drop by
drop is known as titration.
N
The net amount of
sulfuric acid required to react with the
20
organic nitrogen in the sewage and reagents is found by subtracting the number of milliliters of N sodium-hydroxide solution
20
that was used in the titration from the total number of milliliters
N
of
acid that was used to receive the distillate from the Kjel20
dahl flask. The amount of organic nitrogen in the sewage and
reagents, in parts per million, is computed by dividing the net
N
amount of
sulfuric acid, in milliliters, by the number of milli20
liters of sewage that was used, and multiplying the result by
700.
In conjunction with the test for the organic nitrogen in the
sewage, another test is run on ammonia-free water, in order to
determine how much organic nitrogen is present in the reagents
used. Exactly the same procedure is followed in this blank
test as in the test on the sewage. The amount of organic nitrogen in the sewage is the d ifference between the results of the
test on the sewage and the test on the water.
If it is desired to test for the organic nitrogen by the second
method mentioned in Art. 67, the procedure is as follows: The
total amount of ammonia and organic nitrogen is determined by
applying the method just described for organic nitrogen, except
that the. phosphate solution is not added and the free ammonia is
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not distilled off before the concentrated sulfuric acid is introduced. Also, the amount of ammonia nitrogen is determined by
the method described in Art. 62. Then, the difference between
the two amounts of nitrogen thus determined is taken as the
required amount of organic nitrogen.

to digest this mixture for 30 minutes in boiling water. The
next step is to add 10 milliliters of the ammonium-oxalate solution, and to titrate with the standard potassium-permanganate
solution until a pink color appears. Then, another 10 milliliters
of the oxalate solution arc added and the process of titrating
with the potassium-permanganate solution is repeated. If the
amount of permanganate required is not exactly 10 milliliters,
the permanganate solution is adjusted so that exactly 10 milliliters will be needed. The standard pennanganate solution
should be preserved in a dark-glass bottle.
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ANALYSES FOR OXYGEN

69. Oxygen Consumed.-During the process of oxidation
of the organic materials in the sewage, oxygen is consumed or
absorbed. Tests for the amount of oxygen that is thus consumed are made on raw sewage, sewage effluent, and industrial
wastes. These tests afford a rapid means of determining
roughly the changes that take place in the sewage, and the
results furnish information that enables the operator to check
the effectiveness of the treatment processes and to make suitable adjustments in the operation of the plant when necessary.
In the case of raw sewage, the amount of oxygen consumed will
vary with the amount of ground water that seeps into the sewers; and, in the case of the effluent, it will vary with the effectiveness of the treatment processes.
There are several procedures for making the test for oxygen
consumed, and the different methods are likely to give different
results. The procedure given here is the one that is generally
followed in the United States and is recommended in Sta11dard
Methods. Bottles of the following materials should be on hand:
Dilute sulfuric acid, made by diluting 1 volume of chemicallypure sulfuric acid (H2SO~) in 3 volumes of distilled water.
Ammonium-oxalate solution, made by dissolving 0.8880 gram
of chemically-pure ammonium oxalate [ (COONHah, H20] in
1 liter of distilled water. This solution is not stable and should
be prepared new at least once each month.
A standard potassium-permanganate solution, made by dissolving 0.4 gram of chemically-pure potassium permanganate
(KMn04 ) in 1 liter of distilled water. It is necessary to test the
strength of this standard solution in the following manner: The
first step in the test is to add 10 milliliters of the potassium-permanganate solution and 10 milliliters of the dillute sulfuric acid
to 100 milliliters of distilled water in an Erlenmeyer flask, and
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70. The test for oxygen consumed by sewage is made as
follows: Since the organic content of raw sewage is high, the
first step in a test on raw sewage is to dilute from 1 to 10
milliliters of the sample to 100 milliliters with distilled water.
For sewage effluent, 25 to SO mmiliters of the sample should be
diluted to 100 milliliters. The diluted sample is placed in an
Erlenmeyer flask and is treated with 10 mmiliters of the dilute
sulfuric acid.
Nitrites, ferrous (iron) salts, sulfides, and other oxidizable
substances in the sewage use up pennangante, and allowance
for this reduction of permanganate must be made both in determining the final results and in making the test. The quantity
of permanganate required for this reduction is determined
by titrating the cold acidified sample with the permanganate until
a faint pink color persists for at least 3 minutes. The number o£
milliliters of permanganate required for the titration is recorded.
According to Staudard Methods, the volume of the original
sample must, in every case, be small enough to require not more
than 5 milliliters of permanganate for this purpose. If the size of
the original sample is satisfactory, the amount of potassium permanganate in the flask should be increased to exactly 10 milliliters. If the size of the sample is too large, the test must be
started again with a smaller sample. The mixture of the sample of sewage, the sulfuric acid, and the 10 milliliters of permanganate will have a purple color.
. The next step is to mix: thoroughly the ingredients in the
flask and to place the flask in a bath of boiling water, where the
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materials are permitted to digest for exactly 30 minutes. All of
the liquid in the flask must be below the water line in the bath.
The flask is then removed from the bath, and 10 milliliters of the
ammonium-oxalate solution are added. This will decolorize the
mixture. Finally, the liquid is titrated with the standard solution of potassium permanganate until a faint but quite distinct
pink c?lor is noted. The number of milliliters of permanganate
that is required for the titration is recorded.
At the same time, a blank san1ple made up of 100 milliliters of
distilled water, 10 milliliters of the sulfuric acid, and 10 milliliters of the permanganate is digested for 30 minutes in a bath
of boiling water; the color is removed by the addition of oxalate;
and the blank is titrated with permanganate until a pink color
appears. A record is made of the amount of permanganate used
in this titration.
The oxygen consumed, in parts per million, is computed as follows : From the number of milliliters of permanganate required
to titrate the digested sample of sewage are subtracted the sum
of the number of milliliters of permanganate required to titrate
the cold acidified sample and the number required to titrate the
blank sample. The difference, which is the net volume of permanganate that indicates the oxygen consumed, is tllen divided
by the number of milliliters of sewage in the original sample,
and the quotient is multiplied by 100.
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The results of the test for dissolved oxygen are affected b
the presence of nitrites, ferrous salts, sulfites, and hypochlorit~
in the sewage, and allowance must be made for the effects of
these interfering substances. For samples that are free from
sulfites and hypochlorites and contain less than 0.1 part per mil-

Fie. Z4

71. Dissolved Oxygen.-The amount of dissolved oxygen
in sewage is a measure of the amount of oxygen still present in
the sewage and, therefore, is an indication of the freshness of the
sewage. Generally, however, the test for dissolved oxygen is
made to determine the amount of oxygen contained in either
the t_reatment-plant effluent or the stream or lake near the point
?f d1scharge of the effluent. The presence of dissolved oxygen
m the plant effluent or in the stream immediately below the point
of discharge from the plant is an indication that there is little
danger of nuisance from odors or decomposition. This test is
also necessary as a preliminary step in the test for biochemical
oxygen demand.

lion of nitrite nitrogen, the W inkier m ethod of testing is followed; for samples that contain more than 0.1 part per million
of nitrite nitrogen, t he permauganate, or Ridenl-Stewart, modification is used; and for samples that contain sulfites, hypochlorites, or similar substances, the alkalinc-lrypochlorite modification
is used.
72. Collection of Samples for Dissolved-Oxygen T~st-It
is important to collect the sample for the dissolved-oxygen test
in such a manner that there will be no absorption of atmospheric
O>-)'gen and no entrapping of air bubbles during the collecting
process. In Fig. 24 is shown a type of apparatus recommended
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in Staudard Methods for obtaining samples for this test from a
tank of moderate depth. The container a and the removable
cover bare made of brass. A brass shelf c with two cylindrical
pedestals d supports the sample bottles e, each of which should
have a capacity of at least 250 milliliters. Two copper tubes f
extend from the cover down in~o the bottles, and a third copper
tube g extends from the cover upward; the tube g is of such
length that its top will be above the surface of the sewage in
every case. A thermometer h is placed in the container, and t he
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 the clamps j.
Some sort of bail, or handle, must be attached to the container
for lowering and raising the bottles through the sewage. \i\fhen
the apparatus is immersed, the sewage flows into the bottles
through the tubes f and air is forced out of the container a
through the tube g. Thus, the bottles are filled from the bottom and no air bubbles remain in the full bottles. \Vhen the
bottles are filled, the container is lifted out of the sewage, tl1e
cover is removed, and the bottles are corked with glass stoppers.
\Vhere it is desirable to lower the container to a considerable
depth before obtaining the sample sewage, some kind of valve
control may be necessary to prevent sewage from entering as
soon as the container is submerged.

73. Reagents for Dissolved-Oxygen Tests.-Regardless of
which of the three permissible methods is used for determining
the amount of dissolved oxygen in the raw sewage or the effluent, it is necessary to have the following reagents:
A manganous-sulfate solution which may be prepared by
dissolving 480 grams of manganous sulfate (1lfuS0 4 , 4H2 0) in
distilled water, filtering, and adding distilled water to make I liter.
An alkaline-iodide solution containing either 500 grams of
sodium hydroxide (NaOH) and 135 grams of sodium iodide
(Nal) or 700 grams of potassium hydroxide (KOH) and 150
grams of potassium iodide (K/) per liter.
A concentrated solution of sulfuric acid (H~S0 4 ), which has
a strength o f about 36 N.
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solution of sodium thiosulfate, which may be

prepared by dissolving 6.205 grams of sodium thiosulf t
(Na2S203,5H:O) in enough freshly-boiled distilled water at~
make 1 liter. This solution may be preserved by the addition of
5 milliliters of chloroform, but it should be made up fresh every
few weeks.
A starch solution, which is obtained by grinding 5 or 6 grams
?f potato star~h and a small quantity of water in a mortar, pourm?" the resultJ~g paste into a liter of boiling water, stirring the
mtxture, allowmg it to stand o \·ernight, and using the dear
supernatant liquid. This solution may be presen·ed by adding
1.25 milligrams of salicylic acid (HO,C6 H 4 COOH) to each liter.
The following additional reagents are required for the RidealStewart modification of the \\"inkier method:
A solution of potassium pennanganale, which contains 6.32
grams of potassium permanganate (KJlln0 4 ) per liter.
An O:'o.-alate solution, which consists of 2 grams of potassium
oxalate [ ( COOKh,H20] dissohred in 100 milliliters of distilled
water. Instead of the potassium oxalate. a solution consisting
of 1.4 grams of oxalic acid [(COOH)2,2H2 0] in 100 milliliters
of distilled water may be used.
\\' hen iron salts are present, it is necessary to have also a soluti?n consi~ting of 40 grams of potassium fluoride (KF,2H2 0)
dtssolved m enough water to make 100 milliliters, and a bottle of
85 per cent phosphoric acid ( H 3 PO•).
If the alkaline-hypochlorite modification of the \\' inkier
method is used, the following special reagents are required:
An alkaline-hypochlorite solution. ,,·hich may be obtained by
adding 1 volume of IN sodium hydroxide (1\'aOH) to 9 Yohunes
of high-test hypochlorite [Ca(OC/)2), allowing the precipitated
calcium hydroxide [Ca (OH)2] to settle, and then using the
supernatant liquid. This solution should be kept in tightlystoppered 250-milliliter bottles, and should be made up fresh
every few weeks. High-test hypochlorite is sold commercially
under trade names, as H. T .H. and Pcrcllloron.
An iodide solution, which is made by dissolving either 17
grams of potassium iodide (Kl) or 15 grams of sodium iodide
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gh distilled water to make 100 milliliters. The
of lN sodium hydroxide to each 100
.
.
milliliters of the solution will prevent detenoratJon.

remains at the end of this period, the test mar be continued; but,
if the violet color either does not appear or disappears while the
bottle is standing, another milliliter of potassium permanganate
is added, the bottle is stoppered, the ingredients are mixed, and
the sample is allowed to stand as before. In case more than 5
milliliters of pennanganate are required, a stronger solution of
pennanganate should be used.
The next step is to add 0.5 milliliter of the potassium-oxalate
solution and to mi.x the ingredients of the bottle. If the color of
the permanganate persists after the sample has been allowed to
stand for 5 minutes, another 0.5 milliliter of oxalate is added.
All permanganate color must be removed, as even a slight brownish color will indicate enough excess pennanganate to react with
the iodides and giye results that are too high. Also, if iron salts
are present, 2 milliliters of the potassium fluoride should be
added to the sample along with the permanganate; otherwise, it
may take 24 hours for decolorization in the presence of iron salts.
In case the amount of iron salts in the sample exceeds 1 part per
million, the decolorization must be allowed to take place in the
dark, since sunlight rapidly reduces ferric salts to the ferrous
condition in the presence of oxalates. Vlhen the permanganate
color has disappeared, at least 1 milliliter of the manganoussui fate solution and 3 milliliters of the alkaline-iodide solution
are added.
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111
(Ad'~l_)
efnolun1 itliliter
ad 1t10n o

A N soluti~n of sodium sulfite, which contains 6.3 grams of
10
sodium sulfite (Na-2S0 3 ) per liter.
.
A solution of potassiur.1 hi-iodate, which is eqmvalent to the

N sodium-thiosulfate solution and is prepared by dissolving

~8124

gram of potassium hi-iodate (Kl03,HI03) in enough
distilled water to make 1 liter.
\Vith the exception of the sulfuric acid, all the reagents used
· the test for dissolved oxygen must be inserted in the test
~:mple by means of a pipette that is lowered into the liquid in
the bottle. All the reagents are then introduced beneath the
surface of the sample, and loss of precipitate on replacing the
stopper is prevented. In this test 250 milliliters of th_e .s~mple are
put into a bottle having a capacity of only 2~0 mllhhte~s and,
therefore, some of the sample may be lost by overflow dunng the
test, but the amount thus lost is not important.

74. Preliminary Procedures in Tests for Dissolved Oxygen.
In the Winkler method of testing for dissolved oxygen, the preliminary procedure consists in adding 1 milliliter ?f t?e ~angan
ous-sulfate solution and 1 milliliter of the alkalme-10d1de solution to 250 milliliters of the sample of sewage in a 250-milliliter
bottle.
When the Rideal-Stewart modification is used, the preliminary
part of the test for dissolved oxygen must be made in the following manner as soon as the sample has been removed from the
treatment tank or the stream. The stopper is removed from
the bottle containing 250 milliliters of the sample, and first 0.7
milliliter of the 36 N sulfuric acid and then 1 milliliter of the
potassium-permanganate solution are added. Care ~ust _be taken
not to add more than the specified amount of sulfunc actd. The
stopper is replaced, and the bottle is inverted so as t? mix the
ingredients. If a violet tinge is obtained, the bottle ts allowed
to stand for at least 5 minutes. If the permanganate color
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75. If the sewage contains polythionates, which are salts of
sui fur compounds carried by paper-mill wastes. it is necessary to
use the following procedure for the preliminary work in the
test for dissolved oxygen. As soon as possible after the sample
has been procured, a 250-milliliter bottle is filled with the sample
and enough alkaline-hypochlorite solution is added to oxidize the
sewage. It is not possible to determine in advance the exact
amount of the alkaline-hypochlorite solution that will be required.
For polluted river water containing sulfites. it is generally satisfactory to try 0.2 miJiiliter of solution to 250 milliliters of sample. If the sample of sewage contains digester waste from a paper
mill, it is advisable to try 1 milliliter of the hypochlorite solution
for each milliliter of digester waste in the sample. Thus, where
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the sewage contains about 0.3 per cent, by Yolume, of digester
waste. the trial dosage of hypochlorite solution for the 250-milliliter sample would be 250x0.003=0.75 milliliter.
The sample and the hypochlorit~ solution are mixed thoroughly by tuming the bottle alternately upside down and right
side up several times very rapidly. In order to prevent the
absorption of dissolved oxygen, the mixing process should not
be continued for more than about 20 seconds. At the end of
this mixing process, 1 milliliter of 3.6 N sulfuric-acid solution,
which is obtained by diluting 1 part of the 36 N solution with 9
parts of water, should immediately be added to the sample. In
the case of a sample that contains free chlorine or hypochlorites
but does not contain polythionates, the test for dissolved oxygen
may be begun with the addition of sulfuric acid.
The ne."t step is to release iodine by adding to the acidified
sample 1 milliliter of the potassium-iodide or sodium-iodide solution and shaking the bottle. Then, 0.2 milliliter of the starch
solution is put into the mixture; this will give the mixture a
blue color. Enough of the

~ sodi~n-sulfite

solution is added

to neutralize the free iodine. The neutralization point is
reached when the blue color is barely discernible. If too much
sulfite is added, the blue color will disappear. In this event, the
solution of potassium hi-iodate should be added, 0.1 milliliter at
a time, until the blue color returns. In case only 0.1 milliliter of

N sodium-sulfite solution is required to neutralize the iodine,
10

it may be assumed that the amount of alkaline hypochlorite
used for the oxidation process was insufficient. On the other
hand, if more than 3 milliliters of the sulfite solution are necessary, the resulting value of the dissolved-o>..-ygen content will
be slightly lower than the correct amount.
The final step in the preliminary preparation of the sample
consists in adding to the neutralized sample 1 milliliter of manganous-sulfate solution and 1.3 milliliters of alkaline-iodide solution. A small amount of this alkaline-iodide solution serves to
neutralize the sui Euric acid in the mixture.
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76.. Final Steps i~ Test for Dissolved Oxygen.-The final

ste~s 111 the test £or dtssolved oxygen are the same, regardless of

whtch one of the three preliminary procedures is used. Aft
addition of the manganous-sulfate and alkaline-iodide sol~~
~ons, the contents of the bottle are mixed thoroughly by invertmg. the bottle several times, and the bottle is permitted to stand
whtle the precipitate that is formed in the sample settles to the
bottom. The mixture is then acidified by the addition of 1
milliliter of 36 N sulfuric acid, which is allowed to run down the
inner surface of the neck of the bottle, and the contents of
the bottle are mixed as before.
The remainder of the test may be carried out immediately or
desired, it may be delayed for several hours. The procedur;
m. these last steps is as follows: A quantity of liquid that contams a convenient volume o[ the original sample is transferred
from the bottle to an Erlenmeyer flask, great care being required
to prevent any agitation of the liquid. It is recommended in
Standard Methods that 200 milliliters of the original sample be
used, but a smaller or larger volume may be taken if found more
convenient. In the following explanations~ it is assumed that
200 mi~liliters are used. I£ a different amount is used, the procedure IS the same, but different amounts of the \ Vinlder reagents
are added and different values are used in the various calculations.
.As the liquid that is transferred to the Erlenmeyer flask is a
llllxture of the original sample and reagents, allowance must be
made ~o~ .the volume of the reagents. In order to use exactly
200 mtllthters of the original sample, the total quantity to be

t~1e

!f

. the 'xr·
. 200x250 =201.6 millit ransferred m
"' m kler met hod ts
250-2
liters. The quantity in the Rideal-Stewart modification is
200x250
250 _ 5.7 204.7 milliliters. In the alkaline-hypochlorite modi.
h
. . 200x250
. ficat ton, t e quantity ts
in which x is the sum of the

250-x

number of milliliters of alkaline-hypochlorite solution required
to oxidize the sewage, the number of milliliters of sodium-sul6to-6
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fite solutton
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..
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f the flask are titrated wiili enough of the 40
The contents o
. .
.
olution to change the color of the ltqmd to
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llow or pale straw.
I t
hg t ye
,
d.
der to change the color of the samp e ~
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s Any recoloration shou
e ISh bl e color first tsappear .
t e u
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f the sample that is titrated contains 200
regarded, once l
When the vo um~ ~ 1 mple the amount of dissolved oxy,. alent to the number of mt'11'1rot·u·l·t
t t ers of the ongma
. . sa
.
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1
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.
ut'red to stabilize the decomposable
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.
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. .
a e The exact amount of oxygen, m
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arts per million, that ts necessary
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·s
known
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t
c0 mplete stab'l'
t tzat"ton of most sewage reqmres a on.
sewage.
It is not practicable to watt
.
b bl}' 3 mont11s or more.
ttme, pro a
f
It of routine tests and, therefore,
time or resu s
.
h
1
sue a ol~~etlwds recommends obtaining the bioche~tcal ?xygen
Standard
d f 5 da s ( 120 hours) • during whtch ttme the
demand at the en o
y
f zoo C Under
.
. n incubator at a temperature o
.
sample ts keptd~n. a
bout 68 per cent of the oxidizable organic
Th
esence
favorable con thons, a
'II undergo decomposition in such a test.
e pr
.
hi
.
·
matter w1
. "d I bstance such as free c OI me or causttc .
of any bactenct a su
,
.
• f decom sialkali will hinder the bacterial actton necessaT}_ or
po d
tion. , Hence, all such material must be neutralized or re~ove
from the sample, and 1 milliliter of st~le sewage per hter ~f
sample must be placed in the sample m order to restore t e
required sewage organisms.
and waters that are
Ordinarily ' raw sewage, sewage effluent,
·
d"
highly polluted do not contain suffictent tsso1ved oxygen to

bring about complete stabilization. Consequently, in order to
make a test for the biochemical o>--ygen demand, it is necessary to
add to the sample a quantity of water that has been saturated
with dissolved oxygen. For this purpose, it is necessary to use
a clilution water that is distilled and thoroughly aerated. This
water should be pennitted to stand for 10 days to 2 weeks in
order to permit complete stabilization to take place. Before the
water is used for diluting samples, it is treated with chemicallypure sodium bicarbonate in the proportion of 0.3 gram to a liter,
or about 6 grams to 5 gallons. To facilitate the removal of water
from the dilution bottle without also admitting air bubbles, the
bottle should be equipped with a siphon.
In order to obtain the most accurate results, the depletion in
the dissolved oxygen of the diluted sample during the incubation
period should be between 40 and 70 per cent. The operator of
a plant usually knows how much sewage (either raw sewage or
effluent) should be used to make a liter of diluted sample that
will give reliable results. \\' here there is doubt concerning the
required dilution, it is customary to prepare two or more diluted
samples with different per cents of the sewage. The following
limiting values of per cents of sewage in the diluted samples are
generally satisfactory; between 0.1 and 1.0 for strong industrial
wastes, between 1 and 5 for normal or settled sewage, between
5 and 25 for oxidized effluent, and between 25 and 100 for water
into which effluent from a sewage-treatment plant has been discharged.
78. Since the dissolved-oxygen test is required in conjunction with the test for biochemical oxygen demand, all the apparatus and reagents required in the former test are also needed in
the latter test. For the B.O.D. test, it is necessary to have. in
addition, a !-liter flask or graduated cylinder and several 250milliliter bottles, and it is desirable to have an air incubator or a
water bath which can be maintained at a temperature that will
not differ from 20° C. by more than 1°. The bottles that are to
be used in the test are thoroughly cleaned with chromic-acid
mixture, are rinsed carefully, and are allowed to dry. Each bottle should be marked with its exact volume.
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The dilution of the liquid to be tested should preferably be
accomplished by first filling a 1-liter flask about half way with
the diluting water, adding the desired amount of the original
liquid, and then filling the flask to the 1-Iit~r mark '~it~ th.e
water. The diluted sample should be well mtxed hy strrnng 1t
with a rod, but care should be taken to avoid any aeration of the
sample during the mixing.
Immediately after a sample has been diluted, and before any
sewage has settled to the bottom of the flask, two of the 250milliliter bottles are filled with the diluted sample by siphoning.
The contents of one bottle are immediately tested for dissolved
oxygen. The other bottle is stoppered tightly and is immersed
in a water bath, or placed in an incubator, where it is kept at a
temperature of 20° C. for 5 days. It is essential that no air enter
the bottle during the incubation period, and therefore a water
seal is commonly provided on the top of the bottle. This seal may
be made by placing a rubber collar around the neck of the bottle
in such a manner that a cup is formed wi.t h the stopper of the
bottle in the center of the bottom of the cup, and by pouring
some of the diluted sample in the cup so as to cover the stopper.
At the end of the 5 days' incubation, the bottle is removed from
the bath or incubator and the contents are tested for dissolved
oxygen.

diluted sewage. The sample of dilution wate th t ·
.
b t d f 5d
·
r a I S to be tncu~e
or
ays IS sealed by filling the cup around th t
With some of the dilution water.
e s opper
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79. When the B. 0. D. of the dilution water is negligible,
as is usually the case, the required 5-day B.O.D. of the original
sample, in parts per million, may be calculated as follows : First,
the amount of dissolved oxygen in the incubated sample, in parts
per million, is subtracted from the amount of dissolved oxygen
in the freshly-diluted sample, in parts per million. This difference
is then divided by the proportion of original sample in the
diluted sample, expressed as a decimal.
For very accurate determinations of the B.O.D. of sewage, it
is necessary to consider the effect of the B.O.D. of the dilution
water. In such cases, two 250-milliliter bottles a re filled with the
dilution v:ater at the time the other bottles are filled with the
diluted sewage, and tests for dissolved oxygen are made on these
samples of water in the manner described for the two bottles of
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.T.he required 5-day B.O.D. of the original sample, in parts per
mJI!ton, may then be calculated as follows· First the rt"ff
be
·
·
•
1 erence
tween the dJssoh·ed O:A'}'gen, in parts per million in th
·
b t d d.l .
'
e unmcu a e
1 uhon water and in the incubated dilution , t
·
uJ . )"
.
\\a er IS
m tJ? 1ed by the proportJon of the dilution water contained in
t~e diluted sample~ and this product is added to the amount of
d1ssolved oxygen, tn parts per million, in the incubated diluted
sample. Then,. the sum is subtracted from the amount of dissolved ~xygen, ~~ pa~ts per million, in the freshly-diluted sampi~.. Fmally, tl!ts d1fference is divided by the proportion of
ongmal sample 10 the diluted sample.
. EXAMPLE.-ln the B.O.D. tests on the effluent from a primary setthng. tank at a sewage-treatment plant, satisfactory results have been
obtamed_when the per cent of effluent in the diluted sample is between
1. and 2.:>. A care.ful test ~or the B.O.D. was made on 1 liter of the
d1luted sample, wh1ch contamed .20 milliliters of the effluent Tl
.t
·11·
·
.
·
1e par s
per m1 10n of d•ssoh·ed oxygen m the various liquids used in the test
were found to be as follows · In the unincubated dil f
t
92
in th ·
b d d.J ·
·
u 1on wa er, . ;
1 utton _water a_fter 5 days, 9; in the freshly-diluted
e mcu a 1e
sampl: of effluent, 8.3; m the mcubated sample of diluted effluent
after:> days, 3.1. What is the 5-day B.O.D. of the effluent?
SOLUTION.-The proportion of the dilution water in tJ1e diluted sam-

1 000-20

pie is ' 1,000

0.98, and the difference between the p.p.m. of dissolved

o~yge~ in the unincubated dilution water and in the incubated dilution
''ater 1s 92-9=02. The product of the two is 0.98X0.2=020
The
f tl ·
d
- p.p.m.
. sum o 11s. pro uct and the p.p.m. in the incubated sample of the
d1luted effluent 1s
3.1 +0.2=3.3 p.p.m.
!he difference ~etween this amount and the p.p.m. of dissoh·ed ox'"gen
111 the freshly -d1luted sample is
·
8.3-3.3=5.0 p.p.m.
Then, the 5-day B.O.D. of the original efiluent, in parts per million,
5.0-:-{).02=2.50. Ans.

IS

80. For oxidized effluents, that is, effluents from activatedsludge plants, filters, or other aerating processes, it is also necessary to determine the diss~lved OA.'}'gen in the undiluted effluent,
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in order to obtain satisfactory results i~ the B.O.D. determina.
" II the determinations made m the accurate method
..
t JOn. a
. lained in the preceding article must also be made on oxtdtzed
cxp
·
· the f resh d"l1 utton
·
effluents.
However, the dtssolved
oxygen m
water is found only for the purpose of checking the quality of
the water. It is not used in the determination of the required
B.O.D. of the effluent, which is calculated by proceeding as fol-

P_le o_f effiuen! is 2 p.p.m., the total dissolved oxygen available for de lehon m the d• luted sample is
P
0.82x8.9+0.18X2=7.7 p.p.m.
T~e amount of d!ssolved oxygen remaining in the incubated sample
of d1luted e.flluent •s 3.2 p.p.m., and the amount of dissolved oxygen
used up by the effluent during the incubation period is
7.7-3.2=4.5 p.p.m.
H ence, the 5-day B.O.D. of the effluent, in parts per million, is
4.5+0.18=25. Ans.
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lows:
The proportion of dilution water in the diluted sample,
expressed as a decimal, is mu_ltiplied_by the number of pa~ts ~r
million of dissolved oxygen m the mcubated sample of dtlutton
water; the proportion of original undiluted sample in the diluted
sample, expressed as a decimal, is multiplied by the number of
parts per million of dissolved oxygen in the ~riginal undiluted
sample ; and the two products _are added. T~ts sum rep~s~nts
the total dissolved oxygen avatlable for depletion by the ongmal
sample. Then, the dissolved oxygen in the diluted sample after
incubation is subtracted from the total aYailable dissolved oxygen just found, and the difference is divided by the proportion
of original sample in the diluted sample.
In some plants the tests are made on undiluted samples of the
final effluent. Where the sample is undiluted, the B.O.D. is equal
to the difference between the dissoh·ed oxygen in the sample
before incubation and the dissolved OA-ygen in the sample after
incubation.
ExAMPLE.-In making the tests for B.O.D. on the trickling-filter effluent at a certain sewage-treatment plant, it has been found that satisfactory results are obtained when the per cent of the effluent in the
diluted sample is between 15 and 20. In a particular test for the B.O.D.
oi the efHucnt from the .filter, l liter of the diluted sample contained
180 milliliters of the effluent. The parts per million of dissolved oxygen in the various liquids were found to be as follows: In the original
sample of effluent, 2; in the incubated sample of dilution water after
5 days, 8.9: in the incubated sample of diluted effluent after 5 days, 3.2.
What is the 5-day B.O.D. of the e.flluent?
SoLUTIO~.-In the diluted sample, the proportion of the original sample of effluent is 180-H,OOO=O.lS, and the proportion of dilution water
is 1-0.18=0.82. Since the amount of dissolved oxygen in the incubated dilution water is 8.9 p.p.m. and the amount in the original sam-
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81. Relative Stability, or Methylene Blue, Test.- In sewage-treatment plants with limited laboratory facilities, the relative stability test is commonly used, instead of t he test for
B.O.D., as a measure of the stability of the sewage effluent The
relative stability test may also be used for the stability of raw
sewage, but the particles of solid material in raw sewage are apt
to absorb the dye (methylene blue) that is used in making the
test and thus to cause inaccurate results. As the presence of
f ree chlorine and other germicidal agents in the sewage will
affect tlte results, this test cannot be used on effluents that have
been_treated with chlorine. The result of the relative stability
test 1s e..xpressed as a per cent, which represents the ratio of the
oA·-ygen available as dissolved oxygen, nitrite ox-ygen, and nitrate
OA-ygen in the sample to the B.O.D., or the oxygen required for
stabilization. The methylene blue test gives only approximate
results.
The methylene blue used in the test is prepared by dissolving
0.5 gram of the commerical type of methylene blue, which is a
double salt of zinc, in enough distilled water to make 1 liter of
t he solution.
The procedure for making the test is as follows : A !50-milliliter bottle is filled completely with the san.ple of sewage, and
0.4 milliliter of the methylene-blue solution is added below the
surface of the liqu id, care being taken that exactly the right
amount of solution is used and that no air bubbles are allowed to
form in tl1e bottle. A glass stopper is inserted in the bottle, a
water seal is placed on the top of the bottle, and the bottle is
placed in an incubator at zoo C. until the blue color in the sewage
entirely disappears. In special instances, the sample may be
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incubated at 37° C. Although this higher temperature gives
results in one-half the time required at 20° C., the results are not
so accurate as those obtained at the lower temperature. If no
incubator is aYailable, approximate results may be obtained by
keeping the bottle that contains the treated sample at ordinary
room temperature. The time, to the nearest half-day, required
for the blue color to disappear is noted, and the rdative stability
in per cent is determined from a table like Table IV. In the
first and second columns are given the times, in days, required
for complete decolorization at 20° C. and 37° C., respectively,
and in the third column are given the corresponding relative
stabilities, in per cent.
In this test, it is assumed that the mixture is decolorized
when all the oxygen in the effluent is used up. Since putrefaction of the effluent does not start and odors do not occur until
the ox·ygen is exhausted, the rdative stability test serves as a
measure of the length of time that will elapse before the effluent
becomes offensive.
T ESTS FOR pH V ALU:B

82. Acidity or Alkalinity I ndicated by Hydrogen-Ion
Concentration.-The type and amount of treatment for a part icular sewage is governed to a considerable extent by the acid
or alkaline condition of that sewage. A slightly alkaline condition is preferable for the satisfactory digestion of sludge and,
therefore, a sewage that shows a marked acid reaction may
require a neutralizing treatment. The alkalinity or acidity may
be determined by making analyses to measure the amounts of
those ingredients that cause either an alkaline or an acid reaction,
and the results may be expressed as parts per million of calcium
carbonate ( CaC03 ) . However, in tl1e operation of sewagetreatment plants, it is customary to determine onJy the intensity
factor of the alkaline or acid properties of the sewage. This
intensity may be measured by the hydrogen-ion concentration or,
preferably, by the pH val11e.
Under certain conditions, molecules of chemical compounds
dissociate into two or more parts, called ions. Thus, a molecule of water ( H 20), which contains two atoms of hydrogen
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and one _atom_ of oxygen, may dissociate into two ions
of_these JOn~ ts a hydrogen ion, which is composed of o~I One
mmute pa~tlcle of matter, called a proton. The othe . y .one
hydro I .
h' h
.
r ton ts a
xy JOn, w tc conststs of an atom of hyd
of · .
d
.
rogen, an atom
oxygen, an an extra mmute particle of matter call d
electron. In water, which is the major ingredient ~f se~vag:~
TABLE IV
RELATI VE STABI LITY OF SEWAGE OR
Time Required for Decolorization
Days
Sample llaintained
at 2lJ> C.

0.5
1.0.
1.5
2.0
2.5
3.0
4.0
5.0
6.0
7.0
8.0
9.0
10.0
11.0
12.0
13.0
14.0
16.0
18.0
20.0

Sample Maintained
at ;;r C.

0.5
1.0

1.5
2.0

2.5
3.0
3.5
4.0
4.5

5.0
5.5
6.0
6.5
7.0
8.0
9.0
10.0

SEWA GE EFFLUENT

Relative Stability
Per Cent

11

21
30
37
44

50
60
68

75
80
84

87
90
92
94

95
96
97

98
99

there is always some dissociation of the molecules Th f
free h dr
·
·
ere ore,
y ogen IOns and hydroxyl ions are always present in
sewage. Also, th: product of the hydrogen-ion concentration
and the hydroxyl-lOn concentration in water or sewage remains
a co~stant. Pure water, which is neither acid nor alkaline
contams equal numb~rs of hydrogen ions and hydroxyl ions. If
ilie water becomes slightly acid, the hydrogen-ion concentration
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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. The numerical values of the hydrogen-ion concentrations are awkward to use in general practice. Therefore, a
more convenient scale of va1ues, known as the pH scale, is
commonly used to represent the degree of acidity or alkalinity.
Numbers ranging from 0 to 14 are used to indicate the pH
values. A value between 0 and 7 indicates acidity, the degree of
acidity being less for a higher pH vaJue than for a lower value.
A pH va1ue 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 a value of
6.6; a value of 7.0 indicates a neutral liquid; a value of 7.4 indicates a slight degree of alkalinity; and a value of 9.4 indicates a
considerable degree of alkalinity. For ordinary sewage-plant
operation the pH value is expressed to only one decimal place.

83. Color Standards for pH V alues.-In order to measure
the intensity of the acidity or alkalinity of sewage, an organic
dye, or i11dicafor, is put into the sewage. For a definite pH
value, a particular indicator will give to the sewage a distinctive
color with a definite shade. Color standards, which are usually
liquids in glass tubes but may be colored glass disks or printed
color charts, are used for comparison with the treated sample.
\'\'hen the color of the sewage that has been treated with an indicator agrees with the shade of a particular color standard, the
pH value of the sewage 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 give accurate results. Therefore, indicators that are sensitive for short ranges in pH value
are commonly used. For ordinary laboratory work in sewage
analysis, the most satisfactory indicator is bromthymol blue,
which has a color range corresponding to pH values from 6.0 to
7.6. Two recommended indicators for ranges below and above
that of bromthyrnol blue are, respectively, chlorphenol red, which
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has a color range for pH values from 5 2 t 6 8
d
f
al
£
. o . , an cresol red
or v ues rom 7.2 to 8.8. For precise work it may be
•
t
1
1
'
necessary
o emp oy a arge number of indicators which cover near) th
.t d . .y e
complete range of pH values In Table y
·
are 1IS e 111d1cato
f or pH values from 0.2 to 13.6.
rs
TABLE V
pH RANGEl AND COLOR CHANGE OF INDICATORS
Name

PH Range

Acid cresol red
02- 1.8
Acid meta cresoi ·~~~~i~::::::::::::::::
1.2- 2.8
Thymol blue (acid range) ............ .
1.2- 2.8
Benzol yellow ............ .
2.44.0
···········
Bromphenol blue
3.0- 4.6
Bromcresol green:::::::::::···········
3.8- 5.4
Methyl red ................ . :: · · · · · · · · ·
4.4- 6.0
Chlorphenol red
· · · · · ·· · ·
5.2- 6.8
Bromcresol purple.::: :: : :::: : : : · · · · · · · ·
5.2- 6.8
Bromthymol blue
· · · · · · ··
... ········· ········
6.0- 7.6
Phenol red ...
···················· ····· 6.8- 8.4
Cresol red ............. . ... . ...... .
7.2- 8.8
Meta cresol purple.............. · · ·
7.6- 92
Thymol blue (alkaline range) ... ·.·.·.·.·.·
8.0- 9.6
Phenolphthalein
red .................. .
T
I
8.6-102
o yl red ...................... .
10.0-11.6
Parazo orange
Acyl blue

. . ... . .. · ·· · · · ···· · · · ··· ·

·····························

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

:,ach color indicator for pH value has a characteristic color
ran.,e. These c~lor ranges are given in Table V. The first of
the h~o colors listed for a certain indicator is the color correspondmg to the lower limit of the pH range for that indicator.
and the seco~d color corresponds to the upper limit of the pH
range. ~or mtermediate pH values, the color will be bet
the two
Col
ween
~wen.
or standards based on each of these indicators
are fu~rushed for pH values that are multiples of 0.2 within the
prescnbed range.

84. Determination of pH value_The test fo pH
rna b
•
r
va 1ue
y e ma~e on sludge, effluent, or raw sewage; but, except
when chemical treatment is used, the pH value of the sludge is
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most important in plant operation. However, sewage sludge
contains so much solid material as to be nearly opaque, and it is
necessary to run the test on the sludge liquor or a diluted sample
of the sludge. The pH value of sewage sludge is largely dependent on the presence of carbon dioxide. Therefore, the sample
should not be aerated, filtered, or agitated unnecessarily, as any
of these processes might cause a loss of carbon dioxide.
·where the liquor will separate from the solids when the sludge
is aiJowed to stand for 30 minutes, the pH value of the supernatant liquor should be determined. However, if the solids and
the liquor do not separate in 30 minutes, the sludge should be
diluted with a quantity of aerated distilled water equal to 5
times the volume of the sample of sludge. The diluted sample
should be allowed to stand until the sludge settles, and the pH
test should then be run on the supernatant liquor.
In order to save time in separating the liquid from the settleable matter in sludge, various methods have been tried. At Dayton, Ohio, both sludge and a dilution of 1 part of sludge to 10
parts of water with a pH value of 7.0 have been filtered through
ordinary hospital absorbent cotton. Extensive experiments have
shown that the pH value determined by testing the filtrate is
accurate. Testing the filtrate obtained by passing sludge or a
dilution through Whatman No. 1 filter paper in a Buchner funnel gives a pH value that is slightly too high.

parator like that shown in Fig. 17 or a home-made comparator
may be used. In either case the principle involved is the same.
In Fig. 25 in shown a simple wood-block 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 c 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 and looks through the horizontal holes f in the
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85. When the approximate pH value is known from previous tests, two 10-m.illiliter portipns of the liquid 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 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 should be added to produce the deepest tint obtainable with the sample, 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.
If the color standards are liquid, either a manufactured com-
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Flc. 25

direction indicated by the arrows. The block is shown cut away
along the right-hand hole in order to illustrate the manner 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 fo r 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 sewage 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. If a manufactured comparator is used, the
directions that accompany the apparatus should be carefully
followed.
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Then the approximate pH value is not known in advance,
86. \\
.
. .
.
d
.t .s necessary to make a preliminary mvest1gat10n m. or er to
1 1
· wh"t
type of color indicator should be used m the
final
determtne
.a
• • •
·s
preliminary
work
three
or
more
10-milhhter
test. F or thl
'
.
·
of the liquid to be. tested are
One
portJOnS
. .placed m . test tubes.
.
h ortion is kept plam, and md1cators wtth d1fferent pH
sue p
.
.
· di
be"
ranges are added to the other port1ons, a d1ffe_rent m cator mg
used in each of those portions. The approxtmate pH value can
then be obtained simply by noting which indicator produces the
that is standard for it. For example, if bromcresol green,
. · h
d.ff
color
bromcresol purple, and phenol red are t~te_d m t ree 1 erent
tubes, and the liquid in the tube contammg the phenol red
umes a color between yellow and red, the pH value must be
ass
I "f
b
between 6.8 and 8.4. The more accurate pH va ue IS ound y
using the tube containing the proper color indi~tor and the tube
containing the plain sample of sludge, and makm? a col~r comparison in the manner described in the precedmg article.
ANALYSES FOR CHLORINE

87. Residual Ch1orine.-Most sewage effluents will be satisfactorily disinfected when the residual cl~orine, or the ch~orine
remaining after 15 minutes of contact wtth the sewage, ts 0.5
part per million. Therefore, the test fo; res~dual chlorine is _made
to indicate whether sufficient chlorine IS bemg used to obtam the
desired disinfection. Either a colorimetric determination or a
determination by titration with starch iodide may be used, but the
former is recommended for plant control work.
The required reagents are an orthotolidin solution and a
standard chlorine solution. The orthotolidin solution is made
by dissolving 1 gram of orthotolidin [(CH3NH2,CGHahl
in 1liter of hydrochloric acid (HCL), the liter of acid containing
180 milliliters of hydrochloric acid with a specific gravity of 1.18
to 1.19. The standard chlorine solution is prepared by diluting
2.5 milliliters of a commercial preparation of sodium hypochlorite [Na(OC/)2], known as B-K solution, to a volume of 1
liter with distilled water. The resulting liter of solution will
contain approximately 0.1 gram of chlorine. This solution requires frequent adjustment to maintain its standard value, and it

should be made up new every few months. The standardization
of such a solution so that a liter of it contains exactly 0.1 gram of
chlorine is carried out in the following manner:
A solution consisting of 1 to 2 grams of potassium-iodide
crystals dissolved in 150 milliliters of water is prepared; and to it
are added SO milliliters of chlorine solution and 1 milliliter of concentrated hydrochloric acid. This treated solution is allowed to
stand for 5 minutes while the iodine is liberated. Then 1 to 2
milliliters of the standard starch solution described in connection
with the test for dissolved oxygen (see Art. 73) are added to
produce a blue color, and the solution is titrated with N

40

sodium-thiosulfate solution, as described in the dissolved-oxygen
test, until the blue color disappears. The number of milligrams
of chlorine ( C/2 ) in the chlorine solution equals 0.01772 times
N
the number of milliliters of 4{) sodium-thiosulfate solution. If
this product is not 1, the strength of the chlorine solution should
be adjusted by adding more water or more B-K solution, as
required.
88. The colorimetric test for residual chlorine is made as
follows: A 10-milliliter sample of the sewage, which has been
exposed to contact with the chlorine for at least 10 minutes, is
treated with 1 milliliter of the orthotolidin solution. If the
sewage is cold, it should be warmed to 20° C. but should not be
made warmer than the air in the room. In 5 minutes, the deepest
color should be developed, and the sample may then be compared
with color standards. These color standards are made with 0.0,
0.2, 0.4, 0.6, 0.8, and 1.0 milligram, respectively, of chlorine per
liter of water. A desired number of milligrams of chlorine per
liter, or parts per million of chlorine, is obtained by diluting the
corresponding number of milliliters of the standard chlorine
solution to 100 milliliters ";th distilled water. Thus, a color
standard haYing 0.6 part per million of chlorine is made by
diluting 0.6 milliliter of the standard chlorine solution to 100
milliliters with distilled water. For comparison with the sample
of sewage, 10 milliliters of each standard color solution are placed

88
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in separate test tubes, and 1 milliliter of the orthotolidin solution
is added to each tube. New color standa rds must be prepared
for each test. In order that compensation for the turbidity of the
sewage may be made in the comparison of the colors of the sample
and the standard, a comparator should preferably be used for
such comparison. Manufactured comparators are obtainable,
but a home-made device similar to that shown in Fig. 25 may
be used.
89. Chlorine Demand.-According to Stm1dard Methods,
the chlorine demand of sewage is the number of parts per million
of chlorine, applied as chlorine water, that is required to produce
0.1 part per million of residual chlorine in 250 milliliters of the
sewage after 10 minutes of contact between the chlorine and the
sewage. The test for chlorine demand indicates the strength of
the sewage and is particularly valuable in the study of industrial
wastes.
The chlorine water that is recommended for use in determining
the chlorine demand is made by passing chlorine gas thro}lgh
distilled water. The resulting solution contains approximately 1
milligram of chlorine ( Cl2 ) per milliliter of solution. The exact
number of milligrams of chlorine in a milliliter of the chlorine
water should be determined by following the procedure described
for standardizing the chlorine solution used in the test for residual chlorine. However, in the case of the chlorine water, only
5 milliliters of solution are used, and the number of milligrams of
Cl2 in a milliliter of chlorine water equals 0.1772 times the
N
number of milliliters of
sodium-thiosulfate solution required
40
for titration. Chlorine water must be made up new for each test
and its exact chlorine content must be determined before it is
used. An orthotolidin solution such as is used in the residualchlorine test is also needed in the test for chlorine demand.
To determine the chlorine demand of sewage, 250 milliliters of
the sewage are first treated with 0.5 milliliter of chlorine water,
the mixture is stirred gently, and a preliminary test is made by
placing 0.25 milliliter of the treated sample on a glass plate and
adding 1 drop of the orthotolidin solution. If this gives a yellow
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color, the immediate chlorine demand is established · However .(
1
110 yeJlow
color appears, another 0.5 milliliter of the ell
:
.
1 onne
water
1s added to the. 250 milliliters of the sample• the 1111•xure
·t
·
.
1s
stlr~ed, and the test IS made again. This procedure is e:ontinuee
untJI
the yellow
color does appear· Then a 250-milliliter sampe
1
.
.
IS treated w1th a measured amount of chlorine water that is ab
0.25. to 1.0 .milliliter .greater than the amount used in determ·mmg
~ut
the 1~med1ate chlon~e demand. The mixture is stirred gentl ,
and tn
10 mmutes a portion of it is tested for residuayl
. exactly
.
chior~ne m the ~armer described in Art. 88. The quantity of
chlonne water 1s varied and the test for residual chlorine is
re~ated until the residu~l ~~lorine is found to be 0.1 part per
m1lh~n. \Vhen ~ 250-nulhhter sample of sewage is used, the
chlorme demand, m parts per million, is 4 times the product of th
number of milliliters of chlorine water that are used and th:
number of milligrams of chlorine in a milliliter of chlorine water.
ANALYSIS FOR GREASE IN SEWAGE

One of the most troublesome ingredients in sewage,
fro~ the ~reatment-plant standpoint, is grease. Therefore, it is
des1rable 10 many plants to determine the grease content of the
sew~ge. Such grease consists of fats, waxes, free fatty acids,
calciUm and magnesium soaps, and mineral oils. According to
Standard Methods, the grease content of sewage may be determined by extractin.g the grease by use of ethyl ether
(C2HsOC2Hs), chloroform (CHC/3 ) , or petroleum ether (no
definite formula). i\Iaterial other than grease may also be
extracted, and each e-xtracting agent, or solvent, t;emoves 3'
different amount of grease and other substances. Therefore
it is essential that the name of the extracting agent be recorded
along with the results of the test.
At the start of the test for grease it is desirable, but not necessary to place a thin mat of asbestos or cotton in an evaporating
dish. Then I liter of the sample of sewage is put into the dish
and is concentrated to 50 milliliters. If a mat of either asbestos
or cotton is used, the solid material will be deposited on it; other~vise, all of the solid matter from the sides of the dish is scraped
mto the remaining liquid by means of a glass rod with a rubber
90.
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tip, a few drops of methyl orange are added, and enough dilute
hydrochloric acid is introduced to make the liquid slightly acid.
In any case, the dish is placed in a water bath, the liquid in the
sample is evaporated, and the dish is dried by being kept at a
temperature between 100o and 105° C. for 30 minutes. 'Vhen
the drying process is completed, the contents of the dish, including the cotton or asbestos, are then transferred to a specially
designed thimble made of ahmdum, which is an electricallytreated aluminum. If no cotton or asbestos is used, all of the
material that is clinging to the sides of the dish must be scraped
to the center by means of a spatula before the dish is emptied.
In any case, the evaporating dish should be cleaned thoroughly by
means of pieces of filter paper that are moistened with ether or
chloroform (whichever extracting agent is to be used). All
material picked up by the filter paper should be added to the
solids in the thimble.
The extraction of the grease is accomplished in a Soxhlet
extraction apparatus, shown in Fig. 14. The thimble containing
the solid is placed in the ex-traction tube b, and the flask a is filled
with the solvent. The apparatus is then set up and extraction of
the grease is allowed to proceed for 12 to 16 hours. At the end of
this period, the flask contains the grease and solvent. The
solvent is then evaporated, the flask is dried for 1 hour at a
temperature between 100° and 105° C., and the flask and its
contents are weighed. The difference between this weight and
the weight of the flask alone is taken as the weight of grease in
the sample. If a 1,000-milliliter sample is used, the quantity
of grease, in parts per million, is equal to the number of milligrams of grease in the sample.
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EXAMINATION QUESTI ONS
Notice to Students.-Study tlze Instrttdio1~ p pe 11

beford

hot~ attempt to answer these questi01ts. Read each ;ue~tio:r::;;~t~
e sure you understand it; the~~ wr·ite the best a 11 swer 01~ um w y an
ar=ers are completed, exami71e litem closely corred '%Jl ll .
!tel~ ')'Ortr
find, and see that every question is answer~d ; tlzet~ mai/;::;o:V~J.01~ '::;~

( 1) State the two main purposes of treating sewage.
(2)_ \iVhat precautions should be taken at a sewage-treatment
plant m order to avoid possible poisoning or asphyxiation by gas?
(3) (a) Why is it usually advisable to make an analysis
of a_ sample of sewage immediately after the sample has been
obtamed? (b) If the analysis cannot be made within a few
~our~, ~vhat precautions should be taken to preserve the sample in
tts ongmal state?
( 4) RewTite the following tabulation, using the proper number of figures for each material :
•

MATERIAL

pARTS PER MILLION

~Jbsol~ed.dox~·gen ................... . ............ 14.750

R

~mmo1

mt~ogen . . . . . . . . . . . . . . . . . . . . . . • . • . . . . .

0.107

s:~·~~~ble chl~!"dtne . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2.167
SO I S

••....•••••.•••. •·• · •••• ·••··•• ..

1)9.()0()

( 5~ 'Why are oily and gr~asy substances especially troublesome m sewage treatment ?
( 6) Explain what takes place: (a) in the putrefaction and
(b) in the oxidation of the organic matter in sewage.
(7)

(a) What substance is used as a measure of the con-

centra~o~ of sewage ? (b) What are two general procedures for

determmmg the amount of this substance that is present in a
sample of sewage?
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(8) A dry evapo~ati~g dish that weighs ~7..~673 grams is
used in testing for sohds m sewage. A 100-mllhhter sample of
the sewage, which has a specific gravity of 1.011 at 4° C., is placed
in the dish and the liquid is evaporated. The total weight of
the dish and its solid contents is found to be 37.5389 grams.
The dry solids are then ignited and the dish and its remaining
contents are found to weigh 37.5117 grams. Determine the
number of parts per million of: (a) total solids and (b) fixed
solids.
An {(a) 710 p.p.m.
s. (b) 440 p.p.m.
(9) The threshold odor of a 200-milliliter sample of sewage
is obtained after four successive dilutions of the sample with odorfree water. Vlhat are the values of: (a) the odor intensity
and (b) the odor concentration?
( 10) (a) In the preliminary steps of the Rideal-Stewart
modification of the test for dissolved oxygen, why is it essential
that all color due to permanganate be removed? (b) What
should be done to hasten decoloriz-ation when the sewage contains
iron salts?
(11) In a test for the B.O.D. of an oxidized effluent, the
sample was diluted with water so that a liter of the dilution contained 250 milliliters of the original effluent. The parts per
million of dissolved oxygen in the various liquids were determined and were found to be as follows: in the original sample of
effluent, 4; in the incubated sample of dilution water after 5 days,
9.1; and in the incubated sample of diluted eftluent after 5 days,
6.2. What is the 5-day B.O.D. of the effluent?
Ans. 6.4
(12) (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) If, in the test for chlorine demand, no
yellow color appears when 1 drop of orthotolidin solution is
added to 0.25 milliliter of a sample of sewage that has been
treated with chlorine water, what is the next step in the
procedure?
Mail your work on this lesson as soon as you have finished ib
DO NOT HOLD IT until another

and looked it over carefully.
te11on is ready.

