INDUSTRIAL WASTES AS MANURE.

lIl. The Utilisation of Refuse.

By R. D. Rege.

Refuse consists in general of street sweepings and household
waste-material. .The former, in addition to mineral matter, contains
a varying quantity of leaves and similar organic matter according
to the season of the year, while the household refuse is made up
of ashes, food waste, e.g., vegetable trimmings, bones, fat, paper
tins and other containers. The composition is thus extremely variable :
its disposal, and still more its profitable utilisation, raise man);
difficult problems.

The simplest method of disposal, and one formerly frequently
employed, consists merely in dumping the material in low-lying land on
the outskirts of the town, the sites thus filled being utilised sooner or
later for building purposes. This system is, however, now generally
recognised as objectionable and likely to be detrimental to health,
such collections of rubbish forming breeding grounds for flies, while
the decomposition of the organic matter contained in the refuse leads to

unpleasant odours.

In the interests of sanitation, therefore, dumping has been suc-
ceeded by incineration and various systems have been employed to
make this as economic a process as possible. In more advanced com-
munities the refuse may receive a preliminary treatment before in-
cineration, usually with the object of recovering the fat which is of
considerable value. The material is then burnt, the heat produced
in the process being utilised for the production of steam, water-gas
or electricity. The ash left after incineration may again be used in
the making of bricks, concrete, etc., so that very little real waste
need occur. In smaller places, however, where less elaborate
methods have to be employed, no such use is made of the process

which then becomes essentially wasteful.

It is evident from its composition that under favourable con-
ditions, refuse may be possessed of a not inconsiderable value as
a manure, and in India where organic matter rapidly undergoes decom-
position, it is quite commonly used for this purpose. The method of
employment, however, varies. In some cases, the dry refpse, usually
containing a considerable quantity of leaves, straw, etc., 1S spread on
the fields and then burnt just before the land is ploughed. In other
districts the material in a fresh and more or less undecomposed condi-

tion, is ploughed into the soil without being burnt. In a third
method the material is composted in pits or heaps for some months
before use whereby the organic matter underg
change and becomes much more avallable.
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Considering these three methods it will l?e seen that in the
first, only the mineral material of the manure is finally InCorpora-
ted in the soil and while the actual process of incineration may in
some cases have a beneficial effect on the soil, this does not com-
pensate for the total loss of the nitrogen and the organic matter.

The second method may be actually injurious as the presence of
considerable amounts of undecomposed carbohydrate material may set
up denitrification and lead to a loss of crop.

The third method, if properly carried out, is undoubtedly the
best. The organic matter is brought into a proper state of decom-
position before use while retaining the bulk which has so beneficial an
effect on most Indian soils, and a considerable portion of the nitrogen

of the manure is conserved.

Unfortunately, however, no care 1s generally paid to the com-
posting process, the material being merely exposed in heaps to sun
and rain with the result that a very considerable proportion of the
nitrogen and much of the soluble mineral matter 1s lost, and the
fertilising value of the manure much reduced.

It is obvious, therefore, that it would be an advantage if methods
could be devised whereby such waste material could be rapidly
converted into an available condition without undue loss of nitrogen
or other valuable constituents. It might then be possible in the
larger towns, at any rate, where many tons of such refuse are collected
daily, to convert this at a low cost into a useful manure.

The present paper contains an account of an investigation having
as its objects the study of the decomposition of refuse under various
conditions.

The material employed has consisted of the mixed refuse collected
at the Indian Institute of Science, Bangalore. The average com-
position of this is shown in the table below :—

TABLE 1. ..

Composition of mixed wvefuse.

Period of collection
October to March  March to October

Per cent, Per cent.
Nitrogen ... 1'S to 1'74 0-84 to 135
PO - .. e 0°32,, 064 0-06 ,, 010
K,O . 174, 262 060 ,, 0'89
CaO 4-37 01
Total ash ... . 146 ,, 22:6 10-34 ,, 136
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It will be seen that the refuse collected durin ]
October-March is much the richer, this being duegtc:hfhepﬁgi
proportion of fallen leaves and other vegetable matter it contains at
this time of the year. It is, in fact, richer than the cattle manure
collected on the estate which gave the following figures on analysis :—

Nitrogen, 0'73 to 113 per cent., K,O, o7 per cent., CaO, 122 per cent
and Ash, 14°66 per cent. 9P K

The nitrogen in the refuse is, however, in the fresh state much
less available than the nitrogen of cattle manure, as is shown by the
proportion of active insoluble nitrogen in each which was as follows :—

Active insoluble nitrogen

per cent,
Refuse 17725
Cattle manure 2489

The time required, therefore, for the decomposition of the refuse
is considerably greater than is the case with cattle manure. This
1s not surprising in view of the far larger bacterial population of the
latter material, a count yielding the following figures :—

Cattle manure ... 1,800,000 to 1,900,000 bacteria per gm.

Refuse 30,000 ,, 70,000 ,, i

Two conditions, in fact, would appear to be necessary for the
more rapid decomposition of the refuse: (1) reduction of the material
to a fine state of division and (2) inoculation with a suitable bacterial
population.

The latter might be provided by the addition of ‘activated
sludge.” While the ‘activated sludge ' process of sewage disposal is
at present used in but a few places in India, it is likely to be adopted
in many of the larger towns as the present primitive methods are
abandoned. It is in such areas that the greatest quantities of refuse
also will be available. The utilisation of the sludge to render the
refuse more valuable as a fertiliser would, if practicable, solve two
problems, increasing the value of the refuse and facilitating the

disposal of the sludge.

Preparation of Liguid Manures.—In the first place attempts were
made to prepare a liquid manure containing all the nitrogen of

the refuse.

The dried refuse was powdered, passed through a sieve and
22 gms. of the fine material mixed with 100 C.C. activated sludge and
made up to 400 c.c. which was then divided into four equal portions.
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One part was used for the preliminary analysis and served as a control,
two others (z) and (4) in large boiling tubes were aerated by a
current of air while the fourth (¢) in a similar tube was kept unaerated.,
The aerating air was passed through a wash-bottle containing
N/10 sulphuric acid before entering the aeration tubes to remove
traces of ammonia, and on leaving was again washed by standard
acid in order to estimate ammonia evolved during the process.
After the experiment had continued for 12 days the contents of
tubes (¢) and (¢) were filtered, the extracts gnalysed to determine
the amount of nitrogen rendered soluble, while the residues were
in each case made up to the original volume with distilled water
and aerated for further periods of 12 days when the above procedure
was repeated. Tube (4) on the other hand, was aerated continuously
for a month without interruption. The first extract from (@) was dark
brown, the subsequent extracts being much paler. The analytical
results are shown in Table II below. Ammonia, free and albuminoid,
was determined by the standard methods for fertilisers of the
A.0.A.C. Nitrites were not estimated, the solution being oxidised
and any nitrite-nitrogen determined as nitrate. The latter was
estimated by the method suggested by W. A. Syme.! Total nitrogen
was determined by Kjeldahl's method in the absence of nitrates and
by the Gunning method if they were present.

This experiment indicates that, even with vigorous aeration in
the presence of appropriate bacteria, only about one quarter of the
nitrogen in the refuse passes to the extract. The greatest amount of
soluble nitrogen was obtained, as might be expected, in tube @ where
the liquid was changed every 12 days and was least in & where the
solution remained undisturbed. There was, however, a slight loss of
total nitrogen in this tube which may possibly account for the low
figure obtained for soluble nitrogen. In ¢, which received no aeration,
the amount of nitrogen rendered soluble is intermediate in amount
between 2 and 4. There was however, a greater accumulation of
ammoniacal nitrogen in this tube and again a slight loss of total
nitrogen. If the loss in dry weight of the residue is regarded as a
measure of the carbohydrate decomposition it appears that this was

twice as great in ¢ and é which underwent aeration as in ¢ which was
not aerated. -

Thus about 75 per cent. of the nitrogen appears to be in a
comparatively unavailable condition, and this was confirmed by the
~slowness with which nitrification took place when the residual matter
from the above experiment was mixed with a soil possessing good
nitritying powers and kept under the most favourable conditions for

_ . YJ. Ind. and Eng. Chem., 1909, 1, 188.
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Decomposition of Refuse tn presence of Activated Sludge.

1

TABLE II.

Tube a. Tube 6. Tube ¢.
Control, 3 - o 6
gil:ﬁ:-l;eatln 12 c{a.ys 24 ga)-s aafr;lt?z: Total Eﬁ::;,:’_ 12 ga)'s 24 csiays gfdd:zf_ Total
16525 ?::f;?? 1212332;)2 Srt}.ﬁt' Héms tion Ist ext. { 2nd ext. and 4048
residue residue
Mgm. ] Mgm. Mgm. Mgm. Mgm. | Mgm. Mgm Mgm. Mgm. Mgm )
Nitrogen (free ammonia) 3-80 0-40 015 022 077 0-36 2:50 025 0-24 2-99
S {albuminoid ammonia)... 1'50 1-20 0-16 0-43 1-84 1-92 3-00 070 043 413
5 {nitrite and nitrate) 0-40 006 027 0-22 1-45 0-24 nil nil nil -
Total nitrogen in extract 11:20 1232 6:65 8-96* 27'93 13-86* 980 560 570 2110
Total nitrogen in residue 114-20 10360 103-60 105-50 488 4880
Grand total nitrogen 125-40 131°53 119-36 11990
Dry weight of residuc ... 5:81 & 427 427 4-26 4-94 404
grms. grms. grins. grms. grms. grms.
Percentage loss of dry weight | 99:59 22865 10-34
Percentage ash in residue | . 10°32 10-04 9-86

* Includes nitrogen in acid trap.

CCz
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two months. The resistant nature of this nitrogenous material is
also indicated by the following experiment :—

gms. of the refuse powder were _mizfed with 100 c.c. activated
sludge and aerated for three days. The liquid was then filtered off and
the residue, with an equal volume of water, again aerated. This was
repeated twice, when the extract was colourless and contained a
negligible quantity of nitrogen. At this stage a further quantity of
fresh activated sludge (100 c.c.) was added to the residue and the
mixture again aerated for two days. The distribution of the nitrogen
was then examined with the following result :—

Total nitrogen in extract .. 8°40 mgms.

. . in residue i 13328
[t is evident, therefore, that after the comparatively rapid decom.
position of about 25 per cent. of the nitrogenous material, the
balance remains resistant to further change and undergoes decom-
position at a very slow rate.

It was thought that somewhat better results might be obtained
if care were taken to ensure thorough mixing of the sludge and

refuse throughout the period of aeration and hence the following
experiment was carried out :—

Two tubes were set up each containing 5 grms. refuse (leaf
powder) + 100 c.c. activated sludge. In No. I arrangements were
made for thorough mixture of the constituents while in No. II no
special precautions were taken. Aeration was carried out for four
days, the solutions were then filtered and the nitrogen in the extracts
determined while the residues were submitted to further aeration after
the original volume had been made up by water. The analytical

results are given in Table IIl. The composition of the original
mixture before aeration is also shown.

The results indicate, however, that the amount of nitrogen found in
the extract is practically the same in either case. In both there is a

loss of nitrogen but this is greater in No. II where no precautions
were taken to ensure thorough mixing.

This loss in nitrogen probably arises from the refuse and not
from the activated sludge, for the latter contains nitrogen-fixing
.organisms and if aerated under suitable conditions exhibits a gain In
total nitrogen as the following experiment shows :—

100 c.c. of activated sludge were mixed with one gram mannite
and one gram calcium carbonate and the mixture aerated for ten days,



TABLE III.

Control Tube No. I Tube No. II
i o ) ' r
Activated| Refuse 1st 2nd i 1st 2nd
‘ Sludge | powder Total aeration | aeration Total | aeration | aeration Total
R Mgms, | Mgms. Mgms. Mgms. Mgms. Mgms. Mgms. Mgms. Mgms.
Nitrogen {free ammonia) 0-144 0072 0-216 (0-448 0096 * 0-544 0-300 0:036 0-336
ys»  (albuminoid ammonia) ... 0-288 1:500 1-788 1:925 0-324 2259 0900 1:380 2:280
i (nitrite and pitrate) 0-355 0-108 0-462 0-280 0-048 0-328 0060 0-060 0-120
|
Total nitrogen in extract 7-980 3-990 11970 12°054 4-620 16674 12°600 3-192 15:792
" - in solids 47-320 86°270 133- 590 124-20 12420 117-400 117:400
Total nitrogen 55300 90260 | 145 560 140°814 J 133°192
Dry weight of solids ... 0:814 4-540 5-354 4:780 4-780
gTmS. grms. arms. grios. grms.
Percentage loss in dry weight . 108 = 10°8
l

m
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the experiment being carried out in duplicate. Determinat:
* = . n
total nitrogen before and after aeration gave the following Tesuﬁlso.n of

! 11
' ' ngms. Mng‘
Total nitrogen before aeration v 70°Q1 7091
x after aeration wis 7728 77'54
Gain -_gzy— 663

h._,

In view of the comparatively small amount of nitrogen rendered
soluble in the above experiments and of the inconvenience in dealing
with liquid manures, attempts were now made to obtain solid manures
from mixtures of activated sludge and refuse and to increase the
availability of such manures by different methods of treatment.

Solid Manures.—Fresh activated sludge is difficult to filter and
takes a long time to dry. By stirring into the sludge a sufficient
quantity of refuse, however, a pasty mass can be obtained which does
not require filtration and which dries fairly rapidly.

The obvious advantage of such a preparation is that the liquid
portion of the sludge, containing a considerable portion of the most
easily available nitrogen, is absorbed and loss is thereby reduced.

Preparation I.—As aeration was considered advisable and the
consistency of the mixture rendered bubbling ineffective, mechanical
agitation was used whereby the whole of the mixture was well stirred
and frequently exposed to the air. 500 c.c. of sludge were used and
in all 361 gms. of refuse powder were added in the course of two
days, the stirring being then continued for another day. As some
difficulty was experienced in maintaining sufficient agitation by the
mechanical stirrer, hand-stirring was occasionally employed. After
three days the material was poured out on to trays and dried in the
sun. When completely dry it was powdered and analysed. In this

experiment stirring was not continuous, being stopped during the
night.

Preparation [/.—In this case mechanical stirring was more
efficient and was continuous throughout. Otherwise the procedure
was the same as in the case of 1. The sludge used in this experiment
. Was In a more active condition than in I, where it exhibited the
phenomenon known as ¢ bulking.’

Analysis.—10 gms. of the manures thus prepared were soaked in
water for 30 minutes and filtered, the residue being washed with water
tiil the washings gave no reaction for ammonia. The extract thus
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obtained was analysed for free and albuminoid ammonia, nitrite and
nitrate-nitrogen and total nitrogen. The residue was analysed for
total and for insoluble active nitrogen. The latter figure was

determined by the alkaline permanganate method of the A.0Q.A.C.
Similar analyses were made of the original sludge and refuse.

In addition to the chemical analysis, the rate of nitrification of the
different samples was determined in the usual manner. The nitrate in
the soil extracts in such cases was estimated by the phenoldisulphonic
acid method after clarification of the extract with alumina.

TABLE 1V.
Analyses of Preparations I and /1.
I I1
Original Finished Original Finisﬁed
\  matenals product materials product
Nitrogen {free amnmonia) 3'99 mgms. | 5'36 mgms. 2:'22 mgms. | 318 mems.
o (elbuminoid ammonia)... {36032 ,, 2344, 3433 ,, 116°10 ,,
s (nitrite and nikrate) 0-22 ,, nil o4, nil
Total nitrogen extract 9511 ,, 70033 ., 12312 ., 1555 -
. - solids before
extraction 2'20 grins. 247 grms. 2'03 grms. 2:18 grms.
Percentage insoluble active
nitrogen in residue 20°13 24-6
Proportion of sludge to refuse ... 1: 24 1:30
M
TABLE V.

Nitrification lest.

Nitric nitrogen
produced per

100 grms. soil
Control, soil alone 0256 mgms.
Refuse powder 0'320
Manure | 0786 ,,
Manure I1 0450

From the chemical analysis one would expect preparation 1l to
be the better, if equal quantities of pit_rogen be cons:der_ec;l, for a much
J]arger percentage of this nitrogen 1sin a soluble condition. In the
nitrification test, however, the-results obtained were in direct opposi-
tion to this, I being nitrified more readily than II.  Some pot-cultures
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carried out with tht::-se materials also gave better yields with I but
much stress is not laid on these figures owing to the small scale of the

expcrimcnt.

A possible cxglanation 9£ this behaviour can be formed if the
carbon-nitrogen ratio be considered. This ratio is higher in II than
in I, and it has been shown by Clark and Adams? that a high ratig
tends to check nitrification. In their experiments this effect was
noticeable when the ratio reached 12 : 1. As in both the manures
described above the ratio was much higher still, it might be expected
that nitrification would be hindered and that this would be especially
the case in Il. Similar results have been obtained by Sievers? who,
when working with straw, found nitrification was diminished when the

C/N ratio exceeded 13 : I.

In order to investigate this point more fully a further series of
preparation was made. In each case 100 c. c. of sludge were used
and diminishing quantities of refuse (straw powder) were incorporated,
the mixture being stirred for 24 hours. After drying the manure, the
nitrification test was carried out, 1 grm. of the manure being used for
100 grms. of soil and the mixture kept under suitable conditions for

two weeks.

In no case where the proportion of refuse exceeded 10 grms. per
100 c. c. sludge was there any evidence of nitrification taking place.
The activated sludge contained approximately 4 per cent. solid matter
from which it 1s evident that the ratio of refuse to dry sludge should
not cxceed 2°5to 1 if the method of preparation described above be
employed. It should, however, be possible, materially to increase this
ratio if a longer time of aeration be employed. In this case there
would be a proportionately greater breaking down of carbohydrate
matter and the final C/N ratio would again be reduced. The dis-
advantage of thus prolonging the fermentation is, however, to increase
the risk of loss of nitrogen, and the process finally employed will
evidently have to be a compromise between the requirements of these
two sides of the question.

Fixation of Soluble Nitroger Compounds by Refuse.

In the activated sludge process of sewage disposal, while the
conservation of nitrogen is greater than in any other system, much of
the nitrogen passes into the effluent and thereby goes to waste.
Richards® has shown, however, that a large proportion of this nitrogen

v ). Ind, Eng. Chem., 1912, 4, 272,

2 Am. Chewn. Abs., 1923, 17, 2161, o

® Richards and Weekes, Proceedings of the Engineering Conference of the Institution of
Civil Kngineers, 1921. :
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can be recovered by passing the effluent over beds of straw, the
nitrogen being thereby fixed while the straw is converted into a
substance of considerable manurial value.

Experiments have therefore been carried out to investigate to
what extent other waste materials might exert a similar action in fixing
soluble nitrogen. The work described earlier in the paper has
indicated that not infrequently nitrates and other soluble nitrogen
compounds are removed from solution without any loss in total
nitrogen and the problem was, therefore, to ascertain the conditions
most favourable to this action.

100 C. ¢. of activated sludge were mixed with 5 grms. of powdered
corn-cobs, 0’5 gm. of ammonium sulphate was added and the volume
made up to 200 c.c. The experiment was carried out in duplicate,
the contents of one flask being stirred for 24 hours and in the case of
the second for 48 hours. The mixtures were then filtered and the
residue in each case washed until the washings were free from
ammonia.

The various forms of nitrogen in the filtrate were then determined :
also the total nitrogen and the insoluble active nitrogen in the
residues. The quantity of activated sludge used contained 2°23 gms.
dry matter, so that the ratio of dry sludge to refuse in this experiment
was I : 2°2.

A similar experiment was carried out in which the weight of
corn-cob refuse was increased to 7°5 gms., the ratio of dry activated
sludge to refuse being therefore 1: 3-36.

The analytical figures obtained in the two experiments are shown
in Table VI below :—

TABLE VI

W

Expt. I, 5 gms. refuse | Expt. 1I, 7°5 gms. refuse
| : . - _.
e B % o & = o £ £
ge 18£8l o8 e = OS54 | BEE
EE |ExE|Exk]| 8B | 5Bl Eak
o= | @ = = |z EE OB |\ 5 = | ! 5 =
Nitrogen (free ammonia} ... .| 131-04 | 10920 | 114°66 128:50 lg?% 1%.‘;&;
e (albuminoid ammonia) ...i 16:80 §'50 9:20 1{2}% 0'36 21
'y (nitrite and nitrate) 0-40 360 3'60 2] i | e
Total nitrogen in extract .1 15580 | 12600 | 137°30 | 145°32 2 2
D ol Soluple nitrogen @ken ¥P | .. o | e | | sl 07
i i ids ... ..| 8937 | 117" "$ ' '
'Pg;irggr?gr:}ngizhds | 24519 ?43'4?8 24;5'% 265:72 | 253%2 26233
Lossin ,, 1- = : 2
Insoluble active nitrogen ... wed 1957 2b: 19 gf;g; g.igl]] ?Jggé ggg
Percentage insoluble active nitrogen  ...| 21'83; 2231 | § 2

e ————————— e —y—
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From these figures it will be seen that in Experiment I the effect
of stirring in 5 gms. of refuse powder for 24 hours has been tq
withdraw from solution and fix in the solid portion of the manure
»8:03 mgms. N, or 17°9 per cent. of the nitrogen originally present in
the extract. Continuation of the stirring for a further period is
however, injurious, nitrogen again passing from the solids to thé
extract, doubtless due to the action of proteolytic bacteria.

In Experiment II where the percentage of carbohydrate materia]
added was higher, the results were less favourable, only 86 per cent.
of the soluble nitrogen being fixed in 24 hours while practically the
whole of this was again rendered soluble when the experiment was
continued for a further period of 24 hours. Experiment II is, however,
of considerable value as indicating that the removal of soluble nitrogen
is probably not merely a physical process of absorption, for had this
been the case the phenomena would be expected to be more marked
in Experiment Il which contained the greater quantity of refuse
powder. Since the reverse is the case a chemical change is suggested.
In Experiment I both free and albuminoid ammonia have been removed
from solution; in Experiment II (24 hours), however, the albuminoid
ammonia is practically unchanged and the loss of soluble nitrogen is
almost entirely at the expense of the free ammonia. The loss in total
nitrogen is negligible in Experiment I, but tends to increase in
Experiment II which contains the higher carbon-nitrogen ratio, as
might perhaps be expected.

In order to trace, if possible, the stages through which the
changes described above take place, the following experiments were
then made :—

100 c. ¢. portions of activated sludge were measured out in two
bottles and to each was added o'1 grm. ammonium sulphate and 1 grm.
CaCO3. One bottle was kept as a control while the other received
an addition of o5 grm. refuse (grass-powder). The volume in each
case was made up to 200 c. c. and the mixtures were then stirred for
24 hours. The solids were allowed to settle and a small quantity of
the supernatant liquid was removed for the determination of ammoniacal
nitrogen, nitrite and nitrate with the following results :—

A B

Activated sludge Activated sludge .
and refuse alone (control)
Ammoniacal nitrogen .. 0O°2 mMgmS. nil
N}trfms ’9 — 0°1 ' Y
Nitric ” e 19°2 20°'0 mgms.

These figures show that practically all the ammonium sulphate added
had been converted into nitrate. No withdrawal of soluble nitrate
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had,_howeveg, taken place at this stage. The experiment was therefore
continued, nitrogen estimations being carried out daily. It was found
that whereas in B (control) the nitrate figure remained unchanged, in
A the nitrate rapidly diminished, being reduced to 10°4 mgms. on the

second day, 8 mgms. on the third, while on the f i
disapeared, 5 ile on the fourth it had completely

From this point repeated alternate additions of ammonium sulphate
and of refuse powder were made when it was found that disappearance
of nitrate from the solution took place more and more rapidly with
successive additions. Finally the additions of ammonium sulphate
and refuse powder were made simultaneously and at this stage the

whole process of nitrate-formation and disappearance took place
within 24 hours.

Analysis of the solutions for total nitrogen indicated that there
had been practically no loss of mtrogen throughout the course of the
experiment and the whole of the nitrogen added to the solution in the

form of ammonium sulphate must, therefore, have been converted into
an insoluble form.

As it was likely that the nature of the refuse used might have
an important bearing on the rate of removal of soluble nitrogen,
a similar experiment was next carried out with three different varieties
of refuse, namely (1) grass-powder, (2) paper and (3) vegetable garbage.
The method of procedure was similar to that described above, 100 c.c.
of activated sludge being used with o'5 gm. of the refuse and calcium
carbonate. Additions of 0'1 gm. ammonium sulphate and of refuse
were made on alternate days.

The experiment was continued for 12 days when the nitrogen was
determined in both the filtrates and the solid residue. The results are
shown in Table VII. '

TABLE VII.
1 I1 I
Grass . Paper Vegetable
powder Mgms. garbage
Mgms. Mgms.
A. Nitrogen Added. 0l -~
In sludge 7801 ' ok
In ammonium sulphate 94-44 9444 r%ﬁ
In refuse e 20001 nil 1é4_53
Total supplied ... 193-36 17245
B. Nitrogen al end of Experiment.
In filtrate 11-76 17-34 20:20
In residue e 172°10 15260 1?_9‘%
Total found ... 183°86 169°94 170

Percentage loss or gain e 4°91 loss 1-44 loss 3:29 gain
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In all three cases there has been the same removal of soluble
nitrogen and fixation of this in the solid residue, grass-powder givin
the best results and garbage the worst. In the latter case howeve%
there has been no loss of nitrogen, but on the contrary a slight gain
the conditions (carbon-ratio, etc.) possibly favouring fixation oi
atmospheric nitrogen.

These results indicating the possibility of withdrawing the soluble
nitrogen from solution suggest a new method of sewage treatment, the
raw sewage being aerated or mechanically shaken with sludge and
refuse material. Preliminary small scale experiments on these lines
have already been carried out, but further work 1s required before the
results can be usefully discussed. It 1s obvious that such a method,
if practicable on a large scale, would be of the greatest importance
from the point of view of nitrogen conservation.

Modificalion of Activated Sludge.

It will be seen from the experiments already described that when
the proportion of carbonaceous matter was high, there was a distinct
tendency for loss of nitrogen to occur. Moreover the breaking down
of the carbohydrates was in no case very complete. It therefore
seemed desirable to ascertain whether it might not be possible to
modify the sludge in such a way that it might acquire 2 more active
power of disintegrating cellulose while at the same time retaining the
activity of the nitrifying organisms present. In the case of the grass
powder, e.g., it was found that while the pectinous matter and the
hemi-celluloses were rapidly disintegrated, the cellulose fibres remained
more or less intact for a very considerable period.

The effect of adding to the sludge an extract from freshly
decomposed refuse, which contained vigorous cellulose-fermenting
organisms, was Investigated as a preliminary experiment.

Two 100 c.c. portions of activated sludge were taken and to one
was added 100 c.c. of manure extract, prepared by the addition of 300
c.c. tap-water to 100 grms. of a mixed manure which had been
composting for eight months. The volume in the control having
been brought up to the same figure, o'5 grm. grass-powder was added
in each case and both mixtures were stirred for 24 hours. A secqnd
addition of o5 grm. grass-powder was then made and stirring
continued for another 48 hours. The solid matter remaining in each
case was then determined with the following results :—

Dry weight at Dry weight at Percentage

beginning the end loss of dry
Grms. Grms. weight
A. Control. Activated sludge 4
refuse ) 3-120 2-042 571

B. Activated sludgé“—!— manure
extract + refuse 3-245 28112 1337
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Considering the short duration of the experiment, the proportion
of carbohydrate material broken down is not unsatisfactory and this is

obviously very much improved by the addition of the manure extract.

Experiments on a much larger scale to ascertain how far this
process can be carried without loss of nitrogen have been instituted
and will form the subject of a future communication.

In conclusion it is my pleasing duty to express my sincere thanks
to Professor Gilbert J. Fowler for his constant interest and valuable
guidance during the course of this work. My thanks are also due to
Mr. Y. N. Kotwal for assistance in some of the analytical work.
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