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INVESTIGATIONS ON THE PURIFICATION OF
BOSTON SEWAGE.

By C.-E. A. WinsLow and EsrLe B. PrrLps.

INTRODUCTION.

By WitLiax T. SEDGWICK.

Systems of water carriage, or sewerage, are now almost universally
employed for the quick and inoffensive removal of fluid wastes and
‘human excrements from thickly settled communities. These fulfill
fairly well that first and most imperative requirement of scientifie
sanitation—the prompt and efficient removal of the more dangerous
excrefa. As often happens, however, the solution of one problem has
given rise to another scarcely less difficult, namely, in this case, the
sanitary and economic disposal of vast quantities of contaminated
liquids known as sewage. The volumes of sewage discharged by
modern communities are so large, especially in the United States,
where water is liberally supplied, freely used, and frequently wasted,
and the character of all kinds of sewage is always so objectionable,
that the so-called sewage-disposal problem becomes, from the economic
as well as the safitary point of view, one of the most serious with
which modern communities have to deal. Nor is this merely a public
or community problem. TIsolated private houses of the better class
are now almost invariably abundantly fed with running water—a
supply which has become one of the greatest necessities as well as one
of the greatest luxuries of civilized life. In such houses the water-
carriage system for the disposal of household wastes of all kinds has
found favor no less than in crowded communities. Here, also, it
entails a difficult problem, i. e., the ultimate disposal of large quan-
tities nf}qui::uus sewage; and for the house no less than for the com-
munity it 1s important to secure this ultimate disposal in such a way
as to avoid the creation of any insanitary focus or foci in the environ-
ment, or any infringement of the laws of hygiene and sanitation.

b
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Moved by the magnitude and gravity of the sewage-disposal prob-
lem as it concerns householders and communities, an anonymous
friend of the Massachusetts Institute of Technology, in 1902, pre-
sented to that institution the sum of $5,000 a year for three years, for
the purpose of making experiments on sewage purification and of giv-
ing the widest possible publicity to means or methods by which the
present too often crude and imperfect systems may be improved. In
a letter which constituted a virtual deed of gift, the donor designated
a preference for the following lines of activity:

1. For keeping up with the investigations of the best workers in all countries.
2. For utilizing this knowledge in the work of the Massachusetts Institute of Technology,
3. For original experiments.

4. For distributing all over the country the results of the work in such words that he who
runs may read.

5. For inciting students to make plain and simple statements of the results of their
studies. z

The gift thus made was gratefully accepted by the authorities of the
Massachusetts Institute of Technology, and the planning and organi-
zation of the work to be done were assigned by them to the writer,
head of the department of biology, who had for some years served as
lecturer in the Institute on sanitary science and public health, and had
also gained considerable experience in sewage purification during a
connection of several years with the work of the State board of health
of Massachusetts. In view of the limited means available and the
long-continued and well-known investigations of the Massachusetts
State board of health at the Lawrence experiment station, dealing
chiefly with the sewage of an inland city; in view, also, of the increas-
ing use of harbors for the disposal of the sewage of seaboard towns,
with the growing dangers of contamination of shellfish, pollution of
bathing beaches, and the like; and especially in view of the desira-
bility of making the new work of practical educational value to the
students of the Institute of Technology, who might carry away with
them into active life and to all parts of the country the results of per-
sonal knowledge of the work, it was decided to establish a sanitary
research laboratory and sewage experiment station on the main trunk
sewer of the south metropolitan system of the great seaboard city of
Boston. The precise point finally chosen, near the corner nif Massa-
chusetts avenue and Albany street, has proved very convenient and
favorable. THere a piece of land formerly occupied by a livery stable
was secured on a long lease, the stable itself was turned into a tank
house, and a smaller building on the premises was fitted up as an
office, with chemical and bacteriological laboratories connected. Open
space enough remained for the construction later c:-.f outdoor filters
and a large trickling filter. Permission was obtained for mal:cmg
connections with the main trunk sewer of the south metropolitan
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svstem on its way to the sea at a point where it !:,n_nl.&inml the snwagt?
of a contributing population of about half a million pvulﬂv_, and for
drawing sewage from this sewer as ne.l'?.dml. A pump was lllstﬂnj’.l'i?.,
tanks were constructed for tests of various 111&!311:;(15 of sewage purifi-
cation, and a working m‘gm_limtiun Was ‘{‘.ﬁt‘f.'.f.i"'fhl by .flm Iflrlxru%a,:;l.
appointment of the writer as director, }ﬂ" ( ..—Iu.. A. 11":'11115}U“- as bio ngu«b
in charge of the laboratory and station, and of luhn,rle B. Phelps, a
egraduate of the Institute in the department of cheu}mtry,uml for some
years assistant at the Lawrence experiment station of t,-h{-.‘}-lus_ssa-
chusetts State board of health, as research chemist and hﬂf:tt‘-[‘{l}lngist.
A full description of the laboratory and experiment station Is given
on pages 97-107, illustrated by figs. 10-14. |

The elaborate and long-continued experiments of the Smte‘buard
of health of Massachusetts at the Lawrence experiment station on
intermittent sand filtration as a means of sewage purification made
it advisable to set up only three filters of this kind, largely for demon-
stration purposes and for the benefit of students. To the so-called
sepfic-tank method it was felt necessary to give somewhat more atten-
tion, the value of this process under various conditions being still
somewhat problematical; and to the contact system much attention
was given for the same reason. More recently, continuous filtration
by means of trickling filters has come to the front, particularly in
England, and this system of disposal has therefore required especially
careful consideration and study.

As a prerequisite for all these investigations 1t was plainly necessary
to make, in the first place, careful examinations of the character and
amount of the sewage actually discharged by the south metropolitan
system of Greater Boston. The results of these examinations have
already been published, together with other papers, in vol. 1 of “ Con-
tributions from the Sanitary Research Laboratory and Sewage Experi-
ment Station of the Massachusetts Institute of Technology,” of
which the present work is volume 2. Volume 1 appeared originally
in the “Journal of Infectious Diseases,” volume 1, supplement No. 1,
Chicago, 1905, and was also reprinted as a separate brochure. This
latter was in large demand and is now unfortunately out of print,
but a limited number of the copies of the “Journal of Infectious
Diseases” containing these papers may still be purchased from
the publishers. As a matter of record the titles of the papers may
here be given, as follows: :

The chemical and bacterial composition of the sewage discharged into Boston Harbor
from the south metropolitan district. C-E. A. Winslow and E. B. Phelps.

The number of bacteria in sewage and sewage effluents determined by plating upon differ-
ent media and by a new method of direct microscopic enumeration. C.-E. A. Winslow.

The mode of action of the contact filter in sewage purification. . B. Phelps and F. W,
Farrell.
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A eritical study of the methods in curre
ammonia in sewage. B. B. Phelps.

“'I'Iu- determination of the arganic nitrogen in sewage by the Kjeldahl process. I B
4 !{!IPH- - " = a

nt use for the determination of f ree and albuminoid

Test of & method for the direct mieroscopic enumeration of bacteria. C.-E. A. Winslow
and G. E. Willcomb,

'I_‘ he present volume contains, first, a careful and elaborate historical
review of the whole sewage-disposal problem from its origin in the
wide adoption of the water-carriage system up to the present time,
when that system has become practically universal. This interesting
review can not fail to be of the highest value to expert engineers, sew-
age commissioners, and communities all over the United States, espe-
cially those numerous small communities which are confronted, per-
haps for the first time, with a p-oblem which means so much for the
health as well as the finances of the citizens,

Following the historical review is a full description of the experi-
ments thus far made on the sewage of a great American seaboard city,
together with comparisons with similar work d one elsewhere, with prac-
tical conclusions which have been drawn from the experiments and
specific statements concerning the comparative merits of various Sys-
tems of purification tested. These are by no means applicable merely
to large cities or to seaboard cities, but contain lessons of practical
value for all sorts of communities having to deal with the ever
present sewage-disposal problem.

This report is by no means final, for experiments are still in progress
not only along these lines but also along others more recently devel-
oped. In particular, the percolating, trickling, or continuous filter
method is being more extensively tested, with results which it is hoped
may be ready for publication by the end of another year.

The donor of the original gift has consented to continue the work
for the fourth and fifth years—an immense advantage in work of this
kind, which grows in interest and value with the lapse of time as well
as with the experience gained by the workers on the problems involved.
In consonance with the wishes of the donor as expressed in the deed
of gift, it is the intention of the director to prepare a brief pﬂpl{l&l‘
statement of the facts contained in this volume, in language so sim-
ple that citizens, boards of health, and sewerage upmmisaions may
readily avail themselves of the information here contained, and so that,
as desired by the donor, ““ he who runs may read.”

The work here described and the results here recorded have no con-
nection with the well-known work of the State board of health of
Massachusetts and no official connection with the city of Boston or
any of its departments. They proceed entirely from an educational
institution—the Massachusetts Institute of Technology—and all the
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officers and workers at the laboratory and station have been either
officers, graduates, or students of the Institute. il S ity

If, however, as is quite within the bounds of 1}105{-;1’:11I|t.}', it shou g
ever become necessary to purify the sewage of Greater Boston, or of
any part of it, before discharging it into _llm waters of Bu.u:t:m.Ilmhm-,
there is reason to believe that these studies may have a 111'&(21:1(_'-11] local
value in proportion to their cost. Meantime, it is the wmh of l.h.e
director no less than of the donor that they may be found mumal.dl—
ately serviceable to numerous American communities mnfrnn_l-ed with
the ;Euvage-dis]msnl problem and seeking means for its S(}illt-]f_'lll.

In addition to those persons already mentioned, the working si-af'f
of the laboratory and station has included, for longer or shorter peri-
ods, Prof. S. €. Prescott, of the Massachusetts Institute of Technology ;
Prof. E. G. Smith, of Beloit College; Miss Anne F. Rogers, and Messrs.
George R. Spalding, Frederick W. Farrell, George C. Bunker, George
B. Willcomb, James A. Newlands, William H. Beers, and William T.
Carpenter, all of whom have contributed directly or indirectly to the
discussions and results contained in this volume.

MAssACHUSETTS INSTITUTE OF TECHNOLOGY,
Boston, April, 1906.

HISTORY OF THE SEWAGE-DISPOSAL PROBLEM.

NATURE OF THE PROBLEM.

The disposal of waste is a fundamental problem for all living
organisms. As the body takes in food and builds it up into its own
peculiar structure, so it must continually break down and give off
waste products, which, as a rule, if they accumulate, prove poisonous
to the organism itself. This is the case with the individual; it is still
more the case when large numbers of organisms are closely congre-
gated together in communities. The political body resembles the
organisms of which it is composed in no merely fanciful sense. It is
subject to the laws of organic life; it has its income and its outgo; and
a failure to remove the waste products of its life processes is inevitably
dangerous to the units of which it is composed.

In spite of these facts, the attempt at scientific waste disposal is
comparatively recent. The Cloaca Maxima and the other so-called
sewers of antiquity were rather drains than sewers, and their funetion
was to lower the ground-water level and not primarily to remove
excretal wastes. Until 1815 the discharge of any waste but kitchen
slops into the drains of London was prohibited by law, and the same
regulation persisted in Paris up to 1880. Sewerage and sewage dis-
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posal proper really date from the epoch-making report of the health
of towns commission of Gregt Britain in 1844, ¢ which revealed £I;;he
accumulation of such an astonishing amount of decomposing organic
matter and filth of all kinds in the cities that it aroused Bri tishim]i-
tarians to a strong movement for the amelioration of these condi :Lrimm
and l{u;.l to the development of the filth theory of disease— the theory
that disease is bred in heaps of decomposing filth. This pythogenic
theory of Chadwick and Murchison we now know to be wrong in its
essent_iul assumption that infective material is created de novo by
decaying _nrgmﬂc_nmtter; yet it was right in laying emphasis on filth
as a carrier of disease. The wonderful administrative work of the
British sanitarians, acting on this partially erroneous theory, effected
the greatest sanitary progress which has probably ever been known
Public and private cleanliness was taught and Hpracticad as Ilﬂ-\-'EI“
before. The midden system and the pail system rapidly gave way to
the water-carriage system. Whereas in 1815 the sewers of London
were simply drains to carry off the storm water—the discharge of sew-
age into them being forbidden by law—in 1847, only three years after
the report of the health of towns commission, it was made pnbligatury
to discharge all sewage into those drains,

In other countries the example set in England was more or less
promptly followed. In the United States numerous drainage sys-
tems existed, one in Boston, for example, dating from the seventeenth
century; but the first comprehensive sewerage project was designed

@ Frequent reference will be made to the investigations of the roval commissions of Great Britain,
and in order to avoid confusion the following chronological summary of the work of those commissions
which have dealt with sewage disposal and allied subjects is quoted from A. J. Martin:

1843. Royal commission appointed ** to inquire into the present state of large towns and populous dis-
tricts” (health of towns commission).

1844, First report of health of towns commission.

1845, Second and final report of health of towns commission.

1857. Hoyal commission appointed to inquire as to the best means of distributing the sewage of towns
(sewage of towns commission).

15858, Preliminary report of sewage of towns commissiaon,

1861. Recond report of sewage of towns commission.

1865. Commission appointed to inguire in the best means of preventing the pollution of rivers (rivers
pollution commission}. '

Third report of sewage of towns commission.

1868. Second rivers pollution commission appolnted,

1870, First and second reports of rivers pollution eommission.

1871. Third report of rivers pollution commission.

1872, Fourth and fifth reports of rivers pollution commission,

1874. Bixth and final report of rivers pollution eommission.

1882, Commission appointed to inquire into the effects of the discharge of the sewage of the metropolis
into the river Thames (metropolitan sewage commission). :

1884, First report of metropolitan sewage commission.

1885, Second and final report of metropolitan sewage commission,

1808, Commission appointed to Inguire and report what methods of treating and disposing of sewage
may properly be adopted (roval sewage commission),

1601=2. Interim report of royal sewage commission.

1902. Second report of royal sewage commission.

1903. Third report of royal sewage commission.

1904. Fourth report of royval sewage commission.

i R N A i o i e . 5.
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by E. S. Chesbrough for the city of Chicago in 1855. On thclcc;nli :Iillf
of Europe a sewer system was t_:unﬁt-rucj[,ed at 1—Imul;:urg aft,m] t I.E,%If :1..
fire of 1842, by Lindley, an English engineer. Berlin began 'l(_.I --.L u:. Eli
age in 1860 and other German systems qum]::l}-' fnllmvew.l,r F 1'5.131{1{ a.ni
the Latin countries, though still s-;-:-mmvlmF inadequately sewered, are
making pmgmss. No law of sanitation 1s now more clearly I:Emgi
nized than the principle that the wastes of human life must be dllllT,-B(
with an adequate supply of water and quickly removed from the
region of habitation. : S

With the establishment of the water-carriage system t.her {11ﬂ|(+:1111,}r
was shifted from the individual to the community. The insanitary
conditions surrounding the dwelling were relieved, but at some point
on the outskirts of the city the concentrated filth from its entire popu-
lation must be disposed of. The vast volume of water in which thc
excretal elements are distributed makes the problem only more diffi-
cult. In England the average daily flow of sewage is about 25 gal-
lons per capita. In London it is 34 gallons (R. S. C., 1902 be). In
the United States, on the other hand, the flow in several small Massa-
chusetts cities is estimated at about 100 gallons (Fuller, 1903), while
for the south metropolitan district of Boston it is over 250 gallons
(Winslow and Phelps, 1905). In the latter case the yearly flow of
sewage amounts to 46 billion gallons—a fair-sized river. The organic
matter to be treated includes during the year over 1,500,000 kilo-
grams of nitrogen in the form of free ammonia alone. The treatment
of such & volume of waste material offers a problem in applied chem-
istry of no mean magnitude.

The undesirable constituents in sewage may be considered under
two heads—living germs and dead organic matter. The first create
disease; the second breeds nuisances. The germs of almost any dis-
pase of man or the lower animals may gain access to sewage, and, in
the case of typhoid fever in particular, the infection may be trans-
mitted through its agency so as to cause epidemics on a disastrous
scale. The experiments of Jordan, Russell, and Zeit (1904) and of
Frost (1904) indicate that typhoid bacilli in water, and particularly
in sewage-polluted water, for the most part die in a few days. Yet
the statistics of Lowell, Lawrence, Chicago, Philadelphia, Pittsburg,
and Newark indicate that the typhoid germs which survive a so-
journ in sewage and water are sufficiently numerous to produce
serious results. Therefore where shellfish are taken from an estuary
into which sewage is discharged it is desirable to subject the sewage

a Complete references to all literature eited in this report will be found in the bibliography at the end.
HReferences in the text inelude the name of the authority (the initials in the eaze of the British commis-
sions) and the date of publication, with a distinguishing letter In case more than one volume appeared

in a single year. This serves simply to identify the article or book, the full title of which iz given in the
bibliography.
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to some process—such as sand filtration—which effects g considerable
reduction in bacterial content; and the sterilization of an effluent
after its complete oxidation might, under certain conditions, prove
desirable.” As a rule, however, if the effluent from a sewage plant as
discharged into a stream is clear and lionputrescible, the process is
considered to be satisfac tory. It is becoming more and more clearly
recognized that all polluted waters, perhaps all surface waters, should,
before they are used for dri nking, be treated by water filters designed
for the special purpose of removing disease germs. If such f iltration
as this is to follow, it is unnecessary to place on the sewage-purifica-
tion works the extra burden of bacterial removal. The immediate
and pressing need at the sewer outfall is the disposal of the organie
matter, which threatens to create & nuisance by its decomposition.
This organic matter may often be rendered harmless by means quite
different from those calculated to effect high bacterial removal.
When such is the case, it is scarcely fair to hamper the essential task
of sewage disposal by demanding a bacterial purification which can
be better attained by subsequent special treatment in water filters,
All sewage-purification processes, as a matter of fact, materially
reduce the number of bacteria present; but this must in general be
regarded as incidental, the success of the process being gaged chiefly
by the fate of the organic matter.

Where the waste from manufheturing processes is abundant, certain
special problems are introduced. The material to be handled may
be greatly increased in amount and the added material may be
organic matter of a specially refractory kind, such as is found in wool-
scéuring waste, tannery waste, and brewery waste. Furthermore, the
presence of mineral poisons may interfere with the Very processes
which bring about the purification of the organic matter present.
The acid-iron sewage of Worcester is an example of this sort, the bio-
logical processes of purification being appreciably hampered by the
waste liquors from wire mills. The waste from the sulphite-pulp
mills offers a notable example, carrying vast amounts of refractory
organic matter, together with antiseptics which prevent any imcter.ial
treatment until they are removed. Such industrial wastes require
specific treatment in each case, generally along mechanical and chen}-
ical lines. They offer special problems quite distinct from the main
question of sewage treatment, to which it is desired to limit the
present paper. ‘ _ :

In the disposal of ordinary domestic sewage it is primarily dead
organic matter which must be dealt with. The products of the
metabolism of men and animals and the partially decomposed waste
materials from the preparation of food are largely made up of unstable
organic compounds. They must be fll;'l'.llff:z' decomposed, and the
decomposition may follow either of two different courses. Under
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ordinary conditions & rapid reduction of &.nyrza.\-'ailahlu oxygen first
takes place, followed by an incomplete mmem}?m !}lltl‘ﬂ'[:tlﬂtmll, 1;.{;:5:(.];1:11—
panied by the evolution of methane, carbon dioxide, nitrogen, ]1_}-{ w—l
gen, and various ill-smelling gases, :aur:h as hydrogen ::jl..llphlc e anc
the mercaptans. Such a process is likely to create a nuisance objec-
tionable from economic as well as esthetic grounds. The odors of
decomposition may even become so objectionable as to menace the
public health. St s b .

The history of the organic matter is quite different if its decompo-
sition takes E}lnce in the presence of an abum]m}trsupp]}’ of oxygen.
If dry organic matter is burned, it is converted into water and the
oxides of carbon and nitrogen. If moist organic matter is allowed
to ferment in the presence of an ample supply of oxygen, a slow oxi-
dation is accomplished by the activity of certain micro-organisms,
and the end products are again water, carbon dioxide, and nitrates.
This aerobic fermentation is free from odor, and its end is the com-
plete conversion of the decomposition products nto harmless inor-
ganie constituents. Such an oxidation alone can finally dispose of
the excretal products and prevent the obnoxious conditions attend-
ant on anaerobic putrefaction. This is the rational aim of all proc-
esses of sewage disposal, which may be defined as methods for the
conversion of the waste products of organic life and death into their
oxidized and mineral forms.

COMPOSITION OF SEWAGES.

Chemically considered, sewage is a dilute solution and suspension
of certain organic and inorganic substances in water. The state-
ment, originally made in 1890 by Hiram K. Mills and often quoted
by subsequent writers, that ““a sewage stronger than ordinary would
contain, say, 998 parts of pure water, 1 part of mineral matter, and
1 part of animal and vegetable matter,” serves its intended purpose
in fixing an upper limit for the constituents of sewage, but is excessive
for the sewage of American and English cities in its estimate of solids.
From the data available it may be stated that 800 parts per million
of total solids, as against 2,000 parts given by the standard men-
tioned, is a liberal figure for American cities and is exceeded by few;
English cities may average about twice as much, while the conti-
nental European cities vary widely, but in few cases exceed 2,000
parts.

Of the total solids in a sewage it may be said roughly that from
60 to 70 per cent is in solution, either true or colloidal, the remainder
being insoluble matter in suspension. Measured by the nature of
!Jhe solids, about one-half, as a rule is volatile on ignition, represent-
ing in the main organic matter, while the remainder, called the fixed
solids, represents the mineral matter originally present, as well as
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L!m mineral ash of the organic matter. The fact should be empha-
sized in this connection that many mineral substances are lost on
ignition and that the combustion of nearly all organic substances
oceurring in nature leaves a greater or less amount of mineral ash.
By far the larger part of the fixed solids is found dissolved, this
amount on the average reaching about 75 per cent of the total, most
of the remainder being sand or other insoluble matter, largely derived
from street washings, The division of the organic matter is about
equal between dissolved and suspended matter,

Concerning the character of the mineral matter present, it may be
said that the portion in solution is of little consequence in relation
to -sewage treatment. It consists largely of sodium chloride. In
certain special cases dissolved mineral matter may be precipitated
during treatment and become burdensome. This is especially the
case where iron salts are present in considerable amount. The
insoluble mineral matter and the mineral residue from organic matter
concern the present discussion more immediately, since in many
processes of treatment these materials will accumulate to the detriment
of filters. They normally amount to perhaps 10 per cent of the total
solids and in the case of cities sewered on the separate system will
not vary materially from that proportion. Combined sewers, how-
ever, admitting storm water from the streets, deliver an immense
amount of sand and similar material during a storm, for the care of
which some provision must be made at the disposal plant. No esti-
mate can be made of the amount of such material likely to be deliv-
ered. It will depend entirely on local conditions, especially on the
nature of the streets and the soil and on the severity of storms.

The character of the organic matter is of much greater importance,
It is customary to speak of nitrogenous and carbonaceous matter,
although the nitrogenous matter contains as a rule more carbon than
nitrogen. Since, however, organic matter containing nitrogen gives
rise on decomposition to products offensive to the senses, and since
the various products of its oxidation are readily determined bj,i'i sini-
ple analytical methods, much greater stress has always been lmt.l on
the nitrogen in sewage than on any other element. The total nitro-
gen value for American city sewages may be roughly _]J]E.G.{!d at from
15 to 35 parts per million. Of this amount fl‘ﬂl!‘l one:t-h]rd to one-
half, depending on the condition of the sewage, will be in the form of
free or saline ammonia, largely as ammonium carbonate. The
remainder, say from 10 to 25 parts per million, exists in numbinatic:n
as organic nitrogen. The nitrogenous argm_:tic: mutErmI_ present in
part results from the breaking down of proteid or albu minous ma:t-e.—
rial in digestion and in part represents unaltered }}}'Dt?l{l material.
Albumin contains about 16 per cent of nitrogen, while 1t~‘5 decﬂfnpﬂ—
sition products—Ileucine, tyrosine, and various other amido-acids—
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contain from 8 to 10 per cent, so that 10 per cenl may perhaps be
taken as an average value for the rifrogen in the nitrogenous mate-
rial. This gives an amount of such material m:luul to from 100 to
9250 parts per million in the sewages umlf*r t]lH{:llt-i.'-illm]. R(.nl_:zhl}',
about one-half of this nitrogenous material is carbon in organic COI-
bination, giving from 50 to 125 parts per million of carbon. The
total carbon of such sewages may be ﬂxpnut.‘ed to be between 100 and
300 parts, say 200 for an average, of which perhaps 75 parts are
found in the ritrogenous material. This leaves 125 parts of carbon
as carbonaceous (nonnitrogenous) material, of which the greater
part is cellulose or some other carbohydrate and f‘n!-: From 1]}{5
rather meager data available as to the amount of fat 11 sewage, 1t
may be concluded that 50 parts per million is perhaps a fair average
ficure. Seventy per cent of the fat, or 35 parts, is carbon, which,
deducted from the 125 parts previously mentioned, leaves about 90
parts of carbon as carbohydrate. The proportion of carbon in car-
bohydrates being taken at 46 per cent, this gives 200 parts per mil-
lion of carbohydrate. The figures thus deduced may be taken as
fair average figures for American sewages. Considerable variation
from the estimates may be found, amounting to perhaps 50 per cent
on either side, but the relative amounts seem to be fairly constant
as far as can be judged from available data. For the sake of clear-
ness these typical figures are tabulated below:

Composition of an ideal sewage.

[Parts per million.e]

: .
(In suspen-

T - E ion.
otal Insolution P

Residue on evaporation.......... s b f 800

T e AT R Ty e e B T e e e R e e T e 400

R VT T b e ] [ SRR e e L S L oy Lt | 400

O T O ) R o e S s TR P 150

DO TRy o S s e b e e e e [ 15

O e o e L e e e 7

L= g B S e A e T e e e T e | G0

I O T AT O S 5 e e e e T R e e 250

T Ly e o s i R 50

(T T e S e S B e e b L e ST 35

[ e e e S i T e e e B R s 15

Carbohvdrates, . 200 |.

O B R R e e e i R L i i S L]

B o e 110

AN AT Ty e 18 TRl SR S o M S S e R 200

Al o Bk oS Ty R R LR o e S R T SR e e 15
ol I S B A S e R R T e e 185 | ..

2 All analytical resulta in this re sxpressed i i per milli fite .
authoritics have he!:lr! t,'om:!::lt't.ulnisl: ::pﬂ::'r;nﬁg }L::f:':;;:.hhml e e
In order to change-these figures to grams per capita per day it is
only necessary to multiply by 0.38, a daily flow of 100 gallons per
capita being assumed.
.The sewage of EI{;_:]]:’-;h cities 1s in general stronger than the figures
given here for a typical American sewage. Analvses previously com-
piled (Winslow and Phelps, 1905) indicate that the total solids in




£ THE PURIFICATION OF BOSTON SEWAGE.
|‘.alll'“[1(‘t“t[l‘ﬂf“u‘n'll,{_ft‘:-:' will average about 1 ,900 parts per million, with
a range of from 500 to 2,100 parts. The organic cml.‘stittmnt:; also
as measured by total organic nitrogen, indicate that European S{;Wi
ages are twice as strong as American. Values for 0Xygen consumed
are mot comparable on account of differences in anai{-'tiﬂal methods
but those for free ammonia are much more nearly EE{llﬂ-] in the twuI
cases,

The amount of oxygen required to convert these organic sub-
stances into the mineral form is considerable. Dibdin, as shown in
Table I, estimates it at from one to three times the weicht of the
organic substance to be acted on. b ’

L gl - . wow
TasLe I.—Paris of orifgen required fo oridize one part of various organic substances
(Dibdin, 1903). ;

| Difference,

| Oxygen required.
- —| —_— — .I G or ﬂ'l-tdi"
R [ A¥gen | tional oxy-
& , [ :
L | By the ni- | By the hy-| By the already | gen re-
trogen. | drogen. | carbon. Total. | present. | quired for
| - | complate
- | | oxidation.
L E L e e 0. 523 0. 528 | 1. 333 2.384 | 0. 251 2133
Chondiinis 2ol = ) 411 . 568 1. 310 2.280 | . 204 1. 995
Lo s e R e L e 3 . 457 . 668 | 1. 414 2.430 | . 220 2.219
Cellulose, woody fiber. ... .. |.... ... . 404 | 1. 154 1. 680 | 494 1. 184
2 by D L ' 496 | 1.184 | 1. 680 . 404 | 1. 185
Bat, ateaviencld. ... o TR 1. 016 | 2,025 d.041 | 118 | 2.928

The problem of sewage disposal is to supply this required oxygen
and to supply it under such conditions that it will unite with the
organic matter to be eliminated.

DISPOSAL OF SEWAGES BY DILUTION IN LAKES, RIVERS, AND THE SEA.

The most obvious way to dispose of sewage is to empty it info
the nearest body of water. Before true sewers existed the natural
drains discharged into the nearest watercourse, and when the drains
became filled with polluting matter the same plan was followed.
Within certain limits the process proved a success. When the vol-
ume of sewage was not too great it disappeared by dilution and was
finally removed by the agencies involved in the “self-purification of
streams.”  The dilution is, of course, only an aid to purification
and not in itself an active agent in the process. A drop of ink in
a barrel of water is still existent, though invisible. Sedimentation,
too, 1s searcely in itself a process of purification, although it per-
forms a most important part, separating the solids and storing them
so that other agencies may have time to act. Oxidation of the
organic matter is the real purification process, and it is by 1.-'irt11[=r_ of
this process that streams are able to dispose of organic pollution
when they do so successfully.

The oxidation of organic matter in- a stream or pond may be
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artly due to direct chemical action. In the main, however, 1t s
carried out by the activity of micro-organisms. The larger miero-
scopic fnrms,-the crustacea, the rotifera, and the En-utnxua, pla}y a
part the exact importance of which is hard to estimate, especially
in the consumption of the solid particles. The alge and other green
plants exercise an important influence, as shown by Bul-:::.rrn_r “9{9?}
and others. The chief agents, however, are the bacteria, particu-
larly those metatrophic and prototrophic forms which liquefy pro-
teids, liberate free ammonia from more complex compounds, and
oxidize it to the mineral form.

The process of self-purification of streams, though a real process,
is o slow one. The rivers pollution commission of Great Britain con-
cluded in 1874 that sewage mixed with twenty times its volume of
pure water would be two-thirds purified in flowing 168 miles at a
vate of 1 mile an hour. Long, in 1889, made a careful study of
this process in the Illinois and Michigan Canal. A large part of
the sewage of Chicago, diluted with the water of Lake Michigan,
at that time flowed through the canal for a distance of 29 miles at
a rate of about 1 mile an hour. Analyses from Bridgeport and Lock-
port, at the beginning and end of the canal, as shown in Table IT,
gave a purification of 23 per cent as measured by albuminoid ammo-
nia and 27 per cent measured by oxygen consumed, with a removal
of 46 per cent of the matter in suspension.

Fer pent of ng‘?”
SRlurafaon £
73 T =5 = 65
DISSOLVED OXYGEN __ ————T | 1
50 s ..-"'"r e i - i
| =
x 45 ; 1
3
oy ik o
§ 30 - — 35 %
=
w L %
(=1 e
13 5 B S— %
b [ALBUANERD AMMON 0
o e e e e P = e l --------- —— o o | T K
n'[“—"‘“""' - - } g . - } : . - = .45
5 & v & 3 il I 2 +3 I FE

MILES BELOW SAXONFILLE

F16. 1.—Diagram illustrating self-purification of Sudbury River.

TasLe Il.—Analyses of waler from the iliinois and Mickigan Canal at Bridgeport and
Lockport (Rafter and Baker, 189.4).

[Parts per million.s]

|
| i ! ' Nitrogen as—
Total | Mattor | Nitrogon LRI T

) - | - : OxyEen
Place collected in sus- Chlorine, Hardness ' A
’ Bollds. L _as “hlorine. =5 s | 7 _| Albumi-|  eon-
pension. | nitrates. (CaCO3). I;:E'Ti'::l |uoid am- | sumed.
. | * | monin. |
|—— S B . o
] | |
Bridgeport.. ‘ 471.2 129.2 0 | 46.8 201. 3
........ : P! E : o I 1 21 23,
TE it T e R | 431.2 0, & 0 46, 1 207, 7 B8 LG 16. é
|

o Free and albumineid ammonia values throughout-this paper are expressed asnitrogen.  The method

IRR 185—0——2















































































































































































































































































































































































































































































