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The Purification of Sewage. 
By R. Boan, read before the M.U.E.S. 

Mr. President and Gentlemen, 

I have the honour to address you upon the subject of Sewage 
Disposal. 

Even at the risk of being tedious (in the light of the mass 
of literature now available on the subject) I propose to briefly 
outline the history of sewage disposal. I take it that it is not 
now necessary to spend much time in discussing the question 
from the view point of—is sewage disposal necessary? 

No form of life—not even the protoplasmic particle we call 
a bacterium—is able to live and flourish whilst surrounded by 
its own waste products, whether it be in the case of the faeces 
of an animal, or the metabolic products of a microorganism. 

The earliest sanitary laws we know of were those of Baby-
lon and other ancient civilisations. 

In Biblical history we find similar laws. In Deuteronomy 
there is a law stating that all dejecta and refuse from the camp 
of the Israelites was to be buried, following the natural in- 
stincts of the carnivora. 

This burial of sewage was excellent so long as tile pollution 
was small, because quick putrefactive action was carried out, 
all albuminous matter was reduced to ammonia, which was 
mineralised (oxidised) by the nitrifying bacteria in the soil 
and converted into harmless mineral salts—Nitrates. 

In time, however, as the pollution increased, stagnation oc-
curred, and the organisms being surrounded by their own 
products of metabolism, were retarded, a nuisance was created. 
The immediate remedy was migration. Such a method, how-
ever, was only applicable to early times and when the nomadic 
tribes began to settle in towns and cities, another remedy had 
to be found. 

Baldwin Latham in his work, " Sanitary Engineering," gives 
historical notes which show that wherever civilisation advanced 
to any degree of refinement, sanitary measures were invariably 
adopted. 

Alexandria, Carthage, Herculaneum, Jerusalem, Nineveh, 
Rome, and many other cities had a complete system of sewers 
and water supplies. 

In the sewerage of the Temple of Jerusalem, Latham states 
"that the drains leading from the Temple and probably from 
the city, discharged into a pit which connected with another 
pit, formed for the purpose of receiving the liquor from the 
first pit, in order that the manure in it might become sufficiently 

dessicateci to be in a fit state for removal by the gardeners who 

purchased it." 
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" The liquid matter after leaving the lower or second pit was 
then used for the purpose of irrigating the King's gardens." 

" From this description we learn that the sewage was col-
lected into tanks—the solid matter was removed from them 
and sold—and the liquid was afterwards used for the purpose of irrigation." 

" The ruins of Pompeii show very clearly that latrines which 
were supplied with water existed, and from which drains 
almost fac-similes of our present E.W. pipe drains conveyed 
away the polluting matter." 

century." " Cess pools appear to have been first used during the ninth. 

" In the eleventh century excavations made in the Abbey of 
Paris revealed the fact that there existed at that period 

`pits without any bottom'—doubtless intended to receive faecal matter." 

" Then there was a period in history when both art and 
science declined, and with them, the prosecution of those sani-
tary works which were of so 'beneficial and useful a character; 
in fact, the benefits derivable from sanitary science seem to 
have been forgotten and ignored, and the people sank to the 
lowest depths of sanitary neglect from 
voices of plague—.typhoid and cholera—wer

e  the the  first to arouse them."—Latham. 

In the feudal castles of the twelfth century the latrines were 
constructed at the top of, or in other positions on the outer 
walls—the chamber being carried out on corbels so as to over-
hang, in order to secure a clear fall for the faecal matter and 
other refuse into the fosse of the castle.—Latham. 

Until well into the nineteenth century the sewage problem 
was one of which little or nothing was heard, every man dis-
posing of his filth as best he could. 

Cesspools for fecal matter were either recommended or tol-
erated by the authorities, but it was generally left to the in-
dividnal householder to dispose of the contents. 

Fczcal matter and domestic refuse were allowed to accu-
mulate near the dwellings, either above or below ground, and 
to sink into the soil; where this was not possible it was carted' 
away to the land. This gave rise to very objectionable condi-
tions in the thickly populated districts and towns. 

Water closets were invented in the year 1810, or, more 
strictly speaking, reinvented (see Baldwin Latham's book re drainage of Pompeii). 

Their use, however, was first limited to carrying the sewage 
from the houses into the cesspools—but the increased volume 
of water to he dealt with no doubt gave trouble, because later 
we learn that householders found it was more convenient and 
less costly to provide the cesspools witb overflows leading into 
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the street drains, and often the water closets were connected 
direct to the drains in the public streets. 

The nuisance was thus removed from the houses into the 
public streets, and these drains were led into the nearest water-
course, creek, or river. 

The rivers were able to cope with the ordinary street 
drainage, but were unable to prevent pollution of the streams 
by the added sewage, and as a result of complaints, there arose 
the third stage of the sewage problem, which is that of to-day. 

Professor Dunbar in his work, "Principles of Sewage Treat 
ment," says, "that so far as can be judged from the literature 
and official documents, the question of sewage purification, was 
first raised in 1842 by the English authorities in a report by 
Sir E. Chadwick on the health of the working classes." 

" Mention is there made of the Craigentenny meadows, near 
Edinburgh, which are said to have been the first used. for irri-
gation purposes." 

On to these meadows the sewage of a part of Edinburgh' 
flowed by open rubble drains, and it was observed that where 
the sewage discharged 'the grass grew very luxuriantly, and 
ditches were dug in all directions in order to get the sewage 
on to the sterile patches." 

" The value of these observation's lay in the fact that even 
in damp climates sewage could be dealt with on land for many 
decades without the latter losing its efficacy as a purifying 
agent."  

As a result of the Craigentenny experience similar works; 
were carried out at other places with success, and sewage irri-
gation was acknowledged to be the most rational method of 
disposing of sewage from towns and cities." 

In 1857 a Royal Commission, appointed to inquire into the 
possibility of utilising town sewage, reported after eight years. 
of investigation, that the proper method, of sewage disposal 
was by land treatment, and that only by this method could the. 
Pollution of rivers be prevented; and further, that in some-
cases the financial results of land treatment yielded a profit. 

This method of disposal is called " Broad Irrigation."' 
R ideal in 1906 estimated that the sewage from loo to 500  
persons per acre per day could be treated on loamy gravel, and-
with stiff clay not more than 25 persons. 

The next phase of the problem of disposal was the chemical 
treatment of sewage. In a report by Austin, the Chief In-
spector of the General Board of Health, dated 1857  (Dunbar), 
he recommended the preparation of a compost from the solid, 
matters separated from the sewage by the use of precipitants, 
of which he mentioned lime, either alone or used in conjunction 
with sulphate of alumina, sulphate of iron, magnesia, charcoal. 
etc. 
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He regarded the action of chemical precipitants as simply 
an aid to the separation of suspended matter from the sewage, 
and was of opinion that these suspended matters should be 
removed from sewage before its application to land. 

Up to this time it had been concluded that neither mechanical 
nor chemical methods could render sewage non-putrescible, 
and that only by land treatment could serious nuisance be 
avoided. 

Sir Edward Frankland, however, was the first to submit 
questions relating to sewage treatment to scientific investiga-
tion. Frankland conducted experiments with a view to in-
creasing the volume of sewage which could be treated on a 
definite area of land. He showed that if the sewage was ap-
plied in comparatively small doses, and each dose allowed to 
trickle away before the application of the next dose, that arti-
ficial sand filters did not choke up. He named this method 
" Intermittent Filtration." Compared with broad irrigation, 
the volume of sewage treated per unit of area was increased 
by this system from 5,000 to 10,000 gallons per acre per day 
to 50,00o to 100,00o gallons. 

" Frankland's recommendations found little sympathy in 
England, but in the United States of America his method was 
made the subject of extensive studies, and has formed the 
starting point of the artificial biological processes of to-day." —Dunbar. 

In 1886 the Massachusetts State Board of Health passed an act for the prevention of river pollution, and 
established  an 

experimental station at Lawrence, U.S.A., which has become 
world-famous. 

The London authorities became aware of these experiments 
and had them repeated with satisfactory results. In 1892 
Santo Crimp constructed experimental filters, and in 1896 
Dibden constructed the first contact filter beds at Sutton, a 
small town near London. 

Having given the foregoing historical facts, which have been 
freely extracted from the authorities, I now propose to address 
you on the Disposal of Sewage by Bacterial Processes more 
particularly—the so-called Septic Tank process, and that we 
may better understand the operation of this method of disposal 
it will help us if we first analyse the sewage material which is 
to be treated. 

" The Sanitary Demand for Sewage and Sewage Disposal." 

This has been admirably expressed by Kinnicutt, Winslow 
and Pratt, in their work, " Sewage Disposal," thus :- 

" The human body is a biological machine which requires 
food for fuel, and which produces in its operation a consider- 
able amount of waste material—like the ash from a furnace—
this waste consists partly of mineral matter, and partly of in-
completely oxidised fuel. 
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" The excretions of the kidneys representing the end prod-
ucts of cell metabolism, still contains a large amount of organic 
matter in the form of urea—the discharges from the alimen-
tary tract consist largely of undigested or partially digested 
foods which have not been absorbed by the body. 

All these substances undergo further change after they are 
excreted from the body, breaking down into simpler and

more 
re 

stable compounds, and during this change 	
o ndxiou 

formed which are characterised by the penetrating  

odors of putrefaction. 
Besides the organic waste materials from digestion and ex-

cretion, the excreta contains a host of living microscopic or-
ganisms, and this fauna and flora are of even greater  tpracsubl 
i mportance than the lifeless substratum upon 

 

sist. 
The surfaces of the human body, within and without, are 

parasitised by micro organisms which find the most favourable 
conditions for multiplication in the digestive tract. Mackeal, 
Lutzer and Kerr (1909) report an average of thirty-three 
million bacteria per day in the faeces of normal adult man. 

Most of these parasites are harmless, putrefactive forms, 
but in the excreta or urine of a patient suffering from typhoid 
fever, dysentry, cholera, or any other intestinal malady, the 
specific germs of the disease may at any time be present. 

The discharges from the alimentary canal and the kidneys 
do not, of course, exhaust the catalogue of human wastes. The 
washings of the outer skin and the linen, the wash water from 
cooking and house cleansing are included in the wastes from 
the household. In more closely settled communities, street 
washings and the wastes from industrial 

establishments   are 
 

also added. The important constituents in every c  e are vtle 
intermediate products of organic decomposition, 

plus 

micro-organisms which may at any time include specific patho- 
genic forms.—Kinnicut.  

Speaking generally, an average water carried sewage from 
a residential town will be composed as follows (Kinnicut) :- 

Solid Matter, 200 to Boo parts per Million.  
Mineral, 50%. In solution, 75%; in suspension, 25% 

 

Organic, 50%. In solution, 6o%; in suspension, 40%. 
 

The mineral matter present consists chiefly of sand, clay, 
iron and aluminium oxides, the chlorides, carbonates, sul-
phate, and phosphates of the alkalies (soda and potash) and 
alkaline earths. 

	substances may be 
The vegetable and animal (organic) 

substances  
divided into compounds which contain nitrogen and compounds 
free from nitrogen. The nitrogenous compounds are princi-
pally urea, proteids, amines, and amido acids. The non-nitro- 
genous compounds 	p

are carbo-hydrates (sugar, celluose, etc.), 

fats and soap. 
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The organic matters, chiefly through the action of bacteria, 
undergo more or less decomposition, and to follow these 
changes it is necessary to have a knowledge of the composition 
and properties of these substances. 

Urea—the chief constituent of urine—is a compound CO(NH2 ) Z, is readily converted into ammonium carbonate by 
the urea fermentation, and is due to several organisms ubi-
quitous in nature, i.e., the Bacillus Urea and the Micrococcus 
Urea, which have the power of producing the fermentation, and 
which is a typical hydrolysis, i.e., decomposition. It is this 
decomposition of ammonium carbonate into ammonia .and 
.carbon dioxide which gives rise to the characteristic odor of 
urinals, stables, etc. 

The Proteids or albumenoid substances form the principal 
constituents of the animal organism—they all contain carbon, 
oxygen, and nitrogen—some contain sulphur, such as cabbage 
stalks and the like, some contain iron and phosphorus. 

The Carbohydrates 
include starches, sugar, celluose and wood fibre. 

The Fats are more stable than the other organic matters and are not easily broken down by bacteria. 

Soaps.—These are only slightly acted upon by bacteria. 
The following table shows the various matters usually en-countered 

SEWAGE, 
Urine. 	 Foeces 

Urea 	Cellulose 
Salts 	Partially digested bodies 
Water 	Amines, etc. 

Salts 

Household Wastes 
Kitchen water 
Vegetable waters 
Greases and soap, etc- 

The decomposition of these substances is called Biolysis---a 
breaking down from the complex to the simpler form, and 1s 
divided into 

A. Putrefactive changes, 
B. Final oxidation or nitrification changes. 

This decomposition of organic matter is chiefly brought 
about by bacteria, or by substances formed by bacteria.— 
Enzymes. 

Just as nature has produced a nuisance, she has also supplied 
a remedy. During the progress of bacteriology it has been 
shown that putrefaction, fermentation, and other processes are 
directly dependent upon the action of yeasts, moulds, and 
bacteria. 

If we had not micro-organismal action, there would be no 
way of disposing of dead matter. It would lie around about 
us and take years to disappear. Thus we see what we owe to 
the beneficent microbe. 



December, '913. THE VARSITY ENGINEER. 	 15 

it can be shown in the laboratory that a very complex or-
ganic compound is capable of rapid decomposition by the aid 
of bacterial enzymes into simpler and less putrescible sub-
stances. An ideal decomposition may be represented by taking 
albumen as an example :- 

4C8 H18 N2  0, + 14 1120 = 4N2 19 CH4  + 13CO2  2H, 

That is from the hydrolysis of albumen we obtain nitrogen, 
carbon dioxide, methane, and hydrogen. 

in practice, of course, we cannot obtain so perfect a decom-
position, but we approach it as nearly as possible. 

In the purification of sewage the aim must be that of de-
composing the organic matter as quickly and completely as 
possible. 

We now come to the actual disposal of the sewage. One 
thing is certain—we must follow all the facts of bacteriology, 
and give the bacteria their requisite conditions. 

It has been shown that the decomposition of organic matter 
is chiefly brought about by bacteria—or by substances formed 
by bacteria (enzymes), although one school of Sanitarians 
deny absolutely that bacteria play any part in the scheme; but 
this view may be discussed later. 

We cannot dispose of sewage by hydrolysis—or by oxidation 
—separately, but we must allow both processes to take place 
in due course. They cannot act simultaneously on the same 
mass of sewage, because bacterial hydrolysis can only take 
place in the absence of air, whilst oxidation requires as much 
.air as can be supplied. 

In parvo the sewage must be liquified by hydrolysis with the 
aid of anaerobic organisms, and must be oxidised and nitrified 
by ærobic organisms. We see, then, that essentially there are 
two main points of the apparatus—the anaerobic and ærobic. 
To study the process it is well to take the example of a sewage 
which is to be taken by a sewerage system to disposal works. 
The first changes which take place in the sewage in its flow to 
the works are ærobic. In the sewers, oxygen, both atmospheric 
and dissolved in the flushing water, is present, and much of 
the urine is decomposed by the " Bacillus ureæ" into ammo-
nium carbonate. The ammonia remains in solution, and the 
carbon dioxide is evolved. A little nitrification of the ammonia 
may also take place, and it is from this cause that nitrates have 
been detected in moderately fresh discharges. 

This partially altered sewage now reaches the disposal 
works, of which the following is a brief description :—The 
anaerobic treatment of sewage, which produces the liquefaction 
of solids, preferably takes place in a tank constructed in such 
a manner that the velocity of the sewage when entering it is 
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so reduced that the solids are deposited, and the fatty matters 
rise and form a scum on the top. This is most valuable, as 
it forms a thick mat, and prevents direct escape of gases or in-
flow of any air. Beneath this scum two actions take place. The 
tank is the so-called septic tank. In the first few hours 
anærobic action takes place, and hydrolysis of the solid sewage 
is the result. It is liquified ; albuminous matters, cellulose and 
fats are changed by enzymes of the Bacillus Amylobacter, the 
sewage proteus and many other anærobic bacteria into soluble 
nitrogenous and simpler carbon compounds, such as phenol 
and indol. The fermentations occurring in the first hydro-
lyctic part of the process may be chemically classed as follows: 

(i) The solution and decomposition of albuminous bodies. 
(2) The fermentation of urea. 
(3) 

The fermentation of the amido-compounds from the 
albuminous bodies. 

(4) 
The formation of organic acids and the fermentation 
of their salts. 

(5) Cellulose or menthane fermentations. 
(6) The fermentation of carbohydrates. 
(7) Decomposition of fats. 
(8) 

The formation of small quantities of sulphur com-
pounds, like hydrogen sulphide, mercaptan, etc. 

Much gas, consisting chiefly of methane nitrogen, and hy-
drogen (about half a cubic foot per too gallons of sewage), 15 
evolved in the tank, and in large installations the gas is col-
lected, purified, and used for lighting and other purposes. The 
following is a typical analysis of the tank gas :- 

Carbonic acid 
Marsh gas .. 	. . 

.. 	5.32 

. .. 	.. 	2I.25 
Hydrogen .. 	.. 	.. 	.. .. 	.. 	12.52 
Nitrogen 	.. 	.. 	.. 	.. .. 	.. 	60.00 

Even in moderately sized installations the gas generated may 
be sufficient to drive a small engine for pumping the sewage 
from a receiving well. As the sewage is nearing the end of its 
stay in the tank, further action takes place, and the phenol and 
indol, fatty acids and amido compounds are converted into 
much less complex matters. Much ammonia is formed, and a 
little nitrate from the inter-action of nitrous acid Iiberated with 
any base present in the water supply. According to Rideal 
we may summarise the order of the changes as follows:— 

t 
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Initial. 

Transient aérobic 
changes by the oxygen 
of the water rapidly 
passing to 

First Stage. 
Anærobic liquefaction 
and preparation by hy- 
drolysis 

Second Stage. 
Semi Anærobic break-
ing down of the inter-
mediate dissolved bodies 

Third Stage. 
Complete ration 

Substances dealt with. 

Urea, ammonia, and 
easily decomposable 
matters 

Albuminous matters, 
cellulose and fibre fats 

Amido compounds, fatty 
acids, dissolved resi-
dues, phenolic bodies 

Ammonia and carbona-
ceous residues 

Characteristic Products. 

Soluble nitrogenous 
compounds, phenol de-
rivatives, gases, ammo-
nia. 

Ammonia, nitrites, 
gases 

Carbon dioxide, water, 
and nitrates. 

Usually a given mass of sewage takes from 8 to 24 hours 
to pass through the septic tank, according to its strength; but 
as will be seen later, this period may be lengthened to 3 to 4 
days for very concentrated sewages. Time must be given for 
incubation and bacterial action. As a general rule, the tank 
is made large enough for half a day's supply, and in order to 
allow time for the solid matter to settle as the sewage flows 
slowly through, the tank is made three or four times as long 
as broad. It is desirable that the sewage should enter and 
leave the tank with as little disturbance as possible, and to 
serve this end the inflow and outflow are practically on the 
same level. The velocity of the sewage is limited to about 
three feet per minute, by which sedimentation is effected, and 
it follows that the whole of the suspended solids are precipi-
tated before travelling far from the inlet end of the tank. These 
solids falling on the floor of the tank, remain subject to the 
attack of the micro-organisms, and are partly rendered soluble. 
In time the particles become buoyant owing to the entagling 
of gas bubbles during the process, and rise to the top of the 
tank, forming a thick leathery scum. This scum is in a very 
high state of bacterial activity, the process of liquefaction pro-
gresses freely, and the matter which finally falls back to the 
bottom of the tank is a black powdery humus, quite inoffen-
sive, and of very small bulk when compared with the original 
suspended solids from which it is derived. For instance, in 
one case after is months' working, the whole deposit was. only 
8o C.Y. of sludge of 8o% moisture, whilst the original bulk of 
the suspended matter would represent, as sludge, boo cubic 
yards. 
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After the septicised liquid leaves the tank it is probably 
about half purified. The next process is the collection and dis-
tribution of the liquid on to the aerobic filter bed. Very many 
methods have been designed to effect this. In some cases the 
liquid is allowed to fill a tank filled with stone, coke, or coal, 
broken to a uniform gauge, washed free from dust and passed 
through a screen, %in. mesh, and retained on %in. mesh. 
After remaining in contact with the filtering medium for a 
predetermined period, the liquid is discharged by either manual 
or automatic means into the outlet drain, the action of dis-
charging one filter turning the liquid from the septic tank into 
another filter ; meanwhile filter No. z remains empty, this 
period being the mration period. Generaly, four filters are in 
use—the cycle being (I) filling, (2) emptying, (3) aerating—
standing empty--and (4) contact period—standing full. 

In other methods the liquid is continually falling in drops 
on to the filtering medium, by— 

(A) V-shaped channels laid level; the overflow fallin
g over 

the sides is caught by pointed irons and dropp
ed like 

fine rain on to the filter bed. 

(B) Discharged in drops from the arms of a revolving ap- 
paratus constructed on the principle of the Barker's Mill. 

In other methods the liquid is collected into a cistern, and 
at intervals of time automatically flushed by means of a syphon 
into a series of perforated pipes, the o enin s being fitted with 
spraying nozzles of the lawn-sprinkler t, 

	
g 

out like a street watering cart. 	
yPe, or simply sprayed 

Again, in some of the systems the liquid is caught by tipping 
buckets which are so arranged that each division is alternately 
filled and tipped out on to the filter bed. 

In each case the end sought is to deliver the septic liquid in-
termittently on to the top of the filter bed, which is usually a mound of ashes, coke, stone, or any material offering a large 
air surface; the main object must be that of encouraging 
aerobic nitrifying action. 

As the liquid trickles through the filter further anaerobic 
action is completely checked by the presence of air. It is most 
necessary to check anaerobic action at this stage; otherwise it 
would bring about reverse changes, resulting in severe com-
plications. The liquid would become as putrescible as, if not 
more so, than it was before. 

It must be remembered that in all artificial filters we only 
imitate the process which Nature performs for us in the land; 
in the case of land, however, it is only the first few inches 
which are usefully employed by the aerobic bacteria, whereas 
in the artificially constructed filter the whole of the depth can 
be employed if the filter is properly constructed. 
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The aerobic bacteria now commence their work. Ammonia 
is reduced to nitrites by the bacillus Nitrosmonas, and these 

in turn are oxidised to form Nitrates by the Bacillus Nitro-

bacter. Carbon compounds are oxidised to carbon dioxide and 

water. 

This last process is called nitrification. Shortly, it means 

that the Ammonical Nitrogen (free and albumenoid ammonia) 

is converted into Nitrous and Nitric Nitrogen. 

The classic experiments of Scott-Moncrieff at Ashtead, in 

1898, furnish us with an excellent illustration of the process 

by which sewage after liquifaction and subsequent treatment 

in aérobic filters is converted into harmless mineral salts. Scott-

Moncrieff arranged his filters so that nine trays were super-
imposed-the effluent from the liquefaction tank being tipped 

automatically on to the first tray through which the liquid 

trickled on to the second tray, and so on. Each tray was 2ft. 

long, 7 in. broad, and 7in. deep, filled with coke tin. diameter; 

between each tray a space of 2111. was allowed. The effluent 

was discharged at the rate of 1,300,000 gallons per acre per 
day,--the time occupied by the water in passing from the first 

to the last tray being from 8 to io minutes. The following 

table shows the conversion of the free and albumenoid am-

monia to Nitrous and Nitric Nitrogen.-Kinnicutt, p. 232. 

RESULTS OF TRICKLING FILTRATION THROUGH 

ig 

SCOTT-MONCRIEFF'S TRAYS. 

(Scott-Moncrieff, 1899.) 

Parts per Million. 

Effluents of- 

Cultivation tank 

First tray .. 	.. 
Second tray .. .. 
Third tray .. 	.. 
Fourth tray .. .. 
Fifth tray 	.. 	. . 
Sixth tray .. 	.. 
Seventh tray .. 

Eighth tray .. .. 
Ninth tray .. 	.. 

.. 

. 	. 
. 	. 

. 	. 

. 	. 

• 

. 	. 
.. 

. 
. 	. 
.. 

Nitrogen as- 
Oxygen 

consumed 
Free 	AlbuminoidNitrites Nitrates in 4 hrs. 

Ammonia Ammonia 	 at 80 Dgs. 
F. 

	

103.0 	12.3 	0.0 	1.2 	98.4 

	

86.5 	10.3 	9.9 	1.0 	66.9 

	

74.2 	8.2 	9.0 	4.8 	57.7 

	

41.2 	4.9 	7.8 	18.7 	44.9 

	

33.0 	2.9 	6.6 	27.6 	17.3 

	

12.4 	1.2 	4.8 	46.8 	12.8 

	

14.4 	2.9 	5.1 	44.2 	15.0 

	

2.9 	
2.5 	0.0 	66.o 	7.6 

	

1.7 	 0.0 	73.2 	4.0 

	

5.3 
 Slight tr. 90.0 	5.9 2.1 

It may be asked, " How can such profound changes be 
brought about during the short period of 8 to io minutes the 

liquid is trickling through the filter as in the above case. The 

best explanation the author can offer is that given by Professor 

Dunbar (Dunbar, p. 140), known as the Absorption or Collo-
idal theory of sewage purification. 
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" Frankland assumed that the dissolved organic matters were 
oxidised by the Oxygen of the air contained in the pores of the 
soil as the sewage percolated through. After the experiments 
of Schloesing and Müntz as well as those of Warrington and 
Winogradslcey, the action of the filters was explained by the 
Massachusetts experimenters to be due to the bacteria in the 
sewage and in the filter directly mineralising the organic 
matters during the slow flow of the sewage through the filter." 

" This was a possible explanation so long as it could be as-
sumed that the sewage remained for about three days in the 
filter, but when it was shown that the sewage left a aft. filter 
thoroughly purified within ten minutes, the above explanation 
fell to the ground." 

It does not appear to be possible for micro-organisms 
to 

decompose highly complex molecules of inorganic substances 
within a few minutes or seconds, with the formation of am-
monia and nitrogen gas, and oxidise these substances to Nitric 
Acid, organic carbon to Carbonic Acid, organic sulphur to Sulphuric Acid, and so on. 

Dunbar carried out experiments which demonstrated that 
the dissolved organic matters are first separated from the 
sewage during its passage through the filter and are retained 
in the filter to be decomposed and oxidised by the micro-
organisms (Nitrosomonas and Nitrobacter) during the suc-
ceeding periods of rest." (This last he calls the Absorption 
or Colloidal Theory of Sewage Purification). 

That we may better understand the process termed nitrifica-
tion, a brief outline of the Bacteriology of Intermittent Filtra- 
tion will now be given ; for further particulars, see Kinnicutt, 
pp. 232-235. 

Pasteur expressed the conviction-1862—that the process of 
nitrification would eventually be shown to be due to the activity 
of living organisms. This suggestion was verified in 1877 by 
Schloesing and Müntz, who proved that living organisms of 
some sort were the cause of nitrification. Warrington, Frank-
land, and many other observers, confirmed these results, but 
for a long time all attempts to isolate the actual organisms 
failed. Finally the Franklands succeeded in isolating from a 
nitrifying solution a short stout bacillus which formed nitrites, 
but which refused to grow on a gelatin media—Frankland, 1890. 

In 1891 Winogradsky showed that the change from Nitrous 
to Nitric Acid is due to the action of another group of organ-
isms (Nitrobacter) which can be grown on ordinary media only, 
with great difficulty, and which by symbiosis with the bacillus 
Nitrosomonas complete the nitrifying change. 

In nature the Nitrosomonas organisms are dependent upon 
ordinary putrefactive bacteria which set free their food supply —i.e.—ammonia, from its organic compounds. The Nitrate 
Formers only thrive in the presence of a porous inorganic 



December, 1913. THE VARSITY ENGINEER. 	 21 

substratum on which they can form their Zoo-glea films. In 
short, the filter beds are simply cultivation areas of the nitrify-
ing organisms. 

The Nitrate Formers—B Nitrobacter—are checked in their 
development by the presence of free ammonia and are de-
pendent upon the Nitrite Formers for protection against am-
monia—so also the Nitrite Formers are dependent upon the 
putrefactive bacteria for the formation of ammonia from more 
complex bodies. 

The principal requirements for the process of nitrification 
are :- 

(I) A porous substratum must be provided for the growth 
of the active organisms—B Nitrosomonas and B Nitrobacter. 

(2) The applied sewage must not be too strong. Nitroso-
monas development is checked by 0.05% free ammonia—i.e.-
50 parts per' 100,000. 

(3) An alkaline base must be provided to unite with the 
nitric acid formed, free acids (o.5%) stops nitrifying action. 
The base should be lime or magnesia in preference to soda and 
potash. 0.1—o.5% sodium nitrate retards nitrosification as 
against I% calcium nitrate. 

(4) Free drainage must be provided to remove the end 
products of the reaction. 

(5) There must be abundant oxygen to carry on the speci-
fied fermentations. 

In nature all organic matter is eventually converted into 
Nitrates, and it is only in this way that the nitrogen taken from 
the soil is restored to it. We thus see that the effluent from 
the ærobic filter will, to some extent, return the nitrogen to the 
soil if we use it for irrigation. 

Analyses of effluents show an appreciable quantity of nit-
rates present. Hereunder is a typical analysis. 

ANALYSES OF CRUDE SEWAGE AND FILTER 
EFFLUENT IN PARTS PER 100,000. 

Raw Sewage. Filtrate. 

Solids Dissolved .. 	.. 	.. 	.. 	. . .. 	97.03 97.83 
Solids Suspended .. .. 	.. 	.. 	. .. 	60.09 0.00 

Solids, Total 	.. 	.. 	.. 	.. 	.. 	. . 157.93 97.83 
Chlorine .. 	.. 	.. 	.. 	.. 	.. 	.. 	. . H.47 8.53 
Oxygen consumed .. .. 	.. 	. . 2.944 0.833 
Nitrogen, As Nitrite 	.. 	.. 	. . o.1o8 
Nitrogen, As Nitrate .. 	. . 3.330  
Nitrogen, As Free Ammonia .. 3.007 0.343 
Nitrogen, As Organic Nitrogen 3.115 0.39 

Total, Nitrogen .. 	.. 	.. 	.. 	. . 6.122 4.171  

Albumenoid Ammonia .. 	. . 0.493 0.147 
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Plan " P" shows a typical septic tank as designed by the 
author. 

' 

Fig. r. 

In the early stages of development it was assumed that prac-
tically everything sent into the tanks would be liquified, and 
the sludge difficulty be overcome, but, experience showed that 
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although generally a very satisfactory effluent could be ob-
tained, yet, the sludge problem was by no means solved. 

Usually the sewage in our case is a highly concentrated one 
—generally consisting of flush water, foecal matter, and the 
usual accompaniment of paper, cotton waste, etc.—the whole 
comprising a difficult enough material to treat; but even here 
one should not complain too much when he remembers the 
woes of the Sanitary Engineer in tropical countries where such 
things as bits of brick, hemp rope and the like are used by the 
natives. 

i4"6:tito ite rows 
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Fig. Ia. 

In consequence of the rapid sludging up of the first chamber 
when dealing with very concentrated sewage a series of tests 
were made, and these proved that complete liquefaction of the 
solids did not take place during the 12 hours cycle on which the 
tanks were designed—the evidence pointed to 3 or 4 days' tank-
age being necessary. It was evident that there were grave 
objections to an extension of the time during which the sewage 
would he retained in the tank, first because of the danger of 
offensive gases being generated and so giving rise to aerial nui-
sance—the very last desire of the engineer being the advertise-
ment of the fact that sewage is being treated, and secondly, the 
increased cost of the tanks—due to the provision of extra 
storage. 

As a solution of the difficulty it was decided to dilute the 
sewage where possible, and draw the sludge off at more fre-
quent intervals than was at first intended. The method by 
which the solids are withdrawn from the tank is simply the 
provision of a pipe dipping into the conical bottom of the first 
chamber and rising up to a valve chamber about two feet 
below the top level of the sewage in the tank. The sludge is 
forced into the pipe by the water pressure and easily runs out, 
its appearance being a somewhat viscous peaty mass, with a 
slight tarry odour. The sludge pipe discharges the liquid into 
sand filters, where the water drains away, or into furrows 
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ploughed into the soil. The sludge rapidly dries. No trouble 
has been experienced, and so far no complaints have been made. 

In the direction of sterilisation of hospital and other danger-
ous effluents, a further improvement has been effected by the 
use of calcium 'hypochlorite (ordinary chloride of lime), which 
is fed into the channel collecting the effluent from the septic 
tank so as to give a strength of 5 to 10 parts per 1,000,000 to 
the liquid being discharged on to the aerobic filter. Experi-
ments carried out by Mr. Farquharson Boan and myself showed 
that the addition of the calcium hypochlorite to the septic 
effluent did no injury to the aerobic filter, and by interposing a 
small tank on the outlet pipe drain large enough to hold up 
the effluent for about two hours, complete sterilisation resulted. 
This has been proved repeatedly by other experimenters. The 
method was first suggested to me by Dr. Rideal's account of 
experimental work on the sewage of Maidenhead (Rideal, page 
64), and is now being practised on a large scale in America, 
Great Britain, and the Continent. 

About this time, 1908-1909, other experimenters were at 
work on the question of sludge disposal, and I 

will, with your permission, briefly summarise the conclusions arrive
d 	at; but before doing so will show one of the earliest methods devised 

to separate the sludge from the sewage as it arrived at the works. 

In 1891 Birch obtained patents in various countries for his 
sedimentation tank. (Fig. 2.) 

Fig. II. 

It will be seen that Birch used an ordinary shallow tank with 
inclined walls, so arranged that a sludge chamber was divided 
from the part through which the water flowed. The sludge 
slides down the walls into the openings giving access to the 
sludge chamber. In the latter are horizontal pipes perforated 
on the bottom. On opening the valves which control these pipes 
the sludge is forced out by the water pressure. 
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The design of this tank is not a good one; in fact the first 
chamber would be overtaxed, the remaining ones being of very 
little use, and as no provision is made for decomposition, the 
sludge would have to be drawn off at very frequent intervals 
and disposed of. The sludge, being comparatively fresh, 
would be in a most objectionable condition to be dealt with, but 
notwithstanding these faults, the idea has been most fruitful 
in pointing the way to modern methods of dealing with the 
sludge problem. 

As a practical outcome of the sludge disposal difficulty, ex-
perimenters in England, France and Germany have devised 
various methods of separating or abstracting the solids in 
suspension, etc., but in this paper I do not intend to review the 
question of priority because of contentious views held by var-
ious writers, but will simply demonstrate the means by which 
separation is effected. 

In this connection it should be pointed out that the separation 
of the minutest (colloidal) suspended particles is favoured by 
affording large surfaces on which these particles can settle, and 
no doubt the best arrangement hitherto designed for that pur-
pose is that designed by Travis. This consists of placing thin 
inclined walls in the longitudinal direction of the tank, and is 
shown in the sketch of Travis' Hydrolytic Tank, which will 
now be described. (Fig. 3.) 

Fig. III:. 

In a paper written by Dr. W. Owen Travis, M.D., M.S., and 
Edwin Ault, C.E., it is stated that the conception of the hydro-
lytic tank and oxidising beds is the result of a close study of 
the numerous experiments conducted at Lawrence, U.S.A., and 
under the aegis of the State Board of Health of Massachusetts, 
and published by that board in a series of works which, in their 
entirety, constitute a classical record of the bacterial purifica-
tion of sewage. 

i 
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Briefly, the experiments carried out by the Board determine: 
1. That as the liquid portion of water-carried sewage con -

tains matter in solution only, and as the water has already ful-
filled its principal function, viz., the conveyance of the grosser 
particles, so it should be permitted to pass through the tank in 
the limited time necessary for purely sedimentary purposes. 

2. That as only the suspended matters of the sewage require 
to be subjected to a prolonged digestive process, so these mat-
ters, together with the minimum amount of liquid which is 
found to be necessary for the free flowing of the particles and , 

for the carrying away of the liquefied products, should alone 
undergo the septic tank or hydrolytic treatment. 

3. That as, in any sedimentary tank, some of the matters -

in suspension, whose specific gravity differs from the liquid, 
will not be deposited, and as in all septic tanks considerable 
quantities of deposited sludge, disturbed by the gases of de-
composition, will constantly flow out of the tank with the liquid, . 
so a further purification in an upward anaerobic filter is abso-lutely necessary. 

4. 
That as the gaseous and volatile products are, like the' 

liquid products, equally subversive of bacterial hydrolysis, as 
they are the cause of the strong odours which prevail in a septic 
tank effluent, and as they are detrimental to the subsequent 
oxidation in contact or other aerating beds, so they should be 
removed, by exhaustion, from the tank as they are formed. 

5. That as sludge must accumulate, so means must be pro-
vided for its systematic withdrawal. Any attempt to establish a so-called equilibrium is futile ; it is, in fact, a method of 
evading the issue and of throwing upon the subsequent treat- 
ment matters which ought to be effectually dealt with in the tank. 

As a result of Dr. Travis' experiments he produced and 
patented the hydrolytic tank. The first tank was constructed 
about 1905, at Hampton, a second tank being erected at Nor-
wich, England. (See Fig. 3.) 

At the Summer meeting of the Association of Managers of 
Sewage Disposal Works, held at Leicester in 1908, Dr. Travis 
read a paper entitled, " The Hampton Doctrine in Relation to 
Sewage Purification." In this he claims :- 

1. That the •purification process is essentially a physical 
operation in which the suspended and soluble impurities in the 
sewage are removed from the liquid by a process analogous to 
precipitation. 

2. That the works in themselves are essentially depots for 
the reception and for the storage of the solid matters which 
have been abstracted from the sewage. 

The effluent is a comparatively pure liquid, which results 
from n the fact that the crude sewage, by virtue of a physical 
operation, has deposited its sludge at the works. 
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" The doctrine thus denies that the purification process is in 
any sense of the word, or under any circumstances, the result 
of bacterial action." The micro=organisms are merely inci-
dental, and their actions are but ancillary to the actual purifica-
tion. The bacterial activity is, though not entirely, yet practi-
caly limited to the deposited And absorbed matters stored in 
the treatment areas from sewage already purified, and that in 
their subsequent operation the bacteria are but one of the many 
groups of scavengers which deal with dead organic matter. 

Now in absolute contradistinction to Travis' statement that 
" Bacteria have no part in the purification of sewage," we have 
Professor Dunbar's experiments (Dunbar, pages 92-94). 

Dunbar states "that he has investigated the solubility of 
organic substances by suspending in septic tanks a large num- 
ber of solid organic substances, such as cooked vegetables, 
cabbages, turnips, potatoes, peas, beans, bread, various forms 
of cellulose, flesh in the form of the dead bodies of animals, 
skinned and unskinned, various kinds of fat, bones, cartilage, 
etc., and has shown that many of these substances are almost 
completely dissolved in from three to four weeks. 

" Of the skinned animals, the skeleton alone remained after 
a short time . with the unskinned animals the process lasted 
rather longer. 

"At this stage it should be pointed out that the experiments 
were so arranged that no portion of the substances could be 
washed away ; their disappearance was therefore due to solu-
tion and gasification. 

" The skinned body of a guinea-pig was allowed to remain 
in a septic tank for three weeks, when the clean white bones 
alone remained." 

" Further experiments have been carried out by Pavre at the 
Hamburg Institute, with proteins, albumenoids, fats, carbo- 
hydrates, etc., and it was found that the protein substances and 
albumenoids are the most easily decomposed, whilst fats are the 
most resistant, decomposition only taking place on the surface 
into fatty acids and glycerol. Carbo-hydrates are readily de-
composed in the septic tank; cellulose also appears to be de-
composed, but cork remains unaltered." 

In view of such observations, the opinion that the organic 
portion of the sediment in septic tanks is not decomposed, i.e., 
resolved either into a liquid or gaseous state, becomes unten-
able. 

In May, 19o9, K. Imhoff, Engineer of the " Emschergenos-
senschaft," in Essen, Germany, wrote a paper to The Sur-
veyor and Municipal and Country Engineer," describing a new 
method of treating sewage: 

" In urban sewage about one-half of the organic matter is, 
general, undissolved. This undissolved matter can be re-

moved by mechanical means. The simplest method of mechani- 
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cal purification consists in sedimentation, the suspended im-
purities being deposited, by gravity, as sludge. Sedimentation 
is dependent on time. The longer the period of clarification 
the more sludge is deposited. The separation is, however, 
very unequal. In, the first few minutes the rate of separation 
is highest, thereafter the rate gradually decreases. 	This is 
shown by the curve in Figure 4, which may be taken as repre- 
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Fig. IV. 

senting the average for normal municipal sewage. It will be 
seen that after one and a half to two hours, 75 per cent. of the 
suspended matter has been separated. In the course of the 
following hours there is practically no increase in this percent-
age. The slight effect produced by extending the period of 
purification is by no means proportional to the increased cost 
of construction of the larger subsidence tanks required. In 
addition to this, protracted retention of the water in the tanks 
involves risk of putrefaction. For this reason alone the period' 
of sedimentation should not exceed two hours..... It may be 
mentioned that the percentage of separation varies considerably 
in different sewages. In the case of dilute sewage, it is usually 
lower than in the case of concentrated sewage. 

" Besides the length of the treatment, which is the main 
factor in sedimentation, a number of secondary factors have 
to be taken into consideration in the construction of subsidence 
works." 

Treatment of the Sludge. 
" The treatment of the sludge is equally as important as the 

purification of the sewage. Sewage works in which the ques-
tion of the sludge treatment is not satisfactorily disposed of 
cannot in the long run fulfil their primary purposes----i.e., that 
of purifying water. It is not sufficient to provide only for 
effective sedimentation of the sewage. It is equally essential 
to provide for efficient removal of the sludge, and for the fur-
ther treatment thereof, even if provision for these matters In-
volves some departure from the ideal process of sedimentation  
pure and simple. The plant must, in fact, be the result of a 
compromise between the requirements of sedimentation on the 
one hand and of sludge treatment on the other hand. 
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" The sludge pumped in a fresh state from the tank has very 
unfavourable qualities. It contains much water, and is conse-
quently of large bulk. It dries with difficulty and passes while 
drying into a state of odoriferous putrefaction. Industrial 
utilisation of the sludge (for example, for the production of 
fat) has not hitherto proved successful on a large scale. The 
best manner of dealing with the sludge is 'still by the treatment 
in septic, tanks. The 	is by this treatment reduced in 
bulk; the drying thereof is facilitated, and it is rendered odour-
less. 

" If it is preferred to allow the sludge to decompose it is 
advisable to combine all residues with the sludge—that is to 
say, to retain only the coarsest obstructions at the gates, and to 
dispense with a sand collector provided that the sludge mixed 
with sand is capable of conveyance. It is important in this 
respect that the sand is mixed as uniformly as possible with the 
sludge at the time of sedimentation." 

Tanks as Self-Acting Sewage Works. 

" The sewage plant (Figure 5) used by the " Emscher-
genossenschaft" consists essentially of deep tanks, which re-
ceive the sludge. In the upper part of these tanks the subsi-
dence tanks' chambers through which the water flows are 

Fig. 5. 

divided off by partitions. The floors of the subsidence cham-
bers are inclined, and the sludge slides down them, in order to 
pass through slots into the sludge tanks. Without supervision 
or attendance the sludge is, therefore, continuously and 
promptly removed from the subsidence chamber. The sludge 
accumulates in the tanks, and the sludge tanks gradually de-
velop into septic tanks. Only the sludge, however, is decom- 
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posed. The flowing water is kept free from putrefaction. If 
putrefaction has already occurred in the water, it is at least not 
furthered in the tank." 

According to Saville, Assistant Engineer, Sewage Depart" 
ment, Emschergenossenschaft Essen, Germany, it is found 
that sewage sludge, when once thoroughly rotted away, is un-
objectionable in character and is easily handled. 

The problems presented to the Emscher Engineers was (I) 
to design a tank in which sewage might have a sufficient time 
for settling to effect the removal of all suspended matters which 
could be economically separated from the water by sedimenta-
tion; (2) to provide a means of automatically removing the 
deposited solids from the settling chamber so that the disturb-
ing action of the gas formed during decomposition of the sludge 
could not cause part of the deposits to pass out with the ef-
fluent; (g) to ensure that the sewage in its passage through 
the tank should not come in contact with either the decompos-
ing sludge or the gas in order that it might remain unchanged 
in character so far as the organic matter in solution is con-
cerned ; and finally to make arrangements for allowing the 
sludge to become thoroughly septicised, as it is only after com-
plete decomposition of the organic matter that it becomes un-
objectionable and easily handled. 

The period of sedimentation ranges from one to two hours, 
which is sufficient to separate from the sewage 75 per cent. or 
more of all suspended matters capable of removal by sedimen-tation. 

The time allowed for thorough septicisation of the sludge 
varies with the character of the sewage, being usually as much 

,Jewoye /nüuenF 

P'lg. 6. 



F'ig. 7. 

December, 1913. THE VARSITY ENGINEER. 

as three or four months. As the tanks are 25 feet deep or 
more, this process of rotting out the decomposable organic 
matter takes place under very favourable conditions. There 
is an absence of odour—the large quantities of gas rising from 
the sludge are found to be inodorous. Analyses have shown 
the presence of approximately 75 per cent. marsh gas and 25 
per cent. carbon monoxide, but practically no sulphuretted 
hydrogen. 

The effluent from the sedimentation chamber is not only well 
clarified, but is free from odour. 

The sludge when removed from the tanks contains only 75 
per cent. to So per cent. water, but flows readily in concrete 
channels to the sludge-drying beds. In the drying beds it dries 
rapidly, becoming firm and "spadeable" in three or four days. 

The sludge has absolutely no objectionable odour; its appear-
ance is that of porous garden loam. 

The sludge dries so rapidly that very small drying beds are 
required. 
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At Bochum, for example, where the sewage from a popula-
tion of 145,00o is treated, the sludge-drying beds cover an area 
of only half an acre. 

The water which drains out of the sludge while on the dry-
ing beds is clear and odourless. The effluent flowing off from 
the Emscher or Imhoff tanks, though containing practically 
no suspended matter, is still highly charged with soluble or-
ganic matter. At Emscher the effluent runs into a canal where 
the dilution is sufficiently great to prevent nuisance. But  

and 8.) 	

under 
ordinary conditions the effluent must he further purified by 
bacterial treatment on aerobic filter beds.—(See Figures 6, 7 

DISCUSSION. 
Mr. Higgins discussed the design of the septic tank (Pig. i)' 

pointing out that in the tank designed by the author baffles 
were fixed, and asked— 

(I) Why they were provided. 
(2) Were not septic tanks constructed without baffles? 
(3) Did not trouble arise in the first or liquifying chamber 

if large quantities of fats were allowed to enter the tank? 
(4) Was not the use of chloride of lime, which was a bleach-ing agent, destructive to bacterial activity—and what quantity 

could be used with safety? 
(5) Would air if pumped into sewage effluents be beneficial 

—and what would be the effect if air were pumped into the 
rising main of the Melbourne and Metropolitan Board of 
Works' sewers at Spottiswoode ? 

(6) What effect does the intermittent flow of sewage from 
say, a dwelling house, have on the septic tank? 

Mr. Box asked 

(I) What influence has the septic tank on pathogenic or-
ganisms—and what is the effect of disinfectants if used in the 
waste water? 

(2) Would the use of chloride of lime in the aerobic filter 
give rise to sludge troubles? 

(3) What was the effect of chlorination? 
(4) What period of time was necessary to obtain working 

conditions? 
(5) What were the proportionate sizes of the anaerobic tank 

and aerobic filters? 
(6) Whether the influence of temperature or humidity has 

any effect upon liquefaction or nitrification? 
Mr. Boan replied briefly, but suggested that he might be 

allowed time to supply fuller answers to the questions. 
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It was suggested that Mr. Boan should add an appendix to 
his paper, and this he agreed to do. 

APPENDIX. 

Cameron, in his septic tank constructed at Exeter in 1895,. 
designed it so that the incoming sewage was discharged 
through a pipe placed some distance below the level of the 
sewage in the tank, the outlet of the sewage being by a per-
forated or slotted pipe laid horizontally, which was also placed 
below the level of the sewage—the inlet and outlet being prac-
tically on the same level. 

There were no baffles in the tank, and it was claimed that 
the liquid in it was displaced by the incoming sewage without 
disturbance of the scum which formed on the top of the liquid. 
or of the heavier solid matter which was deposited on the floor 
of the tank. The tank was proportioned on a 24 hours' flow—
That the water in the tank would be displaced by the incoming 
sewage appears to be doubtful, but rather there would be a 

direct flow across the tank from inlet to outlet pipe. That this 
is really the case is shown by the following: 

Thompson—Journal Soc. Chem. Industry, í9o8—states that 
at Leeds experiments were made to ascertain whether patho-
genic organisms originally admitted to the sewage were cap-
able of surviving the treatment, and reaching effluent unde-
stroyed. 

In these experiments pure cultures of " Bacillus Pyocyan-
eous" (the organism of blue pus) were introduced into the 
sewage entering the tank. Two hours later the organisms 
were found in the septic tank effluent. Thompson had pre-
viously stated that the tank was designed on a 24 hours' basis. 

The fact that the Bacillus was detected in the effluent from 
the tank after two hours in a plant designed to treat a 24 hours' 
supply of crude sewage, shows unmistakably that the design of 

the septic tank itself had not received the attention it merited. 
The time occupied by any filament carrying sewage to reach 

the outlet from the time of its discharge into the tank should 
be approximately the time capacity of the tank, and in those 
designed by the author, baffle plates and walls have been used 
to effect this purpose. 

In the Leeds septic tank the water must have flowed approx-
imately in a direct line from the inlet to the outlet, from which 
we may deduce that the incubation or digestion period of the 
sewage was not nearly long or complete enough to properly 
hydrolise the suspended solid matter sent into the tank. 

With regard to Mr. Higgins' question as to fat, etc., the de-
composition of fats—grease and soap—is extremely difficult 
and constitutes one of the greatest troubles in purification, es-
pecialy in the case of works dealing with fresh concentrated 
sewage from large institutions, hospitals, and the like. When 
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designing a sewerage system, grease traps should be provided 
at the sinks; by this means trouble at the disposal works would 
be very materially lessened. 

With regard to the use of chloride of lime (ordinary bleach-
ing powder)- 

Rideal in 1905, in his experiments at Guildford, showed that 
3o parts of available chlorine per million would reduce the 
number of bacteria in crude sewage from several million to 
50,00o, while 5o parts would reduce their number to 20 per 
cubic centimetre. Colon bacilli (the common intestinal organ- 
ism) were reduced from one million per c.c. to o per c.c. by 
3o parts of chlorine. 

In septic tank effluents, he found that 25-44 parts of chlorine 
per million reduced B. Coli. from 2% to 4 millions per c.c. to 
less than 1 per c.e. 

These results were confirmed in America and extended by a 
series of investigations carried out at the sewage experiment 
station of the Massachusetts Institute of Technology in Boston (Kinnicutt, page 383). 

"A series of tests carried out by Phelps and Carpenter in 
1906 showed that with fairly well purified effluents derived 
from dilute American sewages, that even better results than Rideal's could be obtained. 

Further experiments—Winslow and Phelps, 1907—showed 
that a trickling filter effluent could be disinfected by the addi-
tion of chloride of lime in such amount as to yield 5 parts per 
million available chlorine. The chloride of lime of commerce 
contains about 1/3 available chlorine. 

Dunbar quoting German experiments, states that septic tank 
effluents require about 1/5 as much chlorine as crude sewage, 
equivalent to io parts per million available chlorine. 

Experiments made by Rideal, 1904-5, proved that bleaching 
powder—ordinary chloride of lime—used in small quantities 
is sufficient to destroy foul odours, such as those from a septic 
tank effluent, and at the same time acts as a powerful oxidiser 
and decreases the work required of the filters. 

The results of a long series of tests-1906-19o7—carried 
out at Guildford by Dr. Rideal, are summarised as follows 
(Royal Sewage Commission, 1908) :- 

(1) Treatment with a hypochlorite solution containing avail-
able chlorine equal to 35-5o per cent. of the amount of oxygen 
consumed by permanganate in 5 minutes in the cold is sufficient 
to do away with the smell of hydrogen sulphide (H25), leav-
ing only an inoffensive odor of spent bleach. 

(2) The addition of this quantity in no way interferes with 
the efficiency of the filter, but adds to it by helping to keep 
down an excess of gray growths on the top. 

  

  

  

  

  

  

    



December, i9í3. THE VARSITY ENGINEER. 	 35 

(3) A much larger quantity may be added without any 
danger to the filter. 

(4) A dose of hypochlorite more than sufficient to remove 
the hydrogen sulphide smell and kill B. Coli. in the liquid may 
be used without prejudice to the purifying ability of a mature 
percolating filter. 

Rideal draws these further conclusions 

(I) That sewage from hospitals may be freed from danger-
ous organisms by the use of calcium hypochlorite before pas-
sing into beds or entering ordinary sewerage systems, without 
interfering with the usual methods of purification; (2) that 
when beds are clogged with growths these can be dissolved 
and washed through speedily by occasional doses of Hypo-
chlorite. 

From a third series of similar experiments with a filter 
divided into compartments—one containing a fine and the 
other a coarse filter medium, these conclusions are drawn—
(1) That a bed can be successfully matured when using hypo-
chlorite in such quantities as are required for preventing of-
fensive odours • (2) that this treatment renders possible the 
use of fine grade filters; (3) that it renders easy the cleaning 
of pipes, sprinklers and syphons which may have become 
blocked, without disconnecting the system." (Kinnicutt). From 
the foregoing it would appear the nitrifying organisms flourish 
uninjured by the hypochlorite which has a marked germicidal 
effect on most other organisms. 

As to the use of air pumped into effluents—filter beds, etc., 
Colonel Waring, in 1891, patented a process of forced aera-
tion and carried out extensive tests at Newport, U.S.A., in 
1894, the results proving very satisfactory. Laycock, Ducat, 
and others made use of forced aeration for promoting oxida-
tion and although results were good, the use of compressed air 
has not been proved to be absolutely necessary. 

The difficulty and expense of maintaining proper distribu-
tion of the air, etc., is very great, and the results apparently do 
not warrant the expense. 

As to pumping air into the rising main of the Melbourne 
and Metropolitan Board of Works' sewers at Spottiswoode, 
the rising mains in this case become really huge septic tanks, 
and during its stay or rather passage through this part of the 
system very complete liquefaction by the anaerobic organisms 
is in progress. Assuming, therefore, that full hydrolysis has 
not taken place by the time the sewage reaches the pumping 
station the admission of compressed air would be inadvisable. 
On the other hand, if the sewage be completely hydrolised, air 
would be beneficial. 

With regard to the question, What is the effect of the inter-
mittent flow of sewage from a dwelling on the septic tank: It 
is of course desirable that the tank should be designed for the 
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maximum volume of sewage which will be discharged into it, 
but as pointed out by Mr. Higgins, there are periods when a 
large volume is discharged from the house, say, bath water, 
or washing water from the laundry; and at times no flow from 
the sewer takes place; but, it has been found by experience 
that the septic tank is very elastic, accommodating itself rapidly 
to fluctuations of flow. All that is necessary to be done to pre-
vent sudden discharges like bath wastes, etc., from disturbing 
the solids in the anaerobic tank is either to provide storage 
area or a bye pass around the tank on to the filter. In the case 
of a large mansion where at times only a few servants or care-
takers are in charge, whilst at other times the house is full of 
people, Mr. Farquharson Boan has designed septic tanks in 
such a manner that, by opening a valve the water in the first 
chamber is drawn off and carried round to the channel feeding 
the tipping buckets at the aerobic filter. Closing the valve at 
once brings into action the whole of the septic tank. 

Stoddart's method for smoothing over the acute irregular-
ities of flow—particularly characteristic of small installations, 
is to provide in the throat of the pipe outlet or weir from the 
septic tank to the filter, a plate in which is perforated an aper-
ture of such a size as to permit under a head of 3 inches the 
maximum rate of flow of sewage permissible on to the filter. 

Thus ; Aperture 
%in, dia. 	approx. I0oall. per 'hour. 
gin. dia. -----approx. 200 gall. per 	hour. 
'in. dia. — approx. 35o gall. per hour. 

Igin. dia. — approx. goo gall. per hour. 
tin, dia. = approx. 1285 

 rise of in. 	
5 gall, per hour. 

storage for sudden flushes due to baths, laundry   waste,  nd the 
like. Stoddart points out that the effect of the diaphragm is 
not exercised upon the filter only, but also usefully checks the 
too rapid passage of the crude sewage through the tank. 

The author's experience proves that the provision of storage 
space alone will generally meet the case. 

Birch, Killan and Co., in their designs for septic tanks, pro-
vide a penstock to control the rate of the dry weather flow 
allowing storage room for sudden flushes, with an overflow 
pipe between the penstock and the distributor over the filter 
bed, to discharge any excess over the storage. 

In reply to Mr. Box's questions— 

(I) "As to the effect of the septic tank on pathogenic org-
anisms"—Some experimenters (McConkey and others) claim 
that pathogenic organisms do not survive the passage through 
the septic tank; whilst others state that disease organisms will 
survive in effluents which have passed through land treatment. 
In view of the large number of installations using chloride of 
lime disinfection, it would appear to be safer to disinfect any 
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effluent which will be discharged into streams or places which 
might become infected. 

The use of high grade disinfectants in the sewerage system 
if excessive, greatly hinders the work of liquefaction in the 
septic tanks. In a properly designed system it is not necessary 
to use powerful disinfectants. 

(2 and 3) "As to sludge troubles by use of chloride of lime, 
etc." Dr. Rideal's experiments as before shown, explain the 
action of oxychlorides in the filter—but it should be here ex-
plained that all trickling filter effluents carry a considerable 
quantity of floculent solids (humus matter) and the small sedi-
mentation chamber shown on plan I. is placed between the filter 
bed and the outlet drain to carry out two purposes, i.e., the 

sedimentation of the suspended matter which though quite 
inert and inoffensive, gives colour to the effluent; and secondly 
by holding up the effluent after chlorination, we effect com-
plete disinfection of the liquid. 

(4) Active liquefaction of the sewage generally takes place 
in from 3 to 6 weeks in warm weather, but may take 2 to 3 
months before the best results are obtainable. The effluent 
at first is cloudy, with a foecal smell, but rapidly becomes 
clearer and odourless in a few days after starting. 

(5) The usual practice is to allow for 12 hours' tankage for 
ordinary dilute domestic sewage, but for concentrated sewage 
like that from workshops, factories, etc., the best results are 
obtained by allowing 15 gallons per head per day. In the case 
of dilute sewage the first (liquefying) chamber is made 1/6th 
of the length of the tank; for very concentrated sewages it is 
found preferable to make it about half the length. As before 
pointed out, the length is made about three times the breadth. 
The best depth of liquid is found to be about 5 feet. 

The general concensus of opinion is that from 200 to 300 
gallons per square yard is the best proportion to allow in de-
termining the size of the filter bed. The size of the material 
composing the trickling filter is 2in. to 2/in. gauge. Coke, 
coal, porous bluestone metal, or furnace clinker, gives best re-
sults. A good plan to start nitrification in a new filter is to 
spread a few shovelsful of good rich garden loam on the top 
of filter. 

(6) Temperature and Humidity. Kinnicutt states that the 
most striking characteristic of the septic process    is 

the effect 
 the 

of temperature thereon. The amount of 	produced 
 of septic activity, and he states that the results of ex-

periencé with the American climate show that the ratio for the 
winter is 3o, and for summer 170. 

So far as the author's experience goes, humidity has no 
effect on the working of the tank and filters, beyond the fact 
that with a low barometer the gas generated in the tank be-
comes more noticeable when the effluent is tipped on to the 
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filter; but, in installations where chloride of lime is in use, a 
distinct seaweed odour is given off, which is not objectionable. 

Of course it should be borne in mind that in any case 
wherever sewage is being broken down, liquefied and oxidised, 
there must he a certain amount of odour ; in other words, it 
cannot be done in a drawing-room ; but with careful attention 
the works need not give any evidence of their existence a few 
yards away. 

In conclusion, the author takes this opportunity of thanking 
the Melbourne University Engineering Society for the priv-
ilege of addressing them on the subject of sewage disposal. 
The tables, etc., quoted by him are taken from the works of 
the highest authorities on the subject, and are quoted in pref-
erence to personal experience in the hope that this paper will 
prove useful to those interested, and guide them in their future studies. 
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