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THE DISINFECTION OF SEWAGE AND SEWAGE FILTER
EFFLUENTS.

By EArLE BerNARD PHELPS.

INTRODUCTION.

The investigations on which this report is based were conducted
by E. B. Phelps at the sanitary research laboratory and sewage
experiment station of the Massachusetts Institute of Technology
at Boston, Mass., and, in collaboration with Mr. Phelps, by Francis
E. Daniels at the sewage-disposal works at Red Bank, N. J., and by
Ezra B. Whitman at the Walbrook Testing Plant at Baltimore, Md.,
under cooperative agreements with the Massachusetts Institute of
Technology, the State Sewerage Commission of New Jersey, and the
city Sewerage Commission of Baltimore.

SEWAGE PURIFICATION.

PURIFYING AGENTS.

The essential agents of sewage purification are provided and em-
ployed by nature. The slow action of the soil bacteria, aided by
atmospheric oxygen, eventually converts into harmless mineral
ingredients all organic matter that comes within its sphere of activ-
ity, the process being analogous to that of combustion. Sewage
purification as practiced to-day is but the intensive application of
these natural processes under controllable conditions. The improve-
ments that have been made in methods of treating sewage have not
involved the discovery or application of new principles, but have
merely increased the working efficiency of the natural bacterial
agencies. The constant aim of the experimenters has been to in-
crease the rate at which sewage can be treated on a given area of
land. From the old-time sewage irrigation field, with its maximum
capacity of possibly 10,000 gallons an acre in twenty-four hours, to
the present-day trickling filter capable of dealing with two or three
million gallons an acre a day, the march of improvement has been
steady and continuous. The amount of sewage that can be purified
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8 DISINFECTION OF SEWAGE.

on an acre of filtering area has been increased two or three hundred
fold, and investigators are working toward a still greater increase.

It must be admitted that the significance of the word “purify’’ has
also undergone a radical change. The effluents are no longer pure
ground water. The liquid flowing from a modern trickling filter
looks to the untrained eye like the original sewage. The organic
matter of the sewage is no longer “burned up” to harmless mineral
matter; indeed, there is almost as much organic matter in the effluent
as in the raw sewage, and sometimes more. What change then has
taken place to justify the use of the term “purified?”’ The answer
lies in the fact that the organic matter has been changed but not
removed. To carry out the simile, the organic matter, though not
burned, has been charred or partly oxidized, and this charring
process has been sufficient to rob it of its putrescibility or foulness.
In other words, its chemical composition has been so altered that it
is no longer capable of undergoing rapid putrefactive decomposition.

On first consideration it appears inconceivable that the chief
object of sewage disposal—prevention of the fouling of streams—
could be attained by such subtle changes in the nature of the organic
matter. Nevertheless, effluents containing comparatively large
amounts of organic matter may be discharged into streams with-
out fear of causing nuisances if the organic matter is nonputrescible
and if conditions preclude immediate sedimentation. The work of
purification proceeds in the stream as it does in the soil until the
oxidation, or combustion, is complete, oxygen far that purpose being
sufficiently abundant in a reasonably clean stream. On the other
hand, too much crude sewage added to water first robs it of all its
available oxygen, then, in the anaérobic condition thus established,
kills the beneficent oxidizing bacteria and transforms the stream
practically to an open sewer. It is apparent, therefore, that purifi-
cation of sewage has come to mean primarily the removal of its
tendency to putrefy and not the total oxidation and'removal of all
its organic matter.

FATE OF BACTERIA IN SEWAGE FILTRATION.

In the older and more perfect methods of sewage purification the
bacteria of the sewage with the other organic matter were destroyed
by the straining action of the soil and the oxidizing action of the
normal soil bacteria; but a modern filter of coarse stones neither
strains the material nor affords opportunity for vigorous oxidation.
Much of the original organic matter passes through such a filter,
having undergone changes so slight as almost to defy detection by
ordinary chemical means. Tt is reasonable, therefore, to inquire as to
the fate of the sewage bacteria and particularly as to the pathogens, or
disease-producing microbes. The data on this point are somewhat
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conflicting. The question was raised in 1893 in connection with the
first septic tank at Exeter, England. The fear was expressed that
pathogenic germs might even multiply in the tank, as other forms
of bacteria are known to do. Sims Woodhead conducted an investi-
gation as a result of which he concluded that no organisms capable
of setting up morbid changes in animals after inoculation came from
the tank. Pickard introduced an emulsion of typhoid bacilli into
the Exeter tank and observed a slow diminution in number. It is
important to note, however,. that even after fourteen days 1 per
cent of the original number was still alive. Pickard also reported
a removal of over 90 per cent of the typhoid organisms introduced
into a contact filter. Rideal, on examining the effluents of three
Scott-Moncrieff filters at Caterham, England, found reductions in
Bacillus coli ranging from 95 per cent to 98.5 per cent. IHe made
the following statement before the Royal Sewage Commission:®
““Satisfactory evidence in most of the systems is now available from
which I think we are justified in concluding that even if towns on a
river like the Thames adopted bacterial schemes the pathogenicity
of the London water supply would not be adversely affected thereby.”

On the other hand, there is some evidence that the pathogenic prop-
erties of sewage are not materially altered in its passage through a
coarse-grained filter. Alfred MacConkey® made a series of tests
upon the longevity of B. typhi in various waters. Samples of the
liquid under examination were inoculated with large numbers of
typhoid bacilli and were kept under observation. In one experi-
ment the organism was isolated from sewage thirteen days after
inoculation. In a second set of two tests it was not found after fif-
teen and after seventeen days. In two contact-bed effluents it was
found after fifteen and seventeen days, respectively, while in two
other contact-bed effluents it did not survive beyond the sixth day.
MacConkey concluded that the numbers of typhoid organisms reach-
ing a filter are ordinarily so small that there is but slight possibility
of their passing through, but “if from any cause they arrive to the
tanks in such large numbers as the B. coli, then certainly they might
appear in the effluent just as the B. coli does.” In interpreting
such results due allowance must be made for the fact that the isola-
tion and identification of the typhoid bacillus under such conditions
is extremely difficult and that failure to detect the organism carries
much less experimental weight than a positive result.

Houston, ¢ in a careful investigation of the subject for the Royal
Sewage Commission, found that the effluents from septic tanks, con-
tact beds, and trickling-filter beds contained enormous numbers of

a Interim Rept. Royal Sewage Commission, 1901, Question No. 4148, p. 251.
b Second Rept. Royal Sewage Commission, 1902, p. 62.
¢ Houston, A. C., Second Rept. Royal Sewage Commission, 1902, p. 26.



10 DISINFECTION OF SEWAGE.

bacteria. In some of the tests the per cent reduction in the effluents
as compared with the raw sewage was striking; but as it was neces-
sary to judge an effluent by its actual condition, and as the number
of micro organisms still remaining was almost always very large, he
concluded that per cent purification is of minor importance. In not
a few of the tests the bacteria were practically as numerous in the
effluent as in the raw sewage. The relative abundance of the dif-
ferent kinds of bacteria appeared to be much the same in the efflu-
ents as in the crude sewage. Of undesirable bacteria, such as B. ¢oli,
proteus-like germs, spores of B. enteritidis sporogenes, and strepto-
cocci, the effluents contained nearly as many as the crude sewage.
The reduction in numbers of these objectionable bacteria was appar-
ently not marked enough to be of consequence from the point of
view of the epidemiologist. No definite proof was found that the
effluents from bacterial beds were conspicuously safer than crude
sewage in their possible relation to disease. Attention was especially
called to the presence of streptococci in the effluent. Houston con-
tends that if it be true that streptococci are more delicate germs than
the typhoid bacillus, their presence in large numbers in the effluent
indicates the possibility or probability that the typhoid bacillus also
survives under similar conditions—a view that leads to the inference
that the biological processes at work are not strongly inimical, if
hostile at all, to the vitality of pathogenic germs. Experiments
with B. sporogenes, a spore-forming organism, have shown that it
passes through filters in almost undiminished numbers.

~ Besides the facts already mentioned, little information is avail-
able which bears directly on the fate of the pathogens, and particu-
larly of the typhoid organism, in sewage purification. It is there-
fore necessary to examine the available indirect evidence. By study-
ing the removal of certain specific organisms that are easily detected
and certain well-defined groups of organisms existing in sewage, the
probability of the elimination of the typhoid organism can be deter-
mined. In the absence of further data it must be assumed for the
sake of safety that the elimination of the typhoid bacillus is not
materially greater than that of the other species and groups that
may be studied. During the summer of 1904 there were operated at
the sewage experiment station four septic tanks running at storage
periods of from twelve to forty-eight hours, nine contact beds differ-
ing in material, depth, and rate, three trickling filters, and three
sand filters, one of each set being run with crude sewage and two
kinds of septic effluents, respectively. The results of bacterial counts
are shown in Table 1, in which the numbers are averages of all results
obtained with one kind of filter.

@ Winslow, C.-E. A., The number of bacteria in sewage and sewage effiuents: Jour. Infect. Dis., vol. 1,
Suppl. 1, 1905, p. 209.
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TaBLE 1.—Bacteria in sewage and in efiluents of sewage filters at Boston in 1904.

R [Wizslow.]
“ Bacteria per cubic centimeter.
Number .
Source of sample. | of exam- Lactose gelatin at 20° C. Lactose agar at 37° C.
inations. ; | Anadrobic
. Acid | Acid | , agar.
Liquefiers. formers. Total. formers. Total.
I \

Sewage............. 56 365,000 | 1,670,000 | 5,430,000 | 1,670,000 | 3,760,000 2, 440, 000
Septic effluent. ... 56 162, 000 495,000 | 1,750,000 650,000 | 1,040, 000 930, 000
Contact filters. .. ... 140 60, 000 270, 000 , 060, 000 290, 000 570,000 440,000
Trickling filters..... 18 134,000 114,000 451, 600 284,000 | 1,170,000 200, 000
Sand filters......... 15 500 1,360 9,160 11, 460 43,600 1,200

The septic tank and two trickling filters in operation at the same
station during the summer of 1906 gave the average results recorded
in Table 2, showing that less than one-half of the bacteria growing at
37° C. were removed by filtration, and that the reduction in the num-
ber of colon bacilli was practically in the same proportion.

TaBLE 2.—Bacteria in sewage, septic effluent, and trickling-filter effluents at Boston in
1906.

Bacteria per | B. coli; posi-
cubic centi- |tivea tests in

Source of sample. meter; lac- | one-millionth
tose agar at |ofa cubiccen-

d timeter.

Per cent.
Sewage 1, 300, 000 65
Trickling filter receiving sewage. 750, 000 35
Septiceffluent...._.... ... ... 1, 650, 000 66
Trickling filter receiving septiceffluent.._._........._.._. - 750, 000 35

a The bile broth presumptive test recommended by D. D. Jackson was employed.

Johnson,® in his experiments at Columbus, found a reduction in the
total number of bacteria ranging from 33 per cent to 60 per cent in
primary-contact filters, and a removal of about 39 per cent of the
remainder in secondary-contact filters, and from 30 per cent to 80 per
cent in trickling filters, depending largely on the depth of the filter.
Subsequent sedimentation increased this removal to 87 per cent.
Thumm and Pritzkow,? at Berlin, report a reduction in the number of
bacteria from 17,000,000 in the sewage to 6,000,000 in the effluent
of a double-contact filter. At La Madelein, France, Calmettec found
5,000,000 bacteria per cubic centimeter in crude sewage, 2,900,000 in a
secondary-contact effluent, and 800,000 in the effluent from a trickling
filter. The sewage contained 20,000, the contact effluent 4,000, and
the trickling effluent 2,000 colon bacilli. At Plainfield, N. J., the

a Johnson, Geo. A., Report on sewage purification at Columbus, Ohio, 1905.

b Thumm, K., and Pritzkow, A., Mitteilungen aus der Koniglichen Priiffungsanstalt fiir Wasserversor-
gung und Abwisserbeseitigung zu Berlin, 1903, vol. 2, p. 127.

¢ Calmette, A., Recherches sur ’epuvation des eaux d’égout, Lille, 1907, vol. 2.
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double-contact filter was found to reduce the number of bacteria
from an average of 1,000,000 per cubic centimeter to an average of
322,000; B. coli ranged from 1,000,000 to 100,000 in the sewage and
from 100,000 to 10,000 in the effluent.® . An experiment performed by
Houston ? is important in this connection: B. pyocyaneus, a patho-
genic organism, was applied to the top of a trickling filter, and ten
minutes later the bacillus appeared in the effluent, continuing to be
discharged for ten days. In a similar manner the same organism was
found to pass through a septic tank and a contact filter successively,
and to persist in both for nine days. At Baltimore, Md., the board of
advisory engineers concluded that 95 per cent of the bacteria in the
sewage could be removed by a system comprising a septic tank, 9-foot
trickling filters, and supplementary sedimentation basins.c Such
results are better than those usually obtained elsewhere, and if they
can be maintamed in practice they will go far toward solving the
problem in that locality.

From a consideration of the available evidence it may be stated in
a general way that coarse-grained, rapid sewage filters remove a con-
siderable proportion of the sewage bacteria; that such removal has
not been found to be sufficiently complete in practice to have great
sanitary significance; that bacteria of various groups and certain
specific organisms pass through such filters in practically the same
proportions as the bacteria as a whole; and that, in the absence of any
information to the contrary, it should be assumed that such filters
have no greater effect on the typhoid and other pathogenic organisms
than on B. coli, B. pyocyaneus, sewage streptococei, or the different
groups of sewage bacteria.

THE NECESSITY FOR DISINFECTION.

It is probable that removal of bacteria will again be considered an
essential factor in sewage purification. That it was so considered
formerly is well known. The development of the modern rapid filter
has made it possible to introduce sewage purification under conditions
where it would have been impossible or prohibitively expensive in
former days. In the acceptance of a partial solution of the problem
much has been gained and but little lost. The process of purification
that renders practically stable the offensive organic matter of sewage
has accomplished the most important and in many cases the only
essential requirement. If, however, sewage effluents find their way
into the drinking waters of neighboring communities, the question of
the relative responsibility of the settlements is debatable. It is gen-
erally conceded at present that efficient sewage purification should be

a Rept. Sewerage Commission of New Jersey for 1906.
b Houston, A. C., Fourth Interim Rept. Royal Sewage Commission, 1904, vol. 3, p. 77.
¢ Report of the Board of Advisory Engineers to the Sewerage Commission of Baltimore, 1906.
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undertaken by the communities in which the sewage originates, and
that purification of the water supply is the urgent duty of the other
communities. As streams flowing through populous districts are
necessarily contaminated and unfit for domestic use without filtration,
it is considered unjust to require a community to purify its sewage to a
higher degree bacterially than that shown by the stream into which it
is discharged. On the other hand, in the fight against infectious dis-
eases, sound tactics demand an attack on the enemy as near as pos-
sible to the initial source of infection. . The best and easiest place to
destroy typhoid germs is at the bedside of the typhoid patient; but
this method can not be relied on to keep sewage free from infection,
and the next strategic point is certainly the sewage. Once at large
the germs may reach their victims in a score of well-known ways,
and who will say by how many devious and unknown paths? With
increasing knowledge of these facts and with improved processes and
reduced cost of disinfection it is not too much to expect that the
disinfection of sewage will some day be regarded as an integral part
of its purification and as a necessary measure of protection for the
community.

One of the ways by which typhoid germs pass from the sewer to
the victim is by means of shellfish fed or fattened in polluted water,
and many of the oyster and clam beds of the eastern seaboard are
subject to pollution by sewage. In England conditions are so
serious that the demand for shellfish has perceptibly decreased.
The situation presents obvious difficulties. The water of a polluted
river may be rendered potable through filtration, but the purification
of shellfish seems to be out of the question; it follows, therefore, that
health must be safeguarded either by preventing the discharge of the
bacteria of sewage on shellfish beds or by prohibiting the taking of
the shellfish. In a large community where the shellfish industry
is small it will probably be more satisfactory to adopt the latter
method, but in small communities whose sewage pollutes large and
important beds thorough bacterial purification is not an unreason-
able requirement. Unfortunately the greatest shellfish areas of the
country are situated near large cities, where they are subject directly
or indirectly to possible pollution from sewage discharge.

In a carefully prepared paper on the pollution of shellfish beds,
G. W. Fuller ¢ states that the annual crop of oysters gathered along
the Atlantic and Gulf coasts in 1902 amounted to more than
25,000,000 bushels, exceeding in value $13,000,000, and that the
crop of clams was more than 2,000,000 bushels, valued at $2,000,000.
Over one-half of this total production came from New Jersey,
Maryland, and Virginia, and the shellfish were grown mainly in the

@ Concerning sewage disposal from the standpoint of the pollution of oysters and other shellfish, with
especial reference to their transmission of typhoid fever: Jour. Franklin Inst., vol. 160, 1905, p. 82,
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waters of Delaware and Chesapeake bays, which receive the sewage
from many large cities. At present this sewage is so enormously
diluted by the bay waters that the danger of pollution is in most
places remote, but it is present and ever increasing.

In Baltimore a system of sewerage and sewage disposal is being
planned to remedy the already serious pollution of Patapsco River.
In calling on a commission of experts for advice the sewerage com-
mission of Baltimore specified ‘“‘that the effluent proposed to be
discharged into Chesapeake Bay or its tributaries in the system to
be recommended by the engineers shall be of the highest practicable
degree of purity.” ¢

By agreement between the States of New Jersey and Penn-
sylvania the condition of Delaware River has been thoroughly
investigated, and the pollution of that stream by sewage from
Trenton, Bordentown, and other smaller communities in New Jersey,
and Philadelphia, Easton, and other Pennsylvania cities, is pro-
hibited after certain specified dates.> The necessity for protecting
these valuable shellfish beds makes bacterial removal an essential
feature in any scheme of sewage disposal which may be considered
for such places.

The board of advisory engineers at Baltimore recommended that
the settled trickling-filter effluent be given a final treatment on sand
filters. The cost of works for the complete treatment of 75,000,000
gallons of sewage a day by septic tanks, trickling filters, sedimen-
tation basins, and sand filters was estimated at $3,283,250, of
which sum $1,040,750, or over 31 per cent, was for supplementary
treatment. The annual cost of operation is expected to be $115,500,
of which $55,000, or 48 per cent, is for supplementary treatment.
This gives some idea of the cost of complete bacterial removal by
filtration processes over and above the cost of reasonable organic
purification. In regard to disinfection by chemical means the
advisory engineers state: ‘‘To remove all bacteria remaining in the
settled effluent from the sprinkling filters by disinfectants, such as
hypochlorite of lime or of sodium or sulphate of copper, would be
prohibitively expensive”’—an authoritative opinion based on the
best evidence then to be had. Almost no American data on chemical
disinfection were available, and the results of experiments in
Germany indicated that such disinfection could be accomplished only
at high cost. The patented processes mainly used in England were
also expensive. It was therefore desirable to learn just how effective
disinfection processes could be made under conditions in America—
how much they would cost, and what after effects, objectionable or
otherwise, might follow their introduction.

e Report of the Board of Advisory Engineers to the Sewerage Commission of Baltimore, 1906.
b Rept. New Jersey State Sewerage Commission, 1907,
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A review of the available data and a short experimental investiga-
tion made in 1906 at Boston® led the writer to believe that there is
much value in the process and that it might afford the best possible
solution of the whole problem under certain conditions common in
this country, particularly in localities where the shellfish question is
involved.

METHODS OF DISINFECTION.
CLASSIFICATION OF METHODS.

In Great Britain the somewhat indefinite allusions of the royal
sewage commission to sterilization as a finishing process in sewage
treatment aroused a storm of discussion that resulted, at least, in
clearing away many misconceptions. Sterilization processes of many
kinds have been investigated, and the subject has been freely dis-
cussed. For the following classification of sterilizing agents and for
many of the facts noted here the writer is indebted to Rideal,”> whose
carefully prepared paper on the subject discusses its possibilities in a
thoroughly impartial manner. Other authorities are cited wherever
possible. Except when otherwise stated, costs are based on current
prices in eastern markets.

The different methods and substances proposed for the sterilization
of effluents are considered in the following order:

Heat.
Lime.
Acids.
Ozone.
. Chlorine and its compounds.

() Chlorine gas.

(b) Hypochlorites, or oxychlorides.

(c) Electrolytic chlorine processes.
6. Copper and its compounds.
7. Miscellaneous.

(@) Permanganates.

(b) ““Amines” process.

(¢) Sodium benzoate and other organic compounds

O 0 1o

HEAT.

The use of heat has been suggested for disinfecting sewage. In his
testimony before the royal sewage commission E. E. Klein¢ referred
to a patented process which he considered practicable, by the use of
which sufficient ammonia could be recovered from the sewage nearly
to pay for the treatment; but there is no record that this process

o Phelps, Earle B., and Carpenter, William T., The sterilization of sewage-filter effluents: Tech. Quart.,
vol. 19, 1906, p. 382; Contributions from the Sanitary Research Labeoratory, vol. 4, 1908.

b Rideal, S., On the sterilization of effluents: Jour. Royal Sanitary Institute, vol. 26, p. 378.

c¢Interim Rept. Royal Sewage Commission, 1901, question 9674, p. 519.

76474—IRrR 229-—09——2
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has ever been used on a working scale. A device for heat interchange
similar to that employed in the Forbes sterilizer may possibly, as is
claimed, raise water to the boiling point and cool it again within 5° F.
of the initial temperature. With coal at $3 per ton having a calorific
value of 10,000 British thermal units, the fuel cost alone of such an
operation would be about $7 per million gallons of sewage. The
ammonia in a million gallons of Boston sewage, if in the form of
sulphate, would have a market value of $20. Whether the difference
between the value of the ammonium sulphate and the cost of the
fuel is sufficient to cover the cost of operation, including labor,
evaporation of the dilute solution, and all fixed charges can be deter-
mined only by actual experiment, but the plan is not wholly without
possibilities.
LIME.

Caustic lime acts only slightly as a germicide, and the considerable
removal of bacteria that takes place when lime is used as a precipitant
in sewage is undoubtedly due to the action of the precipitate itself
in dragging down with it the bacteria which it has entangled. Such
action occurs to some extent in the precipitation of any substance,
and even the sedimentation of sewage is always accompanied by
reduction in the numbers of bacteria. Lime alone, therefore, would
be of little value for sterilizing effluents. Rideal states that 60 to 70
grains per imperial gallon (860 to 1,000 parts per million) are ineflicient
in sterilization. Thresh, however, believes that lime would produce
a satisfactory sterilization of effluents.c

ACIDS.

Most bacteria, and particularly typhoid and cholera germs, are
more readily destroyed by acids than by alkalies. Rideal, therefore,
considers it feasible to employ acids as germicides. He states that
Stutzer found 0.05 per cent acid solutions fatal to bacteria in twenty-
fourhours; that Ivanoff found that 0.04 per cent t00.08 per cent of acid
destroyed the cholera germs in the sewage of Berlin and of Potsdam;
that Kitasato found 0.08 per cent of sulphuric acid fatal to typhoid
bacilli in fifteen minutes, and that he had himself obtained similar
results. To furnish 1,000,000 gallons of sewage with 0.08 per cent of
sulphuric acid requires 6,650 pounds of acid, costing approximately
$73. Smaller amounts of acid might be used, as it would be unnec-
essary to kill typhoid germs in so short a time as fifteen minutes; but,
on the other hand, most sewage contains a considerable amount of
free alkal which must be neutralized before any germicidal effect of

a Interim Rept. Royal Sewage Commission, 1901, question 8917, p. 502.
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the acid would be obtained. This process consequently would seem to
be impracticable except in emergencies. It is interesting to note that
the sewage of Worcester, Mass., contains normally an average of 0.01
per cent of free sulphuric acid, or half enough to kill cholera germs in
twenty-four hours.

OZONE.

Ozone hag been used more or less successfully in Germany, particu-
larly at Weisbaden, for sterilizing drinking water. Though the proc-
ess has been most favorably commented on by those in immediate
charge of the investigations, it has not been generally regarded as
successful. The possibility of procuring a satisfactory effluent by
this process, when the water is that of a highly-polluted river is be-
yond question, but whether the process can satisfactorily treat a sew-
age effluent of considerable turbidity has not.been determined.
Rideal calls attention to the fact that ozone is but sparingly soluble
in water, and on that account it might fail to penetrate the solid
masses in the effluent, since the rate at which a dissolved gas will
penetrate solids in a liquid is a direct function of its solubility. The
principal cause of failure of the ozone process, however, seems to be
its expense. If this be true in waterworks it is hardly possible that
such treatment could be applied to sewage effluents as an additional
safeguard after purification. Data are not at hand for estimating
the cost of applying ozone treatment to sewage effluents, but besides
the cost of operation there is the very considerable cost of installing
the necessary machinery and towers.

CHLORiNE AND ITS COMPOUNDS.
GERMICIDAL ACTION.

Chlorine is well known as a powerful germicide. As a bleaching
agent it acts on organic coloring matter indirectly by means of the
free nascent oxygen which it liberates from the water in which it is
dissolved, and it is probable that its germicidal action is similar. In
other words, chlorine and ozone owe their germicidal power to the
same thing—nascent oxygen. Chlorine, however, has the advan-
tages of being cheap, of being more readily soluble, and of being
obtainable in compounds that are easily transported and handled.

CHLORINE GAS..

Until within a few years chlorine has been manufactured commer-
cially by the Weldon or some similar process. In the Weldon process
hydrochloric acid is made to react with a complex mixture of man-
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ganese hydroxide and lime—‘“Weldon mud”—the reaction being
essentially

MnO, + 4HCl = MnCl, + 21,0 +Cl,,

though in reality it is much more complex. Recently, however,
electrolytic processes have been developed, by which the cost of
manufacture has been materially reduced, particularly where cheap
water power is available. Chlorine prepared by the mixing of com-
mon salt, an acid, and a suitable oxidizing agent was used in England
as early as 1800 by Cruikshank, who recommended manganese
dioxide and potassium bichromate as oxidizing agents. The objec-
tions to the use of gaseous chlorine are chiefly the cost of transporta-
tion, the difficulty and danger of handling the gas, and the difficulty
of measuring accurately the amount of gas added to the effluent.
Furthermore, in disinfection free chlorine is not so efficient as the
hypochlorite.

Available chlorine, a term frequently used in the discussion of
chlorine disinfection methods, is determined by titrating a solution
with arsenious acid, or with some other reducing agent, and it
represents in reality the oxidizing power of the substance expressed
in terms of chlorine. For example, hypochlorous acid in the pres-
ence of a reducing agent is decomposed according to the following
equation:

HCIO=HCI+O0.

The oxidizing power of this acid, or the available chlorine, is, there-
fore, two hydrogen equivalents per molecule, which is twice its total
chlorine content, a fact that makes the term available chlorine a
misnomer, but it has come into general use in the chlorine industries
and it is a convenient expression. In this article it signifies oxidizing
power, determined against arsenious acid, and expressed in terms of

chlorine.
HYPOCHLORITES.

Use in disinfection.—Chlorine is handled commercially in the form
of bleaching powder, or chloride of lime—an impure product com-
posed largely of calcium hypochlorite. Bleaching powder or “bleach”
containing from 35 per cent to 40 per cent of available chlorine can
be obtained in the market. The hypochlorite dissolves in water,
leaving a residue composed chiefly of calcium hydrate and calcium
carbonate. Hypochlorites in general are made by adding chlorine
to caustic alkalies. Bleaching powder is made by passing dry chlo-
rine gas over freshly-slaked lime. It is manufactured in this country
in large amounts, the chlorine being obtained by the electrolysis of
salt. Abroad the chlorine is made by the older methods, and much
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foreign bleach is sold in this country in competition with the electro-
lytic product. ‘“Eau de Javelle” and ‘“Labarraque’s solution” are
solutions of:-sodium hypochlorite. ‘Chloros,” a commercial prepara-
tion of sodium hypochlorite, contains 10 per cent by weight of avail-
able chlorine. :

Hypochlorites have long been recognized as powerful and efficient
disinfectants. The sodium and potassium compounds have not been
generally used on a large scale because of their relatively high cost
and the difficulty of preparing and keeping them in the dry state,
but calcium hypochlorite has been extensively employed. The first
Royal Sewage Commission of Great Britain used it in deodorizing
London sewage in 1854.2 The committee of 1885 of the American
Public Health Association found it to be the best disinfectant availa-
ble, cost and efficiency considered. It was used by Dibdin ® in 1884
to deodorize the sewage of London, but it was not successful for that
purpose and was later abandoned in favor of sodium permanganate.
Its action on specific bacteria was studied by Nissen ¢in 1890. The
use of bleaching powder as a sewage disinfectant has been more
extensively studied in Germany than elsewhere. At the Hygienic
Institute of Hamburg investigations have been made by Proskauer
and Elsner, Dunbar and Zirn, Dunbar and Korn, Schumacher, and
Schwarz. At the Royal Testing Station in Berlin, Kranepuhl and
O. Kurpjuweit have each reported investigations.

Hamburg experiments.—Proskauer and Elsner ¢ experimented at
Hamburg with sewage which had been clarified by the Rothe-Degener
system. They obtained satisfactory disinfection with chloride of
lime, using concentrations of chlorine ranging from 2.7 to 4.0 parts
per million, and ten minutes exposure sufficed practically to eliminate
B. coli. Dunbar and Zirn ¢ treated crude sewage and, in common
with later workers, they imposed much more exacting standards of
disinfection and used much greater concentrations of chlorine.
After having employed cholera germs as test organisms, they con-
cluded that the satisfactory disinfection of crude Hamburg sewage
would require 25 parts per million of available chlorine and an exposure
of two hours. Dunbar and Korn ¢ studied the disinfection of crude
sewage with special reference to its subsequent purification on bio-
logical filters. Schumacher” investigated the problem of disinfecting
hospital sewages that had not received any previous treatment. In a

a Second Rept. Royal Sewage Commission, London, 1861.
b Dibdin, W. J., Jour. Assoc. Eng. Soc., vol. 40, 1908, p. 310.
¢ Zeit. Hyg., vol. 8, 1890, p. 62.
d Vierteljahrsschr. ger. Med., yol. 16, 1898, Suppl. Heft.
e Ges. Ing., vol. 27, 1904.
- f 1dem, 1905.
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preliminary set of bottle experiments he obtained the following
results with the sewages of three hospitals.

TABLE 3.—Disinfection of .three crude hospital sewages with chloride of lime.

[Schumacher.]

[
,  Bacteria per cubic centimeter.
|

lInitia.l con- | Initial con- | Initial con-
tent: :

Hours of tent: n
23,000,000. | 37,000,000. | 21,000,000.

contact.

Concentration of chloride of lime.

| Atter treat- | After treat-| After treat-
| ment. ment. ment.
B | . -
[z o om em
\ 4
TET000 o \ 6 200 100 20
I 24 160 20 60
/TR 1
25,000. 0o K - fred
| i - oo M
L2200 oo ! g 20 . 60
| 6 20 20 20
; 2 60 2 80
T21,000. - oo 1 120 10 180
| 6 ] 40 40 |l

The amount of available chlorine in the chloride of lime used in
these experiments is not stated, but it was probably not far from 30
per cent. On that assumption the concentration of available chlorine
in the four sets of tests would be 43, 60, 150, and 300 parts per million,
respectively. The high initial numbers indicate a very strong sewage.
It is also worthy of note that the reduction in the number of bacteria
with only 43 parts of chlorine is much greater than would be demanded
in ordinary practice. Disinfection on a large scale was also conducted
by the same investigator at two hospitals. After a storage period of
two hours samples of one liter each were tested for B. coli. With a
concentration of 1:2,000, or about 150 parts per million of available
chlorine, B. coli was isolated from a liter of water in only 6 samples
out of 43, not being found in 88 per cent of the samples tested. With
chloride of lime in the proportion of 1: 5,000, or about 60 parts per
million of available chlorine, B. coli was destroyed in 62 per cent of the
samples in two hours and in 64 per cent of the samples in four hours.
Schwarz @ called attention to the fact that excessive amounts of
disinfectant are necessary on account of the large floating particles, a
point previously commented on by Schumacher. Schwarz proposed,
therefore, that all sewage should be carefully screened before disin-
fection in order to remove particles exceeding three millimeters in
diameter. The screening of hospital sewage should be even more
complete, removing particles exceeding one millimeter in diameter.

@ Ges. Ing., vol. 29, 1906, p. 773.
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During experiments at the Eppendorfer purification works, a sewage
flow of about 60,000 United States gallons a day was available, and a
tank holding about four hours’ flow was used. As information was
especially desired regarding the effect of the treatment on the cholera
vibrio, an emulsion of another vibrio (Leuchtvibrionen) was added to
the sewage at a regular rate before treatment, after it had been deter-
mined that this test organism would not only pass through the tank
but would persist for days in the filters. Table 4 summarizes the
results.

TaBLE 4.—Disinfection of the crude screened sewage of Eppendorfer, Germany, with chlo-
ride of lime.

[Schwarz.]

Tests for vibrio in 1 cu- | Test for B. coli in 1 cu-
biccentimeter amounts.| biccentimeter amounts.| Final num-

ber of baec-
Concentration of chloride of lime.a Number of Number of t%r.ia pert.
" Total num-| NWLPEL 01| qoa) nym-| NUmMber of jeuoie centi-
beroftests, POSILIVe | poroftess.| POSitive | meter.d

tests. tests.

........................ 17 0 15

651 0 51 1 23

28 0 7 0 36

15 0 6 0 72

10 [ R R 3,620

8 S T 59,000
.................................................................................... 950, 000

a1:10,000 is about 30 parts per million of available chlorine, assuming that the chloride of lime contained
30 per cent of available chlorine.
b Initial number of bacteria per cubic centimeter, 1,3£0,000.

It was noted that a concentration of chloride of lime of 1: 2,000
materially affected the subsequent treatment of the disinfected
sewage in trickling filters. Oxygen consumed and ammonia in the
effluent were higher and nitrates lower than normal. An interesting
fact noted was the production of chlorates in the filter, over 10 parts
per miilion being recorded at one time. Schwarz concluded that
sewage can be satisfactorily disinfected with chloride of lime after
having been carefully passed through one miilimeter mesh screens.
One part in 5,000 (60 parts per million of available chlorine) was
considered necessary for the destruction of typhoid germs and from
one part in 7,000 to one part in 10,000 (30 to 40 parts of available
chlorine) for cholera vibrio. The disinfected sewage can be sub-
sequently purified without previous neutralization of the disinfectant.

Berlin experimenis.—At the royal testing station in Berlin the
subject of sewage disinfection has been studied by Kranepuhl® and
by Kurpjuweit.? XKranepuhl undertook to determine the concentra-
tion of chloride of lime and the time of contact necessary to destroy
the colon bacilli in crude Berlin sewage. ~These bacilli numbered

a Mitteilungen aus der Konighlichen Prufungsanstalt fiir Wasserversorgung und Abwisserbeseitigung zu
Berlin, vol. 9, 1907, p. 149.
bIdem, p. 162.
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about 100,000 per cubic centimeter. They were considered an
index of the pathogenicity of the sewage, because they are more
numerous and more resistant than the pathogenic forms. The
bleaching powder employed contained available chlorine ranging
from 25 to 35 per cent. One liter samples of sewage were treated
with the desired amounts of chloride of lime, and at the expiration
of the specified time the remaining -available chlorine was deter-
mined and was then neutralized with sterile sodium thiosulphate.
Nutrient broth was then added to the entire liter sample, after which
the sample was incubated. B. coli was sought in the incubated
sample by the usual means, and confirmatory tests for it were made.

Kranepuh!’s results are summarized in Table 5, in which positive
tests mean that B. coli was found in 1 liter.

TaBLE 5.—Disinfection of crude Berlin sewage with chloride of lime.

[Kranepuhl.]

{
B. coli in liter samples.
Available
chlorine (in| Time of
parts per | exposure. | Number of | Number of | Per cent of
million.) samples positive positive
tested. tests. tests.
Hours.
50 2 20 11 55
50 4 9 2 22
60 2 17 6 35
60 4 6 3 50
150 2 19 4 21
150 4 10 1 10
300 2 16 1 6
300 4 7 0 0

Kurpjuweit® studied the. penetration of solid particles by the dis-
infectant. IHe made test cubes of gelatine having a volume of about
10 cubic centimeters, which he immersed in solutions of chloride of
- lime for definite times, then removed and melted in warm water,
after which he determined the available chlorine. He found the
amount of available chlorine to be a regular function of the time of
exposure and of the concentration of the solution. The most striking
fact noted was the small quantity of chlorine actually absorbed.
For instance, a cube that had been immersed for ninety hours gave
a mean concentration of chlorine within its own volume equal to
but 1 per cent of the concentration of the solution. There was also
shown to be a chemical combination between the chlorine and the
gelatine. In order to determine whether such chlorine was active
in “disinfection before it became combined, similar gelatine cubes,
inoculated with B. coli before setting, were immersed for two hours
in solutions containing from 60 to 3,000 parts per million of available
chlorine. The results in Table 6 were obtained.

aLoc. cit.
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TABLE 6.—Destruction by chloride of lime of B. coli embedded in gelatine.

[Kurpjuweit.]

Number of
B. coli re-
maining in 10
cubic centi-
meters after
2 hours.

Concentration of solution (average available chlorine in parts per million).

The value of these results in.practical work is problematic for several
reasons. The cubes employed are much-larger than the particles that
should be in any sewage to be disinfected, and the character of the
material is still more significant, because cubes of solid gelatine do
not represent in any way the porous, semisoluble masses that occur
in sewage. The question of penetration is an important one, and
there can be no doubt that the practical efficiency of disinfection
processes is limited by the ability of the disinfectant to penetrate
small, solid particles that may be in the sewage. This point has
been illustrated in a practical manner by Kurpjuweit’s experiments.
Four samples of crude sewage were screened through sieves having
openings 2, 5, 7, and 10 millimeters in diameter, respectively. Four
portions of each of the filtrates thus obtained were then treated with
chloride of lime, so proportioned that the available chlorine was 150,
300, 600, and 3,000 parts per million, respectively. In the sewage
that was screened through a 2-millimeter mesh, 150 parts per million
of available chlorine destroyed all the B. coli in four separate liter
samples, while the same concentration of chlorine destroyed the B.
coli in only 5 out of 8 liter samples screened through the 10-millimeter
mesh. Indeed, 3,000 parts of available chlorine were required to
remove completely the B. coli in the samples screened through the
10-millimeter mesh.

It should be noted that the investigators at Hamburg and at Berlin
dealt wholly with crude sewage. Even when purification plants are
in operation the disinfection is invariably applied first. No good
reason for this procedure is obvious, unless it is that preliminary sedi-
mentation tanks are available and supplementary tanks are not. In
Germany the method of operation is possibly justified by the fact
that the processes are being studied in order that they may be adopted
for temporary use during epidemics, and it is not proposed to practice
disinfection regularly. The expense of treating crude sewage, how-
ever, is at least twice that of treating a well-purified filter effluent.
The very high standards that have been established for this work are
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also of interest. It is proposed so to treat a sewage containing over
100,000 B. colv per cubic centimeter that the number of that kind of
bacillus will be reduced to less than one in a liter. The result can
bardly be expressed in per cent purification, and it is proper to inquire
why such severe standards are employed. If the number of colon
bacilli were reduced even to one per cubic centimeter, it would mean
a reduction of 99.999 per cent. It may safely be inferred that the
number of typhoid and cholera germs would be reduced in about the
same ratio, and furthermore that the number of typhoid and cholera
cases due to the discharge of this sewage would be similarly decreased.
In other words, if such disinfection were generally adopted, 99,999
cases of disease out of every 100,000, which are due, directly or indi-
rectly, to sewage pollution, would be eliminated. Such reduction
would seem to be very satisfactory, and yet it is proposed to improve
this a thousand fold by insisting on an elimination of the colon
bacilli from 1-liter samples, thus making the cost so great that it
practically prohibits the use of the process, except for short periods
during serious epidemics. It is well worth considering whether a con-
tinuous removal of 99 per cent of the disease germs is not a better
safeguard of the public health than an occasional complete removal
during epidemics.

Ezxperiments at Bengal, India.—The government of Bengal 2 in 1904,
appointed a commission to report on the pollution of Hooghly River
by the effluents of septic tanks. Though the commission decided
that the physical and chemical pollution of the river by the effluents
was improbable, as sufficient dilution took place at all seasons to pre-
vent any nuisance, bacterial purification of the effluents was deemed
advisable. Experimental sand filters and copper sulphate disinfec-
tion satisfactorily removed the germs, but substitution of chloride
of lime for the copper salt accomplished the same result at much less
expense.

A septic tank installed near Calcutta was connected with a
public latrine serving about 2,000 persons. From 400 gallons to
2,500 gallons of septic-tank effluent were daily treated with various
amounts of chloride of lime, the available chlorine in which ranged
from 20 to 60 parts per million. The numbers of bacteria initially
present were not determined, but the final numbers are sufficiently
low to indicate a satisfactory treatment. Furthermore, it was
shown that increasing the concentration of the chlorine beyond a
certain limit has very little effect on the residual bacteria. The
results of this work are summarized in Table 7.

aIndian government resolution on the working of septic tanks. Calcutta, January 6, 1906.
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