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We may disenss Table No. L. in the first instance. The general
conclusion which is evident is that the numbers of bacteria come out 1mn a
perfectly vegular order. In the crude sewage the numbers are low on the
average, and in this series it is only the average results which need be
taken into account. In the screened and sedimented sewage the nnmbers
are very considerably higher—on the average four times as high. The
nambers in Effiuent 1. are slightly lower than those of the screened and
sedimented sewage; while those of Efflnent I1. are less than half those
present in the screened and sedimented. To thisinle there is no exception.
The effect of the contact is seen in each ecase in the reduction of the
numbers of bacteria. Considering the amount of pabulum and the high
temperature of the beds, it appears at first sight very remarkable that in
such favourable conditions for multiplication of bacteria their numbers
ghould have been reduced.

TABLE No. IL

Showing the total number of bacteria per c.c. present in three
samples from coke beds:—

Cruda Soreened Efuent from Efluent from Drate nf

Bownage. and Sedimented.  Upper Bed. Lower Bed, Bample.
10 168,000,000  120,000,00¢ 108,000,000 117,000,000 May 17
11 53,000,000 125,000,000 75,000,000 79,600,000 i
12 uncountable 70,000,000 41,000,000 40,000,000 June 7
Average of last
(B.) three = coke
beds = 110,500,000 105,000,000 73,000,000 78,866,666
{C.) General aver-
nge— 28,036,863 58,825,000 43,129,166 43,238,333

The numbers of bacteria follow the same rale in the observations on
the combination of coke and brick beds; but much less clearly. The
effect of the beds is to reduce the numbers, but this does not oceur to such
an extent nor with the same regularity as in the brick bed series. The
total numbers also are very much higher than in the former series, This
increase may be partly due to the fact that the samples were taken in
May and June, when naturally bacterial growth was much more active
than during the earlier months of the year. It might, however, he due
to a lack of efficiency on the part of the combination of coke and brick
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In Professor Bovee's Report on the action of the contact beds at West
Derby. he gives the following average :—

Number of Bacteria in the Effluent

Number of Bacteria in Crade SEWBEE. from the Final Contact Beds.
(Average of 20 Analyses.) (Average of 36 Analyses.)
1,090,726 614,158

The reduection in the numbers of bacteria in Dr. Houston’s table is
still more striking than that observed in the table I have given. The
lowest figure which he obtained was a fall from 7,000,000 to 400,000, a
decrease of 94 per cent. of the total number. The largest reduction in
my table 1s that of March 22nd, when the nombers fell from 112 millions
to 196 millions per c.c., implying & loss of over 80 per cent. In Professor
Boyee's observations the fall on the average is 44 per cent. The total
number of microbes in the Liverpool sewage is approximately 1 million,
n the London sewage 7 millions, and in the Belfast sewage, after sedi-
mentation, 43 millions.

The average fall in Houston's series implies a loss of about 80 per
cent. of the total bacteria, and at the period corresponding to these
observations the percentage purification as estimated by the oxygen
absorbed test was on the average 85 per cent. (Clowes). In my series in
Table 1. the fall in bacteria implies a loss of nearly 60 per cent., and for
this period the percentage purification according to the oxygen absorbed
test was G9 per cent. (Letts).

There is not yet, however, a sufficient number of results published to
show decisively in how far the reduction in bacteria may be regarded as a
measure of the efficiency in purification by the contact beds. The results
I have given show how the brick beds now examined compare with the
coke beds examined for the London County Council, and the coke beds of
the Liverpool Corporation. in regard to this point.

It is clear that to arrive at a trne conception of the process which
brings about purification, it is necessary to consider how far the decrease of
bacteria, observed as a result of the contact, is due to the multiplication of
bacteria themselves, and their demands for food supply. This might
conceivably lead to an exhaunstion of the pabulum, and subsequent decrease






TABLE IIL

Showing the rate of growth of b. coli comm. in relation to the food supply

Jan.

£

1]

Feb.

L

¥

Mar.

16

L7

18

19

20

21

22

23

24

25

present.

Frasg A
9,100,000
114,000,000
120,250,000
250,000,000
430,000,070
340,000,000
595,000,000
610,000,000
450,000,000

E20,000,000

B
910,000

52,400,000

209,000,000 -

218,00.000
230,000,000
250,000,007
240,000,000
310,000,000
490,000,000

204, 000,000

26 542,000,000 2,400,000,000
97 1,850,000,000 1,050,000,000
a5 1,500,000, 000
1 1,750,000,000 245,000,000
2 4,700,000,000 1,100,000,000
T ..  2,100,000,000
16 5,600,000,000 1,150,000,000
28 5,250,000,000 3,500,000,000
9 2,700,000,000 250,000,000

23 5,400,000,000 290,000,000

C
91,000
23,000
22 970,000
20,500,000
40,000,000
40,000,000
85,000,000
140,000,000
380,000,000
63,000,000
45,000,000
115,000,000
450,000,000
24,000,000
6, 000,000
85, 000, 000
135,000,000
80,000,000
55,000,000

63,000,000

D
9,100
1,200

20,700

1,400,000
10,600,000
13,200,000
20,000,000
19,000,000
50,000,000
65,000,000
96,000,000
25,000,000
30,000,000
25,000,000

100,000,000
60,000,000
80,000,000
50,000,000

6,500,000

E
910
1,350
30,500
2,300,000
1,801,000
11,500,000
26,000,000
21,500,000
38,000,000
85,0 0,000
80,000,000
30,000,000
5,000,000
65,000,000
35,000,000
130,000,010
40,000,000
40,000,000
8,000,000

1,500,000

The Nos. represent the No. of colonies per c.c.

o1

205

4,400
192,000
3,100,000
7,600,000
19,000,000
11,000,000
11,500,000
12,000,000
35,000,000
16,500,000-
20,000,000
0,000,000
35,000,000
15,000,000
too dilute

too dilute-
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The vesults of the chemical analysis of the sewage by Professor
Letts are as follows .—

Percentage Purification as shown by Kjeldahl's method.

Highest result after 2nd contact .. 77°/, of Purification.
Average of all experiments i e 5t
Brick beds o 4 R ) U o e
(Coke beds e 0P -

This set of results shows that we can in a measure locate the agency
which has the strongest effect in causing the disappearance of unoxidised
nitrogen. 1t is especially associated with the bricks of the deeper part of
the lower bed. The agency, however, is here merely a degree or two more
efficient than that associated with the other bricks. In each case there is a
remarkable disappearance of unoxidised nitrogen. The only point abount
the more efficient bricks which I observed was that they were more richly
covered with sediment consisting of the vegetable and animal organisms
already referred to. In the vessels in which the bricks were placed for
the parpose of testing their action on the dilute broth, a copions layer of
sediment, similar to that on the bricks, formed at the bottom. This when
analysed (Kjeldahl) showed large quantities of nitrogen in the nnotidised
form. The following experiment gives the details of one such observation.

The broth after having been in contact with the bricks for six days
was taken for analysis in fwo portions. One portion was filtered, and
W0 e.e of the filtrate were put in each of two flasks and analysed for
nitrogen. The filtrate was found to contain only 35 per cent. of the
unoxidized nitrogen of the original solation, or, to keep to our former
method of expression, there had been a loss of 63 per cent. of the original
unoxidized nitrogen. On the other hand, portions of the broth which
were not filtered, and which purposely were made to contain a large
amount of sediment yielded unoxidized nitrogen per c.c. amounting to
more than 150 per cent. of that in the original diluted broth.

On these grounds, therefore, it seems clear that in the plant and
animal life associated with the surface deposit on the bricks there is an
agency which has the most striking power in causing the disappearance
of unoxidized nitrogen from solution ; whereas in the former experiments,
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method of isolating it was nsed, and the sewage was diluted according to
.he rule laid down by Houston. The evidence of its presence also was
very scanty, and the rvesnlts were parallel to those regarding b. coli
communis, In the earlier observations there was oceasionally some
evidence in the milk tubes of imperfect clotting and whey formation;
but it was not till late inthe investigation, i.e,in May and June, when evidence
of b. coli became clear, that the milk tubes showed the typical ragged
clot, and clear whey and gas, associated with the gl'nwth of b. enteritidis
sporogenes. The following is the record of the observations :—

January 6th.—Nil.
»w  20th.—Nil.
209th.—Imperfect clots only; no distinet separation of whey in
tubes containing °1 c.c. of sewage. :

"

February Sth.—Indistinet clotting =negative.
»  12th.—Nil.

- 19th.—Clots with some watery whey, no gas, in -1 c.c. tubes.

Marveh  3vd.—Adypical clotting, &e., in *1 c.c. tubes.
w  10th.—Atypical.
22nd.—Nil.

LE

May 31st.—Crade Sewage, ‘01 e.c., clot, &e., typical =100 per e.c.
Sedimented Sewage, ‘1 e.c., typical=10 per c.c.
Effluent L, 1 e.e., typieal=10 per c.c.

Efffuent IL. -1 c.e. and ‘01 e.c. typieal =100 per c.c.

June Tth.—Crude Sewage s 1 c.c. and 01 c.e. typical=100 per c.c.
" Sedimented Sewage 1 c.c. and ‘01 e.c. typical =100 i
Effuent I. .« 'lec. and -01 c.c. typical =100
A Etuent 11. AR typical= 10 .

It is of great interest that these bacteria of definite intestinal origin—
viz.: b.coli communis and b. enteritidis sporogenes—should have increased
so markedly at the beginning of June. It was unfortunately impossible
to follow up the investigation of this increase. During April and the first
half of May no samples were taken. It is curions, however, to note that
about the period of this increase (June) an epidemic of typhoid fever had
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The conversion of nitrogen into the forms of nitrate, &e., is cenerall
believed to be due to the action of bacteria of a special kind, which requir

plentiful supplies of cxygen.

There is a second bacterial possibility of a somewhat similar naturc
Bacteria have been described which possess the power of dispersing nitrc
wen from solution, in the form of gas. This would escape into the atmo:
phere as free nitrogen. I have in my report described a series of exper
ments in which I inoculated meat broth with the bacteria of sewage, an
found a certain dispersion of nitrogen which I could not account for o
any other supposition, and Professor Letts's study of the dissolved gase
in the samples of sewage has led himy to the conclusion that a considerabl
proportion of the nitrogen in the sewage disappears in this fashion. Shoul
this dispersion of nitrogen depend, as we suppose, on the growth of particula
species of microbes, a great deal might probably be done to further it.

These, as far as I know, are the only possible forms of a purel
bacterial theory of “ contact” action. The ome mode of action is of n
value for the problem before the Belfast Committee. The other is a per
fectly satisfactory mode of action, inasmuch as it transforms nitrogen frox
a harmiul to a harmless condition. Professor Letts has shown that, in th
case of the brick beds, 12—20 per cent. of the nitrogen which disappears i
the purification of the sewage can be recovered as free nitrogen in solutio
in the effluents. This change further seems to oceur in the absence of th
bacterial action which leads to the formation of nitrates and nitrites. Th
chemiecnl analyses of the effluents fiom the brick beds show that, of th
nitrogen which disappears fromy the putrescible form present in the ra
sewage, practically nene whatever re-appears in the effluent as nitrate o
nitrite. There is, therefore, in these beds a constant process of a ver
different type from that at work in the beds of the Manchester sewag
sYEtem,

Leaving this point aside for the present, we have to ask'the followin
question—" If by this mode of action only 20 per cent. (to take the highes
value) of the nitrogen disappearing from the putreseible form cam b
accounted for, what becomes of the remaining 80 per cent?” It he
vanished without leaving any fraces of a chemical kind. To explain th
most important aspect of the case, I have studied the other biologie:















