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The sewage first passed through a settling
chamber for road detritus, and was thence
pumped alternately through either side of a
divided tank containing a shallow bed of
coarse broken stone to arrest the coarser solids.
“ The impurities in the section thrown out of
use disappeared rapidly in its interval of rest.”

The liquid next passed slowly through four
straining tanks filled with stones and gravel,
whose function was said to be ““ mere mechanical
sedimentation.'”” As soon as these became
clogged a plug was drawn, and the sludge
emptied into a separate ‘‘aerating tank,”’
filled with stones and gravel, where air was
driven constantly through the mass, and as
soon as active bacterial action had set in the
sludge was rapidly dissolved.

Air was also forced through the straining
tank till it was again in condition for use.
Apart from the complexity of the system, we
have here, in place of the regular intermissions
for rest and aeration as used in England, a
continuous working, assisted by forced aeration,
with its accompanying expense, at longer
intervals, the compensating point being claimed
that a larger volume of sewage can be treated.
The action here is obviously entirely aerobic,
but as we shall see later, can be obtained
better by a preliminary anaerobic treatment.

Following the success of the Barking experi-
ments, an installation on the samé principle
was started at Sutton, Surrey, at the beginning
of 18g4. The filters were of different materials,
but again showed coke breeze to be the best,
with burnt ballast as a good second, the latter
being very simply constructed by digging out
the clay to form a pit about 3 feet deep, and
filling it up with the same clay after burning,
the cost of a filter of this kind, having an area
of rather more than one-tenth of an acre, being
given as less than £100, including all charges.
It will be remembered that the cost of the
Barking one-acre coke filter was stated as
£ 2,000,

Up to this time the filters had been fed with
an *“effluent ; ' that is, a sewage prepared by
straining, partial chemical precipitation with
lime and ferrous sulphate, and sedimentation. In
November, 1896, it was determined to abandon
precipitation and to prepare the crude sewage,
after the removal of the grosser particles by
screens, by running it into a *‘ bacteria tank '’
containing coarse burnt ballast, previously
inoculated with a liquid containing the bacteria
which had been found effectual. The fluid
from the tank was further purified, as formerly,
by coke breeze filters,

After three months' working Mr. Dibdin was
able to give a satisfactory report. The oxygen
consumed by the organic matter was reduced
by the tank 66 per cent., and by the filter beds
to 86'5 per cent. The solids in suspension
were reduced by the tank g5 per cent., and by
this and the filter gg°6 per cent., while the filtrate
was practically clear, had no objectionable
odour, and did not putrefy on keeping. The
process has continued to the present time with
satisfactory results, except when the filters
were  overtaxed, ““some of them," as Mr.
Dibdin reports, “having been purposely
worked up to a rate of nearly three million
gallons per acre per day, with the result that
the bacterial action was evidently checked, as
shown by a decrease in the production of
nitrates and an increase in the guantity of
organic constituents in the effluent. As the
result of careful watching, however, no
permanent harm was done, as the filters
were immediately restored to their usual con-
dition, when they proceeded to give good
results."

This remark points to the conclusion that
when there is reliance on presumably aerobic
filters and organisms for combined liquefaction
and nitration, indiscriminately, in the same
receptacles, the result 15 apt to be varmable,
and to depend on ** careful watching,” an in-
ference that is borne out by Mr. Dibdin's
figures as given in his later report of analyses
during 1896 and 18g7.

The average results in his Table I have calcu-
lated, for the purpose of comparison, to a uni-
form chlorine content of 12-84 parts, which is
the average given for the Sutton crude sewage.

It will be observed that the chief purification
oceurs in the bacterial tank, and that a large
proportion of it consists in the removal of the
suspended solids. The following are further
particulars of the Sutton Works :—

The bacteria tanks are three in number, con-
tain 3k ft. of burnt clay ballast, and are 183
square yards inarea. The times required are :—
Filling § hour, resting full 2 hours, emptying
1} hour, resting empty 2 hours. Two or some-
times three cycles are completed per day,
according to the flow.

The population of Sutton is 13,000, and the
daily dry weather flow of sewage, on the sepa-
rate system, is 350,000 gallons. At present
only part of the scwage is treated bacterially.
The beds have been working for the last three
years, the coarse bed dealing with the screened
sewage at a rate of about 1oo gallons per
square yard per day, and the fine bed at a
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lengths of sewers. He began on a practical
seale 18g1 by constructing at Ashtead
a bacterial tank into which the crude sewage
was admitted from below and gradually passed
upwards over the surfaces of a bed of stones.
He found that the liquefaction of the solids was
so effective that the whole sludge of seven
years from a household of ten persons was
absorbed on nine square yards of land, causing
no distinction in appearance between this soil
and that surrounding. The space beneath the

i.11

under grating of the tank had a capacity of |

less than five cubic feet, and would obviously
have filled up in a short time but for the
liquefying action that had taken place.

In 185z his process was examined by Dr.
Houston, and later by Dr. Sims Woodhead and
myself. Dr. Houston's report of 1893 is prac-
tically the first literature on the purification
of sewage as a whole bacteriologically, without
deposition or chemicals and with hydrolysis

by micro-organisms of the grosser organic
matter as a prelude to further treatment,
a point which is not mentioned in the
Massachusetts reports.

In this way the difficulty of the production
of sludge was completely disposed of. 1 hawve
shown how a great part of this, during or after
liquefaction, disappears as gases. It is
obvious, however, that the remaining liguid
will retain the ammonia which has been pro-
duced by the hydrolysis, topether with
residues of nitrogenous and carbonaceous dis-
solved matters, so that judged by ordinary
standards of analysis, this liquid, in the first
stage, will show somewhat large amounts of
carbon and nitrogen.  As examples of some
effluents from Moncrieff's anaerobic tanks,
derived from heavy domestic sewages during
the early stages of experiments, I may quote
the following analyses made by C. G. Groves
for the Thames Conservancy, and by myself:— °

FARTS PER 100,000,

| |
Date. Analyst, '-“‘Jggl‘ﬂ'-';fr:"'i isteined ck Ammonia. Mbﬁnﬁf:fiiﬂ £ Davgen,.
|
|
May 7th, 1808 ........| Groves. | Trace 1010 1074 150 o8 54
June TEGhE e Groves, | 1) 1120 210 Fha (3} 30
July 18q7 1 Rideal. ]| o i 191°5 5o | ora 07 8z
i 1 1

With reference to the first sample, Groves
remarks that it contains @ large amount of
easily decomposable nifrogenous organic
wiatter in solution. This great instability of
the organic compounds that come over from
cultivation tanks is the principal feature of the
Process.

With the object of obtaining an oxidized
effluent, Moncrieff then duplicated the tanks
and used them alternately with periods of
aeration and rest. The effluent obtained
was clearer, and had less odour, but showed
practically no nitrification. That the liguid
was ready for natural oxidation was shown
by the fact that when at Towcester in 1893,
the effluent was passed into a small brook,
the water actually became clearer below
the discharge than above it. Efforts were
then directed towards carrying on this final
change within the apparatus. It was first
tried to obtain nitrification by passing the
efflucnt through the ‘“ nitrifying channels,”
consisting of half drain pipes joined in line by

cement, and filled with coke. But the result
was not commensurate, for the reason that the
right organisms were not developed. During
the transit, the liquid was largely exposed to
the light, whereas it is known that the bacteria
forming nitrates thrive best in the dark. It
was noticed that denitrifying organisms, which
are not so sensitive, had actually in some
cases reduced existing nitrates, as pointed out
by Dr. Houston in the Ashtead experiments.
How the difficulty was afterwards overcome by
the construction of the nitrifying trays will be
described in the last lecture.

Up to this point there was still a belief that
hydrolysis and aerobic nitrification could be
carried on successfully in the same tank. At
Aylesbury air was forced in by a steam jet,
with this object in view, but the result was un-
satisfactory.

It was concluded finally that all the nitro-
genous organic matter must be as I’al:_ as
possible broken up into ammonia before being
oxidised to nitrates, and that these two re-
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actions should be carried on in separate areas,
the one under anaerobic conditions, and the
second with free admission of air but not of
light, when the distinctly nitrifying bacteria
should be free to work without being interfered
with by conditions favourable to other organ-
isms, or by these latter organisms themselves.
In very strong sewages there seems almost no
limit to the capacity of the hydrolytic fer-
ments to break down nitrogenous matter into
ammonia.
the organisms that effects this function, 5.
mreyeoides, could thrive in a medium containing
two parts in a thousand of caustic potash,
equivalent to 660 parts per roo,oo00 of free

ammonia, and in septic effluents in the first |

stage I have found as much as 3o to 4o parls
per 100,000 of NH,.

But it was found, on the other hand, that
there was a limit to the amount of anaerobic
change if nitrification is to be carried to a
successful issue.

Thus, in recent experiments at Caterham,
dealing with a heavy sewage containing 18
parts of Cl per 100,000—the entire discharge
from the barracks—the preliminary process
was pushed much further than usual, to try if
it were possible to carry the anaerobic fermen-

Thus Marchal found that one of |

tation too far, with the object of ascertaining
the most favourable point, by estimating the
free ammonia, and finding what amount gave
the best results in nitric nitrogen., Exception-
ally anaerobic conditions were introduced, by
means of inverted open-mouthed glazed earthen
vessels, about 400 in number, piled in a tank
2o ft. by 10 ft. by g ft. deep, and kept down by
weights. Each pot became filled with gases
of the character 1 have described, devoid of
oxygen, so that there were a large number of
surfaces on which zooglea colonies of bacteria
could quietly develop in contact with the
percolating sewage. The result was an effluent
containing 126 parts per 1oo,000 of dissolved
solids, 35 of free NH;, and 53 of organic
nitrogen. The liquid was now highly toxic to
any but anaerobic organisms, and absolutely
refused to nitrify. When diluted, however,
with a few volumes of natural water it rapidly
became purified.

In 18g5, Mr. Cameron, City Surveyor of
Exeter, introduced his ¢ septic tank’ process
for the treatment of a portion of the sewage of
the city, comprising about 2,000 persons, on
the combined system, yielding about 50,000
gallons of sewage. After passing through a
grit chamber where gravel brought down by

automatically,
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* Area of each filter, 80 square yards; and depth 5 feet = volume 22,500 gallons.
Effluent introduced at start = o6 of above volume .*. o*4 of original volume = coke.
Effluent introduced in ordinary working from 8,000 —9,000 gals. per filter.
A, B, C, D are collecting wells, receiving filtered water from the four filters in use.

By means of the alternating gear, each filter in rotation is filled, discharged, and agrated
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sewage consists of nine perforated trays con-
taining coke, supported vertically over one
another at about three inches apart. Each
tray has an effective area of one square foot
and contains seven inches of coke, broken
to one inch diameter. It requires only from
eight to ten minutes for the liguid to pass
through all the trays. (Fig. 5.) In the early
part of last year, after the apparatus had
been running continuously for three months,
I collected on two occasions samples from the
different trays and examined them separately.

The rate of flow was approximately measured
as follows : —

e Equal to gallons
l::: 4. foot. ok 1:::':‘:’ ¥
Jan. 25, 1898, | 1 litre in 15 minutes, BE4,000
Feb. 8, 1898, | 1,140 c.c.in 12 mins.| 1,253,400
Mean . 1,071,500

The results of analysis are given in the
Table :—

PARTS PER 100,000.

| L I, 1L

| o 9 0 g 0 9
Chlorine PR PRI TRT T B kL 63 Gy 55 5
Ammonis ......... sensssssnsnians II°5 025 425 o755 40 042
Albominoid ammonia ......ve00000] 175 060 2'03 0475 1452 o107
Nilﬁﬂnitmgm --d+ll|ll||-llllll|+||--; o2 gﬂ nomne 5'9’3 none 4'3.1.
Nitrous nitrogen e A ..1 none slight trace none o obh none ooy
Tﬂlﬂ] “nm-imd N'l!-l-!il Bd EERAEH A A l-l; lz'jj ﬂ'h ﬁ‘ﬁﬂ 1°12 5"35 b']qﬂ
e e e e i : 2108 0394 310 0'50 200 o113
Tolal nHToFen’ ... dasua s s LR AT 2:60 660 716 5:35 4522
Oxygen consumed. .ouuvvernnenrene.| 984 o'58g 05 o608 752 ob3z

PER-CENTAGE PURIFICATION.

I. II. III. Average.

{I} ':'-'It...fll-gc“'Eﬂ"''"""‘.I'J'.III"".\'L.I FEEmrEER R s e E'“ 93.3 9"6 gj
(2} Dxidation of DIrOEEN. . vies s issnns 037 By3 gyl 7 grh

The progress of the nitration is indicated in
the annexed curve (Fig. 6, p. 33), on which I
may offer the following remarks :—

1. The nitrate has developed with extra-
ordinary rapidity. This may be seen from the

following Table of effluents, which gives in the
I first column of each heading the original results

and the chlorine : in the second, the results
caleulated to a uniform 10 parts of chlorine, to
admit of comparison :—

TABLE OF COMPARATIVE WITRATION.—FPARTS FER 100,000,

Scott-Moncrich,
Gﬁf:k" ' | Garfield: | Dibdin: C:Emcrnn :
facturing, Domestic, Sukton. xeder. I iL. L
|
CharBe e 22% | 10| 31%0| 20 |22 130 ¥ i 75| o | by LLER L
|
T R[] R s ol | ‘sz |trace| trage|trace trace.  cob [ teg | cegg | ‘obe
19 Al PURETRES  ausaaneuneuran's nuain I 1’53 | 120 | 1706 | 151 go | 120 | 598 | 0%35 (434 |79
Osddized N oeessssens sseesnsnenes] 2267 | 0775 | 0902 | 086 |2720 |1v35 | v'ob | r'sz | oo | 1zo | G'og | oty (4737 | 790

—

2. The formation of nitrite is much less
marked ; it rapidly reaches a maximum and
then declines.

3. The free ammonia has been almost com-
pletely oxidized ; at the same time it was
noticed that the original yellowish colour,

black suspended matter and sewage odour had
disappeared.*

* Tt fe stated that * by transposing the trays so as to upset
the natural survival of organisms in the sequence, the whole
process was arrested, o high-coloured and inferior efffuent
being the immediate reslt, and one or oo days were requined
to re-establish the conditions that had been disturbed,™






















