The rise & progress of aerobic methods of sewage disposal : being notes of
alecture delivered before the Association of Managers of Sewage Disposal
Works at the Royal Sanitary Institute on March 18th, 1911 / by W.J. Dibdin.

Contributors

Dibdin, W. J. 1850-1925.
Royal College of Surgeons of England

Publication/Creation

London : Sanitary Publishing Co., 1911.
Persistent URL

https://wellcomecollection.org/works/burb3erh

Provider

Royal College of Surgeons

License and attribution

This material has been provided by This material has been provided by The
Royal College of Surgeons of England. The original may be consulted at The
Royal College of Surgeons of England. where the originals may be consulted.
Conditions of use: it is possible this item is protected by copyright and/or
related rights. You are free to use this item in any way that is permitted by
the copyright and related rights legislation that applies to your use. For other
uses you need to obtain permission from the rights-holder(s).

Wellcome Collection

183 Euston Road

London NW1 2BE UK

T +44 (0)20 7611 8722

E library@wellcomecollection.org
https://wellcomecollection.org













T RIS
{FROB]

MW AG







2t

oyrEAT AL
-
&
-

BY OVE

Several |

el

—

fl'i'l'zlr
\\\HBTH",[h
s %




NAYLORY

PATENT AERATING TILES.

L om e e ——

USED AT SUTTON AND
BY OVER 50 AUTHORITIES.
Several Repeat Orders.

MATERIAL . . TIndestructible Salt-glazed Stoneware.

STRENGTH . . Tested to over 9 tons per squave ward
without breaking.

COST . . . . Exceptionally low.

OUTPUT . . . 2,500 squara yards per week.

SPECIAL TILES Supplied to suit Circular & Octagonal Beds.

EXPORT . . . The tiles are easily nested, and works

being near ports, shipping ordera
ean ha specially well executed.

NAYLORS' STONEWARE SPREADER

(Perforated Channels and Tiles).

Naylor Brothers, Denby Dale.




BURN BROTHERS’PMEM
AUTOMATIC CONTROLLED SYPHONS

For Alternating the Supply and Timing the Period of
Contact in Sewage Filters and Biological Slate Beds.

Applicable to small or large Installations.

Mo water-tight auxiliary Erick chambers necessary, thus mini-
mising cost of construction.

ER S’patent
SEWAGE SPRINKLER

THE MOST ECONOMICAL IN RUNNING COST BECALUSE—

It is well built and will last a lifetime.

The ball bearings run in an oil bath, from which grit, dust and
insects are excluded.

It iz self-regulating, automatically dealing with wide wariations
of tlow.

The crifices are self-clearing and do not require daily attention.
Cleaning only required about once in seven to ten days.
Revolution not retarded but assisted by the wind.

Mo other sprinkler will continue to distribute with so litile attention.

ROTUNDA WORKS, 3 BLACKFRIARS ROAD,
Also at EDINBURGH. LONDON, S.E.

R S,



LLEI] SYP]{

Tmmg the Pering o
Biolgie Hate Bogy

i METHODS OF SEWAGE DISPOSAL.
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By W. J. DIBDIN, FI1C, ECS5., &c.. Past President.

Ix order to gain a clear idea of the work to be ac{!nmpliﬂhml
in effecting the inotfensive or * aerobie” destroction of the

Fi, :.—.I.J'lllli:il.lllliﬂﬂ.l Hection of Stew of [talian Heed @ o, Colls of the 1%t
b, Fibwo-vascular Bunille, contaiming 1, Annulve Docts : 2, Spiral Ducts -
F, Pitted Duots with “'1:-:-[:.' Fibre, o, Cells

waste organie debris of & community, let us first consider the
nature and extent of the work to be done. These waste
A2




matters necessavily belong to either the vesetable or animal
kiﬂ;_«’dlnh, and in either ease are of a complex character,
Fig. 1 shows a fragment of veretable tissue which fairly

K. 2

. YVortical Section of ."'-L:i!I ot E'-Iln.:l'l'. '\-]'.l.l'u‘-'il:l_" :ht E;I“;||.|_'_5|d_--= |||.
the Cufancous Norves,

represents the remarkable vaviation in the intricate cellular
structure of all vegetable debris; whilst Fig 2 indicates only

the superficial surface of animal skin with the nerve ramifica-

Fio., 3 =—5triated Museular Fibre, sepamting into Fibeille,

tions, apart from the general cellular structure of the musecles,
tendons, fat cells, &e  PFig 3 shows the elastic nature of
strinted muscular fibre.
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From these eclementary illustrations it will be seen that
the work to he accomplished eonsists not only in pulling
apart the separate cells, &c., but al=o in the molecular disinte

cration of the chemical substances employed in their composi-

tion, amd 15 of such an involved character that no mere

physical state of rest or inaction on inclined or other surfaces
will facilitate it in any way ; but we must look to cither direet
destruction by violent chemical oxidation fire, &e., or to the

Fro. b—Bacillus Typhosas.

action of digestion by living organisms. The former of these
methods 18 too 4-x];|-r1-ai1.'1-. and we are ]:-u-r'l'un-n- driven to .'ilin]-[
the latter, whether we intend doing so or not, as it iz now
clear that many so-ealled pliysical processes arve but 'E1|'1-|in|1'!|:n'_'-
to the final hi-:]-:_‘;]l':d action.

The organisms which exert their beneficent action by dligest
ing waste organic debris are not only numerons bt variable in
the extreme. Fig 4 shows types of bacteria of the more common
varieties, many of which are more complex in their nature than

was formerly supposed, Fie, 5, for instance, shows the
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baccillus typhosus with numerous whip-like processes or
“ flagellae " magnitied about 5000 diameters,

=

Fit. d,—=Life Histories of Sapropliytes,

Hﬁxb'tc t‘he.- bacteria we may place the monadina repre-
sented in Fig. 6, showing the late Dr. Dallinger's beautiful
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illustration of the life history of these minute organisms, their
method of propagation, &e.

The life history of Saprophytes is described by the late
Lir. Dallinger in “The Microscope and its Revelations " (Car-
penter), from which the following short description of the
plate—Fig. —is extraeted by the kind permission of Messrs.
J. and A. Churchill, who have also kindly lent the blocks of
Figs. 1, 2, 3, and 9:
represented in Fig, Ga,. As it is with the entire group, all is
subservient to rapidity of multiplication, and there are two
methods in which this is eflected. The first and commonest
is by fission. Fig. GA: represents the normal form of the
organism. It has a long diameter of about . 4;5th of an inch.
In a certain stage of its history, as it swims freely, there
suddenly appears a constriction across its body, as in Fig. Gia..
This is at onee accompanied by an apparent effort of the opposite
flagella to pull against each other; the consequence is a very
rapid stretehing of a neck of sarcode between two halves of
the body, as at Fig. Gas. This becomes longer, as at 4, and
attains the length of two flagella, as at 5, when the two
dividing halves approach and mutually dart from each other,
snapping the connecting fibre of sarcode in the middle, so that
two perfect forms are set free, as in 6 and 7. This in the
course of two or three minutes is once move begun and carried
on in each half suecessively, so that there is increase of the
form h:.' this means in rapid geometric ratio.

*“ But this is an exhaustive process vitally, for after a period
varying from eight to ten days there always appear in the
unaltered and unchanged field of observation normal forms,
with a remarkable diffiuent or ameba-like envelope, as seen in
Figs. 6, 8, and 9.  These sometimes swim and sometimes creep
amoeba-like by pseudopodia ; but directly the different sarcode
of one touches that of another they at once melt together, as
in Fig. GAia. This leads to the rapid approach of the oval
bodies of the two organisms, as in Fig. 65, resulting in their
fusion, as in Figs. 6Bie, 12, 14, and a still condition of the
sac (14) for a ]n-ri:hl of not less than zix hours. when it

" The ;ii[lll,!l]i,::—_i[- of these organisms is

bursts, as seen in s, pouring out an immense host of

- e -——-li'-u_—_-—_.‘.q.__.__l.-'
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exquisitely minute spores, as shown in 5. These are opaque
or semi-opague, but by observation upon them at a tempera-
ture of 63 deg to TO deg. Fah. they in the course of thirty
minutes become transparent, elongate as in s and 5, and,
continuing to grow, assume the conditions and sizes repre-
sented in s and 10, and we are able to trace them through
all their changes of growth from the spore into the adult
condition, as at oo, until they entered upon and passed
through the self-division into two deseribed and ficured in
Fig. 6a4.”

Fig. 6 (Figs. C, D, E, F) represent similar life processes in
other forms of this class of Saprophytes, and, with the fore-
woing, clearly indicate the enormous rapidity with which these
organisms develop under favourable conditions.

“Ome of the most important researches thus ably proseented
by Messrs, Dallinger and Drysdale has rveference to the tem-
peratures respectively endurable by the adult or developed
forms of these monads, and by their reproductive germs A
large number of experiments upon the several forms now
deseribed indubitably led to the conelusion that all the adulf
forme, as well as those which had reached a stage of develop-
ment in which they can be distinguished from the respective
granules, are utterly destroyed by a temperatore of 150 deg.
Fah. But, on the other hand, the reproductive granules
emitted from the cysts that originate in ‘eonjunetion ’ were
found capable of sustaining a fluid heat of 220 deg., and a dry
heat of about 30 deg. more, those of the cercomonad surviving
exposure to a dry heat of 300 deg. Fah. This is a fact of the
highest interest in its bearing on the gquestion of ‘ spontaneous
generation ' or abiogenesis, since it shows that germs capable of
surviving dessication may be everywhere diffused through the
air, and may, on aceount of their extreme minuteness {as they
certainly do not exeeed ' sth of an inch in diameter)
altogether escape the most careful serutiny and the most
thorough eleansing processes, while (2) their extraordinary
power of resisting heat will prevent these germs from being
killed either by boiling or by dry heating up to even

300 deg. Fah"
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Pursuing the range of useful living organisms in order of
their size, Fig. 7 chows some of the varieties of the infusoria

Fro 7.—Infusorin.  From Griffith and Henfrex's * Microgrphic Dictionanry.”
(By kind porpission of Messrs Gurney and Jackeon, Mr. Vian Voorst's suceessors.)

of a higher type, which abound in all waters containing
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Fig. § illustrates some of the various kinds of mieroscopic
worms, &¢., which play an equally active part in the work,

Fig, 8.—FEntoson. From Grifith and Hemfrey's * Mic hig Dictionary,”
B = A g Lhobignary,
{By ined permission of Messrs. Gurney and Jackson, Mr. Van Voorst's llbcul'.ﬁ-:dlh.}
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On the other hand, there are a number of growths of s
different kind, having somewhat the character of the becepienton
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Fra, 8, —DBeggiatoa Alba,  (From De ]_l-anrll."-u S Camparative Morplology
of Fungl.")

albu, or * sewage fungus,” shown in Fig. 9. In this case the

filaments have the well-known grey eolour ; but in many other
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kinds of filamentous growths known as confervoidea: the green
chlorophyll is present, thereby indicating an ample supply
of oxygen.

In the case of rivers, &c., these various organisms are sup-
plemented by others of a larger character, such as the water-
fleas, larvie, worms, &c., and in estuary waters, &e., shrimps,
&e. The late Dr. Sorby once deseribed how he fed tame
shrimps held in his hand, and observed their manner of feeding
on sewage debris,

That these various organisms live and thrive on the food
suppiied to them in the form of waste organie debris is no new
thing. As early as their first discovery in the seventeenth
century, Kircher and Leeuwenhoek observed the infusoria and
many of the bacteria, and Baker, in 1743, clearly indicated
their seavenging properties, but it was not known that their
action was the sole cause of the slow destruction of organic
matter. Liebig termed their slow oxidation “eremacausis ™
(alow-buriing), on the assumption that the action was a direct
combination with oxygen, resulting in a brown pulverulent
substance known as hwmues, Graham, in 1542, remarked ;
“The absorption of oxygen by alcohol in its acetification is a
true eremacausis; so also is the slow proeess of nitrifieation.
Eremacausis seems to be entirely prevented when water is
excluded, or when the substanee is exposed to a temperature
of #2 deg. Fah"  Aerobic biological action is but the precise
definition of the fuct formerly known as eremacousis, or
slow oxidation, the whole difference being that the modern
definition indicates hoth fuct and cowuse, whilst the older
denoted the fuct only.

It is not a little remarkable that the early attempts to
employ this method for the artificial purification of sewage
were confined to anaerobic or putrefactive methods  The
ierolic process of land treatment lu-]un:_r.q. miore .1-'.t.|'5u|:.|_'|.' to
natural methods, and when suitable land of sufficient area was
employed no nuisance was ereated and all went well; but
with the inerease of sewage the land became overcharged and
anaerobic conditions prevailed.

In 1877 MM. Sehlosing and Muntz showed that nitrifieation




(which Graham]said was due to “ Eremacausis”) of sewage
in soils was due to an organised ferment, which was confirmed
by Warington, and in 1881 Frank Hatton described before
the Chemical Society a brilliant series of experimental demon-
strations of the effect of various gases on bacteria in the
presence of fresh meat and water, and showed how oxygen
was used up, earbonie acid formed, and nitrogen eliminated
concurrently with the decomposition of organic bodies.

Warington in 1882, at the Society of Arts, deseribed his
idea of a filter bed * having a greater oxidising power than
xould be possible by an ordinary scil and sub-soil. Such a
bed would be made by layving over a system of drain pipes
a few feet of soil obtained from the surface (first Gin) of a
ool field.”

In the following year Dv. Sorby, in his evidence before the
Royal Commission on the Discharge of Sewage into the River
Thames, remarked : © A very large portion of the detritus of
faeces thus manifestly lost in the river is not lost by deconpo-
gition, but utilised by countless thousands of living creatures.
The difference between the results of these two processes will
be at onee understood when we reflect on what would be the
state of London if all the animals eonsumed as food were left
to decompose in the streets,”

In 1884 Dy, Duelaux wrote : “ Whenever and wherever there
is a decomposition of orranic matter, whether it be the case of
a herb or an oak, of & worm or a whale, the work is exclusively
done by infinitely small organisms. They are the important,
almost the only, agents of universal hygiene ; they clear away
mMore quir_'kj}' than the 1iug.l: of Uunﬁta,ut.irmple or the wild
beasts of the desert the remains of all that has had life.”

The Royal Commission above rveferred to adopted these
views, but did not eclearly differentiate the various funetions,
and confused matters by veferring to * by fermentation and by
oxidation,” and many experimentalists were thereby misled,
thinking that by fermentation was meant anaerobic or putre-
factive action, to be followed by direet oxidation by immediate
chemieal combination with the oxygen of the atmosphere—a

" Wilmy -\.I
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wisconception which has led to mueh delay in the progress of
the seience and practiee of sewage treatment.

In order to show the precise method, as far as possible, by
which solid organic particles are destroyed by the agency of
living organisms existing in the presence of air, I have made
the series of experiments set out in Table I. (facing page 16),
which speak for themselves.

o far we have deale with the destruction of the oroanic
matters, but it must not be overlooked that this destruction is
but a preliminary preparation for the utilisation of the eom-
ponents in the creation of new forms.  Green plants ean devive
their nitrogen in part from ammoninm compounds, but more
readily from nitrates. The eyele of change through which
matter passes from living tissue to inorganic substances, and
thenee to living tissue again, is illustrated in a diagram, Fig. 10,

Fio. 10—Sedgwick's Spiral,
by Pt:ﬂf. Sedgwick, which indicates the transformation of
organie nitrogen in nature,

The increasing size and closeness of the spiral on the left-
hand side indicates the progressive complexity of organic
matter as built up by the ehlorophyll bodies of green plants
in the -‘rlllﬂi[,:;h!-; the other half of the figure denotes the reverse
process carried out largely by bacteria.

f In nature there are of ecourse many “ short cireuits,” as, for
mﬁt-ﬂ-ﬂt'_ﬂ. when dead organic matter is used for food and built
Up again into the living state without being nitrified and acted
on thereafter by green plants. The complete cycle however,
'8 as indicated on the dingram. This is more H'IJI]H.I'E:nl‘- if we
consider all living organisms as only so many digesting agents,




b . e S R

16

Chemical Character of Waste Matters.

The following Table IL. shows the chemical eomposition of

the larger number of parficles existing in sewnre :—
Tanie 1L

vaame kb

Nitrogen Hydrogen Oxygen Carbon

Foaibhemis el

Subatance. por cent.  per gl per cént.  per cont. ;
Gelatine . oo oo e e ABME oo o 2ReT L E0eG E
Chondring ... ..o aee oaee 1874 o 701 L. 284 .. 481
T I e N s 1 1 [ 950 ... 63.0 :
Cellulose (wood i) v — RPN |+ 2 E [ [ | %
e e T e T e Y
Fat (Stearic octd) oo oo = roi bt NEREEE |y B f e

It will be observed that each of these substances already
contains oxygen, and the inquiry naturally follows how
much more do they need to complete the oxidation of the
nitrogen, hydrogen, and carbon? This is best answered by
Table 111, showing the actual conditions in each case :

Tapre IIL
Pounds af Orymen Reguived to Ceeidise creey 100 M5, of Substarcr.

Oxygen required. ? LB g
s | o EE 88
—=s O R ETe=g
Substance. ] [he] (e = | g | SREaSS
2828|258 <2 82| FEgcEs
| = & ::? = 4 = &0 E éip:.:g
|G Bt o T =l
== W] Mo i B e
| a- = - - =
Gelatine wns e wael aee| G2=30] 52:B {18380 0238-4 2641 2133
Chondrine ... ... I 41°1 | 5678 | 181-0; 2280 | 294 | 1085
Albumen ool AEAT | GBS | 14Y 42430 w0 2219
| |
Cellulose [woomly filire) - 106 {1154 1680 40-4 | 115t
Starch ... o .. o] — | 480671118.4 ) 168°0 | 494 : 1186
Fat [Steanc acil) v — |IOICE 202°55 304070 118 ' 2028

The last column shows the excess of oxygen required, beyond
that already vresent in combination, for complete oxidation.

Source of Oxygen.
The next step is to inquire—Where ean we obtain the oxygen
necessary ! In the course of a series of experiments instituted
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From this table it will be seen that the average aeration at
high and low water between Teddington and Chiswick is a
trifle nnder 80 per cent, of the total possible quantity., This
rapidly decreases until at Woolwich it is only about 26 per
cent., when it rises ngin until it is 90 per cent, at the Naore,
In other words, the water as it flows over Teddington Weir is
well aerated, and is ahble to deal with all polluting matters
contained in it without suffering any material reduetion in
aeration, ie., the rate of absorption from the atmosphere
(actual aevation being 85 per cent.) iz equal to the rate of con-
sumption by the mierobes, &e., feeding on the organic matter.

Tamie V.
Rate of Tons of
alsarpiion. OEYEET
T Tomns per 100 dizsalved
mrillion by the water
cubie fect In section per
prer day. 44 hours,
Tedilington to Chiswick ., . i 1 4
Chiswick to Bt Paul’s Fie : 5 ' B
St. Pauls Pier to Depiford .. Gur LT Wi gl 59
Deptiord to Woolwizh i 438 2104
Wioalwich to Barking Creck . 5 12°8 105
Barking Creek to Crossmess s 131
Crassness to Erith . - 210 I-_-'n%
Erith to Gravesemd ... . L E] IRERGCA RV |
Giravesend o Southend 2 56 : ajn
I'|'||I;.:|'| - o '_'-'{-5 hi

Further down the river this process abstracts more oxyren
than can be supplied at the former slow rate at the higher
dugmu of aeration, and accordingly the degrw. of aeration
falls, which fall is accompanied by a corresponding inerease in
the rate of absorption from the atmosphere, as shown by the
experiments above quoted. When the rate is again equal to
the necessities of the inereased number of q;rgnni.illlq feeding
on the larger quantity of organic impurities, the balance is
once more established, and the acration remasins constant at
the lower rate.

From these observations it is evident that at Teddington,
where the degree of aeration iz 80 per cent., the rate of absorp-




aTptm frg s
L)% ol i the e of g
Pewsling ca the U e
1V,
R T d
“q}m i
T e i i
fin  lrlewe

e G e

e =

S P TP 7
,E 9 Bt : i .ﬂ;

(54

19

tion of atmospheric oxygen will be 86 tons per 100 million
‘eubic feet of water per day, and as the sectional volume of the
river between that point and Chiswick at high water may be
taken at about 250 million eubic feet, it follows that this reach
of water will absorb 9 tons of oxygen in twenty-four hours,
or 41 tons on the assumption that the mean water capacity is
one-half of that at high water. In like manner each section
of the river may be tabulated as in Table V.
These eonsiderations show the enormous forces at work in
purifying our streams and rivers, and constitute the real seeret
~of Nature's method in effecting the destruction of -effete
matters wherever they may be.

Land Treatment and Contact Beds.

Fig. 12 shows the process which the sewage undergoes in
its treatent on elay land with immediate sub-surface drains,

a2
=

. = o . S o b ¢ t =5 R A W
o R e o e e -

Fig 12 —Dingram A Land Treatment.

In this ease the solids are vetained on the surface, and the
liquid passes almost immediately to the inderdrains with more
or less imperfect purification.

Fig. 13 shows the method of treatment on eultivated soil
with underdrains at about 18in. below the surface Here the
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Fia. Th—Diagram B: Lanid Treatment.
effect is necessarily greater than in the first instanee, in con-
sequence of the greater depth of soil: but undoubtedly the
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water will find its way more or less directly by channels into
the drains, the extent of these fissures and channels deter-
mining the quantity of sewage which passes away imperfectly
treated.

Fig. 14 shows a similar state of things when the water is
Put on to a porous or gravelly soil deeply underdrained. For

Fri, 14 —Disgram C: Land Treatment.

o while the results will be excellent, but in the course of
time channels will be washed out, and through these the
effluent escapes.

Fig. 15 shows the arvangement suggested for the more
perfect treatment of the sewage by wmeans of the biologieal

Fro, 16 ~Diagram I: Land Treatment.

method. A certain quantity of the land is removed, and the
sides and bottem of the © bed ™ or hollow thus created may
be puddled with clay, or concreted if on a porous soil, to
make it watertight. Drainage pipes are then laid on the
hottom, and the space is filled with some coarse material, such
as coke, clinker, broken pranite, slates, chalk, burnt ballast,
e, A |]1:n:-:tuuk or sluiee is fitted on the outlel drain, in
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order to lock the sewage in the bed for a definite time, as
already explained. By this means the sewage is brought into
contact with each particle of which the bed is composed,
instead of being allowed to find its way directly to the under-
drains. When a sufficient time has elapsed, the effluent is
allowed to eseape on to a similar bed at a lower level, but
filled with fine materials. Here it undergoes the second
“biological " treatment, and is ultimately discharged in a
more or less purified condition,

A typical pair of beds is shown in Fig 16. It will thus
be zecn that a coarse bed treatment of the crude unsettled
sewage is really equivalent to broad irrigation, and that on
the fine bed to efluent irrigation, but starting in this case
with a better efluent than is uvsually obtained by means of
chemicals ; and thus the effluent from broad ircigation on &
eoarse biological bed is well fitted for the second treatment by
effluent irvigation on a fine biological bed.

From these considerations it will be seen that the
biological process worked out at Barking Creek and Sutton
is lond freadment, but concentrated, accelerated and controlled,
and therefore effective and economieal ; whilst * land treat-
ment” as generally practised is haphazard, uncertain, and
expensive,

The provision of land as a final safeguard may be met
most completely by a third fine bacteria bed or a sand filter—
in other words, by an area of land properly prepared and
drained, and so arranged that all the effluents from the
previous beds must pass throngh it ; thus securing triple land
treatment, but on an area of land considerably less than that
usually employed.

The first example of the application of the system now
known as contact is the one-acre bed at the Northern Outfall
Works at Barking Creek, on the Thames, which for many
years treated one million gallons of effluent from the chemical
precipitation process daily. Fig. 17 shows this. The con-
struction was simplicity itself, a triangular plot of marsh land
being levelled, and covered with “ herring-boned ” drainage
iuipu;: two sides being formed by (1) the old wall of the tunnel
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originally constructed to take sewage to the Essex farms
(2) the river wall of the River Roding, the third wall being an
carthwork dam running from one of the above to the other,
The filling material was pan breeze, obtained from the adjoin-
ing works of the Gas Light and Coke Company.

Disposal of the Solids.

The solid matters in the London sewage were separated by
the use of only 37 grains of lime and 1:0 grain of ferrous
sulphate per gallon, and the sludoe obtained after sedimenta-
tion in the precipitating channels was, and is, taken to the
estuary of the Thames and discharged into deep water ten to
twenty miles below the Nove, where the aerobie organisms of
all kinds effectually dispose of it, an average of no less than
30,000 tons of sludge of about 95 per cent. of moisture being
discharged weekly. Figs. 18 and 19 show the vessels used for
the purpose, one being fully loaded and the other returning
empty.

Introduction of the Coarse Contact Beds.

The fact that the fine-grained pan-breeze bed at Barking
Creek satisfactorily disposed of the suspended matters in the
effluent, which averaged 7'1 graing per gallon, induced m2» to
think that, given proper facilities, the living organiems, if
properly cultivated, would do a much larger amount of work,
and on the 17th of September, 1896, I ventured to wake a
sugrestion in the visitors' book at the works of the Sutton
Ucban District Couneil as follows :—* Why not try putting
large ballast in No. 1 Tank and filtering erude sewage through
it withaut ehemicals.  Bacteria will eat sludge, and save cost
of pressing it, &e. Try it” The suggestion was taken up,
and the Counecil tmined the tank into the first coarse contact
bed, with the result that subsequently the whole of the sewage
was thus treated and all cost of ehemieals, &r., saved, and
excellent effluents resulted from the ﬁemmu]a]'}' treatment in
the fine beds.  The abominable mixture commonly known as
“sludge " was never formed, but only a small vesidue of inert
humus and inaigestible vesidue. The beds worked for about



2

five years, when the humus, &e., gradually filled the pores of
the burnt ballast and rendeved it necessary to renew the
material, the cost of which in eomparison with the former
expense of chemicals and sludge pressing, was negﬁgi!.:]e.
Unfortunately, in one way, the trouble of refilling was, in view
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Fiz, 20.—Genesiz of the Plate Bacteris e,

of the then fashionable putrefactive decomposition in tanks,
considered as too great, and for a time the aerobic reduction of
the solids to humus was looked upon with much doubt.
Having regand to the admitted desirability of avoiding the
sludge nuisance, I made further experiments, with a view to
preventing the choking of the beds and rendering them self-
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cleansing, and, consequently, permanent. The final result was
that 1 found that slates or other suitable material eapable of
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} Fig, 22 —Section of Slate Bed,
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! forming a series of shelves answered the purpose.  The evolu-
| tion of the idea is 'I'Llil_',' get out in F'i;_g. &),
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The dark line on the surface of the plate indicates the layer
of “ living earth ” rapidly formed by the decomposition of the
sewage deposit, which layer receives an increment of about
one-hundredth of an inch at each filling of the bed with
normal sewage. This fresily deposited thin layer is eonse-
quently rapidly attacked by the organisms (worms, infusoria,

- - 3
-#’:‘?;:-f' J Fio. #.—Experimental Beds at Dievizes,
- moulds, and | sria) i T R "
.--""f-e % and bacteria) in the “living earth,” and tharely
il reduced, £

The distance between the respective shelves of slate is
generally two inches, but in certain ecases it js advisable to
have them only one inch apart. Fig. 21 shows the method of

splitting the slate blocks into suitable slabs, which are
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menerally about a quarter of an inch thiek, varying with the
splitting quality.

Fig. 22 shows the mauner in which the slates are placed in
position in the beds, the ends being supported on rough slate
cubes. The dark lines show the deposit of humus and sewage

debris upon them.

Devizes Experimental Slate Beds.
After the !l-n'lim'ilm:'_r !.'lllmrutnr_!.' 1-3:Iy:ri|::1|-|1r5, a trial bed
was erected at the works of the Devizes Corporation. This is

Fig. 24.—Filling Devizss Bads

"i""“"";i'” Fig. 23. The slate bed is exactly one-half of the
size of the secondary fine bed, as the water capacity of the
glate bed is double that of the old coarse contact Eh-._]_lmu’l thus
effects a saving of about one-half the constructional cost of
the bed and requires only one-half the number of cubic vards
of filling material. The success of this system in effecting the
inoffensive destruction of the solid matters, and thus avoiding

the old-time sludee nuizance with all its expense, &e., deeided
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the i,"ni']uurﬂti-lr: 71] :L-iulll slate for filling their new series of
eontact beds. Fig. 24 shows this work being carried out;
whilst Fig. 25 shows the beds finished and at work.

Fie, 26 sliows the storm-water glate beds at the same works.

l"q_;llnwlu;_f Devizes, other authorities soon adopted the
gvstem. At Eﬁ_-_-;h “'}'{;uuﬂm: |'3C]1l.']']!ll1.!r]lll] beds have been at
1.1:'1}r|{ for over five years, and it has been decided to adopt the
system for the treatment of the whole of the sewage. At East

Fig. 25 —Devizes Primary Beads flled with Slata,

Dercham, after prolonged trials with a sewage, which at times
contains 33 per cent, of stecp water from the maltings, the
syslom was Fl-lfllltr-l|. and 18 now being =till further extended.
The sewage from bareacks, particularly artillery, is very
exceptional, and in order to ascertain the practieability of
tl"'ﬂﬁll:.,' it on slate beds to avold the .~:||i-]-_{-.- 1||!i:~'=1:|:'1-. t|'.1-
War-oftice has installed four beds for treating the sewase from
the Deepent and Blackdown Barracks, North Aldershot.

Fi.'—:- :!T "']lfrl"-"'\- fhese, An extension of the method has




OF|

3z

subsequently been made to treat the whole of the sewape at
the Curragh Camp, Ireland, where there is an average popula-
tion of 10,000 soldiers and a number of horses, !"ig, 98 shows
a section of the slateg Leing fitted in the beds.

The effect of climate is often questioned, and in this con-
nection the illustration, Fiz, 28, shows the system at work

at ['rc_mru]_:m‘u, near Calentta, whilst varions installations are

Fro. 36— Devizes Storme-water Slate Beds,

in use in Russia, &c., and the method has now been adopted
under the adviee of Sir Douglas Fox and Partners ani
Michell Whitley, M. Inst. C.E., &e., for the treatment of the
whole of the ::1-:.1.'51;{1.- of a ||u-|rl:|!r|l.iu|:1 of 125,000 at Para, Brazl.

The possibility of using slate slabs for lining the .-ti:n._ll‘* and
walls of beds is well shown in Fig. 30, thus making an
exceedingly neat and cleanly finish.
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into the water of the lower tank ; then when the water rises
up the central column the air imprisoned in the dome 1) is sent
back through the air pipe into the trap and cveates a pressure
which prevents a further passage of water to the bed until the
confined air is liberated from within the feed. The latter
operation is effected_by means of the air transferred from a
dome in the adjoining or the last operated bed, the pressure of

Fri 37 —Adams’ Tiossl Sypho.

this air acting upon the water of the trap from which, when
the water is blown out, the air from the  feed finds exit
Fig. 35 shows a feed under compression.  Fig. 36 the feed with
the water passing through it. Fig. 37 shows overdraw syphon
for timed discharge of bacteria beds. The syphon proper is
placed in & chamber which is filled at a given rate through a
trap which draws its supply from the bacteria bed. When
the syphon starts it not only discharges the contents of the
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Fro. 35.—Burn Bros.s “Sequela” Relief Apparatus.

e

ERRATUM.
Fig. 40, page 41.—The block illustrating Messrs. .l%;“;a;i'a
Burn Bros.” Alternating Syphon, applied to a w B

Colleeting Chamber serving three Beds, has un-
fortunately been inserted upside down.
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Fig, 30 —Harn Eros Bequela ' Altermating Syphon
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chamber but also the eontents of the bacteria bed to which it
is connected by means of the overdraw pipe.

An alternative form to Messrs. Adams' is that of Messrs.
Bumn Bros. The primary filters are usually supplied
with sewage from a collecting or dosing chamber in whi-:h.t.wu
A or more discharge syphons ave fixed, or they may be filled
4 from a supply channel under certain cireumstances. In the
former case a syphon discharges immediately the collesting
chamber is foll. A “ Sequela” relief apparatus—Figs. 88 and
39—is attached to each syphon and causes these to dis-

NI I OO

Fio, 40.—Burn Brose' Alternating Syphons n.r‘:ll:ll.iw'l to o Collecting Cliamber serving
threse Heds,

charge alternately or in rotation with unfailing vegularity.
The relief apparatus, Fig. 38, is divided into three compart-
ments, and depends for its working on the transference of oil|
of a special nature, from one compartment I to another
compartment B wid compartment F in stages, corvesponding
with the number of syphons under control, each relief
apparatus at the commencerent being set a stage in advance
of the one next to it. After a syphon has discharged, the

e oil which has been transferred to the compartment B in the
s relief apparatus is avtomatically retnrned to the compart-
e
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ment 1), and the apparatus is then ready for another series of
operations. Thus, the oil, which is non-evaporative and non-
freezing, is used over and over again, and as it does not come
in contact with the sewage, it remains quite pure and =erviee-
able for vears.

A discharge syphon—TFig. 41—is fixed in cach filter, and in

L'

Frn 4L.—Burn Brog” * Horometer " Timing Syephon.

orider to ensure a proper period of contact of the sewage
with the filter T material each "“.Tl'h”“ 15 pnu'idml with a
“Horometer ” velief apparatus—Fig, 42,

Thiz apparatus can be set to give a period of contact varying
from bwenty minutes to twenty-fonr hours.  The “Hovometer,”
like Ehe "H—uqm-]rl |]L-|H-|ui.=~ pan the transference of oil from one
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compartment to another, but in this case only two compart-
ments are necessary, M and P. o

As the filter fills the oil is foreed, by air pressure, to rise n
a vertical pipe from compartment M above the level of a
vegulating tap, which is set to pass the oil into m1'n[mrt.m~:!11t‘|’
in the time determined upon for the contact of the sewage in
the filter, and as soon as the necessary quantity of oil has been
transferved through the tap the syphon discharges.

After the syphon has discharged, the oil is automatically

Fuz 42 —Burn Pros’ * Horometer ™ Reliefl Apparntus,

veturned from compartment F io compartment M, and the
apparatus is again ready for use.

No '.'..'ut--r—ti'_;ht. brick chambers or 1'(PIIL'EI!I.I'T1H{!I:J[H are |.1'l!|_llil'l.'l:|
in the filters in connection with the !tlll]l’Ll‘.II.',.il_H, It 13
only necessary to eonstruet a screen in dry brickwork or
perforated iron around the syphons to hold up the filtering
material.

The I]IIF.'.'-l'l'llll of the use of automatic npparatus is |.:Ill':_1'|'i"'|.'
one of finance ; in other words, will the capitalised working
expenses pay for the installation, &e.
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Sprinkling or Percolating Filters.
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Fre, 45 —Section of Vivnegar Vab (after Muspratt, 15600

forms of distributors by makers other than those mentioned,
such as the Candy, Caink, Ham, Baker, &ec, my point
being merely to indicate these various methods of distribution.

The first contact beds, viz, at Barking Creek, London, and
at Sutton, were all worked by hand, Their sueeess soon led
ta the S frirest 100 0 distrilute ﬂu* SEWaLe over the surface of
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the beds by a system of sprinklers, so that the beds might
work continuously, as the spray of the liquid would carry
atmospherie air and consequently oxygen into the beds, which
the ordinary contact beds obtained when they were emptied.
This had been considered in connection with the original
Barking Creek bed, but the advantage was not considered to
be commensurate with the expense, That the system was not
novel in principle may be seen from Fig. 43, which shows a
section of a large vinegar vat as described by Muspratt.  The

Fig, 44. .'||'I||.|-I|._'\.'||Ilr!|:| Slate Beds and ."'~|-|".r|li'.l'|'-.

vat 15 filled with beech h]lllkillg.'-i, npon which fermented ]iql.:lrn'
is dripped, thus percolating downwards. The shavings beeome
coated with an organism known as the mpeodernia acelt, or
vinegar plant, which converts the aleohol obtained by the
fermentation, or, as Lieber would have said, by eremacansis,
of the malt into acetic acid, the action being one of slow oxida-
ticm,

Fig. 44 shows this method adapted by Mr. Sidney Loweoek,
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M, Inst. C.E., to the seeondary treatment of the slate bed
ettiuent from the sewage of Machynlleth, and it is embodied
in the schemes for Faversham, Harpenden, and other places,

[lnstrations Fizs. 44, &¢, show various forms of sprinklers
and installations with them in use.

Messrs. Birch, Killon and Co.'s Fiddian Automatic Distribu-
tor, or Sprinkler—Fig. 45—consists of an elongated water
wheel of about 1Sin, diameter, which not only revolves on its
horizontal axis, but travels itself over the surface of a filter
by means of wheels fixed on its axle.

VA —Fuldinn Automatie Distribtor for the Netheravon Cavaley Sehonl, Salisbary Plain.

It is connected by a pipe to a supply of sewage or tank
etluent, and the sewage falling over weirs into the buckets of
the wheel spreads itself along the bucket (divided for conveni-
ence into sections), and its weight causing rotation of the wheel
drom, it falls from the luckets in rHt'rrmM:r small doses,
.»1:r]]1|-.',]i:1_':: the filter until it eovers the whole surface equally
in every part, the weirs being graduated in length on a cireu-
lar filter to secure this result.

The distributor is used on all kinds of fillers. In plan,

-

large ones arve usually either circular, as at East Dereham, or
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rectangular, as at Nuneaton, but small filters are usually ciren-
lar. The head required to operate the distributor is about
18in. (no dosing or measuring tank being required), and this
should be allowed between water level in tank and top of
filtering material. No head or foree is required to drive the
distributor other than the sewage itself,
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Fra, 46.—PBurn Broa' It-u-rnr.v Bprinklers,

The Fiddian sprinkler has wo small holes, the waterway
throughout being large and unrestricted, the distributor is
always efficient, with little or no attention except for ocea-
sional lubrieation.

(2) It distributes any quantity, with equal efficiency. The
smallest dribble will fall into a bucket and acevmnulate wuigi}t;

s
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until it revolves the wheel drum, whilst a larger volume will
keep the drum rotating over the filter.

(3) It distributes the sewage uniformly and in the smallest
possible doses over the whole surface of the filter with suit-
able rest intervals, and not merely in spots or lines far apart.

Burn Brothers’ Patent Automatic Rotary Sprinkler—Fig. 46

has self-regulating apparatus for dealing with wide varia-
tions in Hlow from one to five, or even six, volumes, and salf-
eleaning orifices. This sprinkler has no “Seal,” as the regu-
lating deviee prevents the centre tank overflowing and renders
this unnecessary, The self-cleaning * Fingers " applied to the
orifices overcome the difficulty of choking experienced in
some sprinklers, enabling the machine to run for long periods

-one to three weeks—without attention, whereas many
sprinklers require constant attention to keep the orifices clear.

Spreaders.

In Messis, Mather and Platt’s system the effluent from the
measuring chamber is fed on to the beds by means of
Spreaders, which may be either fixed or moving. The Fixed
Spreader, as its name indicates, consists of a suitable arrange-
ment of half-round pipes with serrated edges laid over the
surface of the filter bed or beds, the pipes being suitably
41]'5,-;*;u.~;|_'4l to allow of uniform distribution of the effluent.

In the majority of cases, however, this firm considers that
it is advizable to use Moving Spreaders, because not only is
the effluent more I.‘“.'L":]]:.' distributed, ut o eortain amcount of
beneficial intermittent sprinklinge is assured, which aids the
bacterial action, and !u'mhu‘.l'-x A lli_-__-;hm' degres of i‘:n:'iiit_‘utiu['h

Messrs. Mather and FPlatt have designed and installed a
lavge number of successfully working Automatic Rotating
Spreaders with open-trough arms (Fig. 47), in which the re-
action of the ligquid issuing in jets from the arms effects the
desired rotation, this being aided by the special form of
turbine centre used, which assists the seaction of the issuing
jets. The open-trough Rotating Spreaders of Messrs. Mather
and Platt have been constructed sometimes with two arms,
but more frequently with four arms; the area of bed covered
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ranges from 14ft. dimmeter to upwards of 200ft. diameter;
thirteen electrieally driven Rotating Spreaders of 207ft.
diameter, in addition to the smaller ones, have recently been

(=

Matler amd Platt's Automatic Rotating Sprenders.

7.

Fie.

constructed for the Huddersfield Corporation, the most im-
portant scheme of distribution of sewage by rotating spreaders
hitherto put into exeeution. :

Fige. 48 and 40 show Messrs. Adams' © Cresset” Dis-
(]
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Fig, 48 —Adams’ “ Cresset " Distributor.

tor. The .'f-::vEt]I!. between the L'-.-‘.'u:-|'pi|:__,r and the fixed ]nn'ti--n of
the distributor is made by means of an airlock trap of annular
form,

Contact v. Sprinkler Beds.

There have been many discussions as to the relative merits
of eontact and -"-Ell.'.trll:n.i.'.'l' heds, with the net outeome that
contact beds have by ne means fallen mto the disuse some
'.l,l.|_';'-:||_".|_[l--. -|f L|'||I ;=|I1|-:-:|;|ril.-- ||||"|_I!|.|"E wotlld seem to desive.

For instanee, after ten years' experiments, the whole of the
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sewage of Sheffield is to be treated on a series of 30 acres of
contact beds, Again, in the Fourth Appendix to the Fifth
Report of the Royal Commission, a report is given on the
experiments made by Prof. Perey Frankland and Mr, Silvester
on the treatment of the sewage at Oldbury, the summarised
result being (p. 464) ;—

“(3) That, working at approximately the same rate per
cubie yard per day, triple contact filtration gives a better
result than Ll‘iplr Iu-.l'q‘_:u;u]u.ﬁapf_: filtration,

Fig, 40.—View of Central Column and Revalving Body,

it will be seen seen that, |-NL-+-[|L as |1_=E_rﬂ|ﬁ!x oxidised
nitrogen, the percolating filter efffuent is distinetly the inferior
of the two. As it also contains more sulpho-eyanides than the
contact bed effluent, the result may perhaps be looked Upon
as furnishing further evidence in favour of the theory, first
put forward, I believe, by Dr, (i. J. Fowler, of Manchester,
that, by reason of the much longer time of contact with the
filtering material, contact bed filtration is preferable to pereo-
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lating filtration, where chemical substances which have the
power of inhibiting the development of bacterial life (eg.,
phenols, as in this case) are present in the sewage to he
treated.”

“These experiments have an important hearing on the
recommendations contained in the Commissioners’ Third
Report. They show that it is practicable to purify sewage
containing large quantities of gas liguor, but that special
arrangements are required. Some witnesses have stated that
the treatment of such sewage was impracticable.”

In disenssing the relative merits of contact and trickling
filters, Kinmieutt, Winslow and Pratt, in their work on “Sewage
]}islhnsn]," 1910, obaerve that “for certain .-ap-e-:‘.iﬂ..l 'prf_rhh,-lnm
however, the contact bed is better suited than the trickling
filter. Tte effluent differs from that of the trickling filter in
two important respects, It contains only a small proportion
of mineral nitrogen and is comparatively free from suspended
solids. Another distinet advantage of the contact bed under
certain conditions is the low head under which it can be
operated. A trickling filter requires at the least 5ft. of head
for the bed itself and for the distributing apparatus, while a
.]ul.ll_rh! contact ]}l;!il 1'01111], if ]Il,!m_’!-].‘jl'l.'r‘j-', he erowded into Sft
Altogether a contact installation lends itself to compact and
ineomepicuous eonstruction, which is of much practical import-
ance in the design of small plants for institutions or for private
houses. The contact bed produces less odour than the trickling
filter, and does not breed flies as the trickling filter does, It
may therefore safely be installed much nearer to dwellings.
Another advantage in the contact system for small disposal
plants lies in the fact that it adapts itself more readily to
marked irrecularities of flow than does the trickling bed.”

Biological Activity on Slate Beds.

The account given of the action of a slate bed in etfecting
the disintegration and destruetion of solid matters will show
the remarkable power of the method. Some observations as
to the number of bacteria in the deposita will be an interesting
addition to the facts already related. For the purpose of
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ascertaining the condition of the deposit T eollected samples
from the beds treating the sewage of Devizes. Cultures on
nutrient gelatine gave the following results . —

Tanuk VI,

Dieposit on wnder
surface of slates
18in. below surface,

Deposit on top of alates
15in. below aurface,

Moisture in mud, per cent. .. i [
Colonies developed on nutriont

wgelating per gram of wet

VT R A e e R A 000 RO 167 000,000

With the view of obtaining a further insight into the
question, I eollected two series of samples of the deposit on the
slate biological beds—one from those at Devizes, after they had
been at work for fourteen months, and another from those at
High Wyeombe, after about nine months' work., These two
series are of special interest, as those from Devizes are from
sewage of an exceptionally foul character, whilst that of
High Wycombe is probably one of the weakest in England,
and the two series may be taken as fanly representing the
extremes in this respect. It must not be overlooked, how-
ever, that sewage debris is of about the same general character
whether the volume of water is more or less, the strength of
the sewage affecting the character of the efluent to a greater
extent than that of the deposit.

In each series three samples were collected in such a manner
as to follow the variations which had taken place with the
inereasing age of the deposit, viz.:—Sample No. | was care-
fully scraped from the surface of the deposit, and may bLe
taken as representing the most recently deposited debris, with
its adhering bacterial gelatinous film, &c. ; sample No. 2 was
collected as nearly as possible at about half-depth ; and sample
No, 3 was taken from the under portion next to the slates.
It was noticed that in each ease large numbers of minute
worms, monading, anguillule, and other organisms were
present, the worms especially indicating the aerobie conditions
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which prevailed, The following are the results of the
respective examinations ;-

Tante VIL

e Lartils Med I,l'-.l'..l.','.q Sate Beds af Devize '} November 15308, 1008,
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on mliles,

A veragre,

Per Sont.

Per cent,

Moisture, ., 00 =007
Mineral matter 05 £7R
Clrgame mnkte 11 1116
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O dirted mud,

Mineral muttor 4240010
Ohranie matter R
o0 140
Ether extenct (fat, &e s
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nic nitro £ ofhR |
' Jroz 3 1 1 A
105 hefifi 450 ]
B R LIz i LIERF4
Albaminoid armmonis 0-11% 145 [IRIEL
Eacterin, P Eram 725 (L 00 40500 000 | 40 000,000 A =00, 000 G0

Microscopical Kremination.—Large numbers of worms,
monading and other infusoria, anguillulse, bacteria, both free
and in the 'z!lill‘-.'_'\_'llt':'l, condition, and usual SeWare debris,

In each case the deposits were without offensive odour, such
as would have been evelved from an ordinary sewage sludge.
In the bulk the odour was deseribed by D G. J. Fowler and
others as slightly resembling that of seaweed. It is most
i:|||]1rr1't:31|1_ to notice that when l-:r]rl. for a time in closed bottles
an extremely offensive odour was evolved, due to the deeom-
position of the organisms which freely flourished under normal
aerobic conditions, When the deposits were vxihl.‘ie‘-:l to the
air and allowed to “ weather,” as it is genervally termed, the
mass became friable and odourless,

I am |-:i1|-||:r pﬂ'lné[lcd by D (i J. Fowler, Consulting
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Chemist to the Rivers Committee of the Corporation of Man-
chester, to quote the following results, obtained by him in
collaboration with Mr. J. Clifford. In Table IX. are
civen the results of analyses of material from the Devizes
experimental slate beds,
Tanue VLI,
Sewouge Mud from Slate Beds b Mgk Wirewmbe, September 280k, 1906,

I Bottom layer

=i Surface of | Half.dupth |
J - dleposit of e pasit of deposit |  Average.
ol slates, ofn Blates, on 8lates, |
i | Per eent, Por eent. Por cent. Per cent,
Modsture... ... ... Bi6s B3 8488 H428
1 Minernl matier . ' 75 .r ) T8 i i
5 Organic matter ... ... £37 M T6E 500
& 100:00 100:00 10000 100-00
o dfrieed meued, |
o Mineral matter ... . 18496 | 4940 | HrET 49-11
Ll:rgmwc matter ... G134 M0 | LU e
; 1:84 388 224 247
F.:.Iur.-r extract :ra.r &) 513 712 680 G758
|5 Urganic earbon - ... ... 1731 | 2507 ai16 148
Clrganic 1'||thw.-n g e B | I G4 Ta 304
Ratio ¥ : C ... 150 L: 54 1:62
Ni |l.mgt-n on dried ur|.,u.u||
matter... .. | fifi -2 i T
|
- ey aoed mend, |
e Free smmonia ... 0065 | 0085 00650 0043
Albuminoid ammonia o250 | 250 0-285 252
lat Barcteria, e gram ven | DEROGOIOND 0RO | 1R OO0 N30 0 (R, D 1-:'.!_:,I:||:IE|-,I:ILILI
|
Tk

Microscopical Ezamination—Usual sewage debris, with
large numbers of small worms, monadina and other infusoria,
anguillulie, bacteria, both free and in the zoorloea condition,

Facilities for earrying out a bacteriological examination of
the deposit on the Devizes and High Wycombe beds were
|-.|m|h furnished by Professor Delepine, the work being done

by Dr. Sellers under his supervision, Thke results are given
in the following table, which also gives Dr. Fowler's results of
the examination of the same deposit, It is interesting to note
the apparent correspondence of the oxidation test with the
bacteriological results. This test consisted in passing equal
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volumes of moist air over known weights of the samples
thenee into standard ]ull'_}'tit-‘-'mh't'. amdl titrating the residuoal
baryta with oxalic acid.

L &l L P - - &

The production of earbon dioxide increases with the ntm by
of bacteria present; but other factors, such as worms, must
not be overlooked,

An important point brought out in these investigations is
that instead of the few millions of bacteria per gram formerly

TanLe IX.

smumiples af Dnsventherod and Weathered Llepoait from the Erperimented Slate Reds
at Devizes—Coliected Fuly StA, 1905,

Unweathersd, Wenthered Unweatlored Weatlhersd
1 mm. 1 manm. 4 mm, § mm.

P'er cent, IMer oot

Organie matter
Carbon in dried  sube-

ataspoe, 100 deg.. it b 16584
ATEFRTE .. -'_"Ii"-:.-_'i ":T'-i-l BT “-_.||_-..;-
Hydrogen in dried sul.- | b0 =35 ¥
stance 100 deog, .. | 118 g G-
Averape Rk W) || ey

Nitrogen in dried subs
stance, 100 deg.... ol 11" a'dl 153
Carbon on organi

TR ik TR Bl
Hxlriogen 72 55 1
Milrozen E = a7 14 15
Hatio & : C I 158 1 130

supposed to be present in a sewage deposit in an active state
of fermentation, there 1= now elear evidence that the number
is far greater, and, in c mjunction with the enormous number
of other and larger organisms, explains their remarkable
power to effect the inoffensive decomposition of sewage
matters on  superposed surfaces under aerobic conditions,
Colm estimated that 40,000 millions of bacilli would weizl
one grain, or 620,000 millions per cubic centimetre. In the
pbove counts we find 3,167 millions in one case, Table VI,
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equal to 0°5 per cent. of the total possible, supposing the bacilli
to have been packed iike sardines in a box !

Sample seraped  from
middle layer of deposit
on slates, Devizes,
November 21st, 1806,

Sample  seraped  from
ot tom layer of deposit
next slates. Devizes,
November 21st, 1904,

Sample taken from dry-

ing beds  thoroughly)
weathered.  Devices,
November 21k, 1006, |

[tevizes : Top layer
Middle layer ...
Bottom layer...
hly

weathersd from
drying beds.

Tanre X.
Ether extract, |
Lamss om | : OxLdation teat.
ignition. | . dry Chi loss I ol
. (it
material| ignition. |
_I_ — | — —
552 o) 110 | 1 gram dry material
N :
| =200 = i
| | 0.0 ) axalic
| [ = 1084 mgms. GOy
| = 1984 mgme. COy o
[ IgAnie matier
4585 S l Hi 1 gram dry material
| =TV e 16 oxalic
| B35 mgms, Oy
[ | = 774 mgms, CO, on
arganic mattor
A7 B L i3 1 gram dry material
= ] e % oxalic
§ i
= 0044 mgm. CO,
| = "4 mgims. O, on ,.:"'
| urganie mntter
TasLe Xl
Bacteria T i
per gram. Prevailing type
R, 2000, (M | White, non-liguefying ; coli-like ; few
| moulds,
SAOHA, TR M0 Many moulds ; :.'l.'HI'J'P', ”'ilH‘.W}’iHE; fiow

S50, (M, 000

A oD, DN

cali-like.

White, non-liguefying ; numerous coli-
like ; moolds not numerous,

White, non-liquefying ; many liquefy-
ing ; moubds numerous.

We may now summarise the present position with regard to
the aerobic biological treatment of sewage by the following
E
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diagrammatic sketch of the best available systems. It will be
observed that anaerobie, evil-smelling and sludge producing
methods are excluded from eonsideration, as these are out of
date and do not invite further consideration. They are but a
barbarie survival of the past, and inevitably must fall more and
more into disuse. 1f gnaercbie methods are so good as some
few still argue, why not mlﬂpL the whaole pr;nl;;i,I:Jrg for the
final treatment of the effluent? Simply because it cannot be
done—oxidation susd be resorted to sooner or later, and we
may as well start with it at once and thus avoid all the evils
of putrescence.

Water-carried Sewage,
PRIMARY AEROEBIC TREATMENT.
Broad irrigation I li.-if'l:m.r-}:l- intao Artificinl aepolic
tidal water biological trentment

TREATMEXT OF SOLIDS.

Ploughing into i
roundd Caollection of humus Hetention of huomus
from sfate bieda in eoarse and
mrnd weat I:r:r.i:uj:' 117 elinker bed, which
garden soil st e eleunsed

every few Yedrs

EFFLUENT OK *sECONDARY " TREATMENT.

Irogntion  Discharge into  Aerobic treatment Aerobic treatment on

tidal water on fme coutact beds porcolating beds
Ak = :
Coarse material Fine material
j:|| ']E"‘:']' |‘n'\|n in shallow beds

.“'-I"hhlll'll:'ll'l-ll[iilcl; nad fltration
Lo collect humus
TERTIARY TREATMENT IF REQUIRED.

| ! 2
Bamd filters [rrigation Fine contact beds Percolating beds
Sedimentation and chemical precipitation which produce
anaerobic sludee are, of course, omitted from this scheme.
Even if a non-putreseent sludge conld be oltained Ly any
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reasonable method of chemical precipitation, the system would
still be undesirable on the question of eost alone. By
abandoning chemieal precipitation and sludge pressing at
Devizes the annual working expenses were reduced from
about £700 per annum to £200), and similar results illq_‘vit.a.hl_}'
follow in all hike cases, the practical outecome being that the
saving on working expenses paid the intevest on capital and
repavment of loan, so that the new works were to all intents
and purposes a fiee gift to the ratepayers, in addition to the
advantage of effectually stopping all nuisance and complaints
of every kind,

From the analysis of the weathered humus resulting from
the aecrobic treatment, it will be seen that it has a high
manurial value, and being perfectly inoffensive, is available
for immediate use, thus sceuring the long-desired result of
obtaining the maximum fertilising qualities from the solid
matters consistent with their ecconomieal and  inoffensive
treatment.
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