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LY stances contained in a given sample of water, and leave it fo
: ' the medical man and sanitary engineer to draw their own con-
: elusions, and apply their own remedies. Such a division of
: ' SECTION 1L labour would be, ideally, the most perfect; and it is, 1 ﬂ{m}k,
1 frequently earried out, as hetween the sanitary engineer and the
CHEM[STRY, METEOROLOGY, AND GEULUGY. chemist. ‘The provinees of the 1110(l_ica1 man and the chemist are
not however, as a rule, kept. so strictly separate; nor are they,
f — perhaps, so readily separable,  The chemist thus frequently
| usurps the functions of the medical man, and the medical man
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’ | ADDRESS those of the chemist; the result is not always such as would be
‘ S most. desivable or beneficial,  As a chemist I trust I may be
. By Avaust Dueré, PhD, INCS, IFR.S, purdmlc(} in saying tlmt! in my opinion, the fault is more often
| i1 on the side of the medical man than on that of the chemist,
HHHENH PRESIDENT OF THE SECTION, Questions, strictly medical, that arise in relation to our ordinary
I ! domestic water supply are, after all, but few; whereas, on the
S oo e ' ; other hand, water analysis becomes every year more and more
: i Ix this fubilee vear there is n very veneral {endeney in those complicated and specialized, and requires a greater and greater
A1H3 K S s -'i-' el 1 J Eener before ) {o 1o amount of skill and knowledge for its successful prosecution, so
s (tgtu.p.t\llng " p:)is,f“l‘on ,bll", ll e ,";}“, (;‘{f(tl!p'?,. v (-Ml'“,’ll_l’ .(,'llf'- much so that the time seems almost to have come for the setting
I e i A I A ot Tt M) up of a special elass of chemists devoting themselves entirely to
11 : the various sciences to which our attention will be divected. the examination of water
! 1 The accomplishment of such a task would, however, involve oo Th‘i'rw or 50 years 'lg.go water analysis, T speak of it of
v ! N . M L - : HEE: t dllc 3 : H
: . great a claim on yvour time and patience, even if it were in my . . . . b i .
H : E ‘b;uw:rlt(tl(i::n'usl;ié\cor(l. ttllul, ”“":](]lel ience, even it at we m | course merely in relation to ifs sanitary aspect, was, compara-
TIEIELE: ! On the ,,J. aal subicet 1 .-'“ therefor tent myself i tively speaking, a very simple matter. It c9llslste(l mainly,
i b t." '](', “‘““f". subject “,', ";L_“m. con “.' o "L l;‘ : and T well remember the time, in the estimation of the total
‘t il S. 4 .ms_t at, as lar "t_ "'t'.-‘ fl'tf' as ]_l"l" emi!ntlllcs]m‘tc F(f);l?v}nc,(,’ , dry solid residue left by the water on evaporation, of the loss
: [ i‘:l:llt::{:e?(IL.::,LL,:]S’ 11 , di ance i l“l‘: et o :(‘ 'iu:(lultf‘ ‘1 ;'"l'l’ | suffered by this residue on ignition, a loss usually put down
N B § X - 0% L § ': 71 :: SCI1¢ (¥4 - S-- El'. . s - ) ) .'
kR .11 _- Il) M e \.m(](, A ’,-f)m"l“’ o 1 Y ”l . as organic matter, and perhaps, 2 more or less rongh examina-
ik duriug Her Majesty’s reign has contributed more o the welkare tion of the natwre of the mineral matters present.  Gradually
%, I ' mullnll?]l:l";-:fﬁ(s‘i.’if"ttll?, .1]11111:13:{11.1 <hall restrict myself to two ques : however, as the influence on health, exerted by the quality of
: 5 H o 'l'} vl .(_] ‘Il S' ; 'll.'l' res re ":‘..f] oo t'l | the water consumed, became more and more recognised, the
: 1ons, regarding which L amay ciiim Some Speetil acqualiitaies, neeessity for a more complete knowledge of the matters present
i 3

namely, the questions of water analysis and the treatment of
sewage.  Both subjects, T am afraid, have been frequently treated
of at former sanitary congresses, and we are promised several
papers on the subject to-day; but as they ave, perhaps, the {wo
most important questions on which the chemist e assist the
sanitarian, I hope you will bear with me for a short time while I
endeavour to bring some of the more salient features hefore you.
In doing this I shall have to point out defects in our present
methods, and shall venture to point out dirvections in which, in
my opinion, further advance should be sought; for I believe
: that the function of a Congress such as this is not only the
E R R taking note of any progress made, but also to stimulate research
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in a water required for domestic use became increasingly pres-
sing. New methods of analysis were devised and perfected
until at the present day we are in possession of analytical pro-
cesses which, so far as the detection and estimation of dead
matters are concerned, leave but little to be desired,  Without
going minutely through these varions processes, I may be per-
mitted to glance shortly at some of them, mainly however in
regard to the various constituents which it was, or is, desired to
estimate,

The various substances found in a water, as far as they are
of interest to the sanitarian, may be roughly divided into three
classes.  Iirstly, mineral matters derived solely from the soil or
rock through which the water has percolated ; secondly, mineral
matters derived either directly from organic matter, such as

zZ

and facilitate further progress. And now let us, in the first
instance, turn to the question of water. Iere, strictly speak-
ing, all the chemist has to do is to find out the various sub-




poisonous mineral matters occasionally found in potable waters,
and also, for the present, such mineral matters as may exert an
injurious action on the materials with which the water, in the
" course of domestic use, is brought into contact. '
Tho next class, namely, those mineral matters .dll‘(:(!t])' derived
from organic matters, or those the presence of whicl indicates the
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| nitric acid and ammonia, or which, as being fl-cquc:nt]’y f(m{:(! into the water?  Now, in the first place, rain-water, which is
] associated with certain kinds of organic matters, m(lwnt(.e ) the source of all our wells, spring or river water, always contains
: their presence the probable or possible pollution u.f “lf:' ‘“ﬂ.t}'l" {races of nitric acid, and this nitric acid is probably produced
1tk by these organic matters, such as chlorine nnd ’hm‘l'hm"(: e | mainly by purely physieal agencies.  The nitric acid from this
il a‘\\-zl.\'s :1ssmri:.ltcd with the.n.rmc of men: une :uumul.si: flllt | source is, however, s far s we know at present, the only nitric
1 thirdly, organic matters, Living organisms I leave out of con- : aeid_thus produced, and its amount is, fortunately, extremely
1 sideration for the present, . . small, not. more than a few hundredths of a grain per gallon
i In regard fo matters falling into the first class, h.ltlo.'m| o= ! on an average,  The presence of this nitric acid clearly cannot,
bt thing need be said here, for unless they are present (-x.cvs.sntls be taken as indieating organic pollution, The main quantity
1t proportions they need not, as o rule, trouble the smutu_r{m_n. | of the nitric acid, however, is derived, there ean I think be
| of course exclude from this general statement all distinetly no doubt, from nitrogenous organic matters, chicfly of animal

1
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origin, which have been decomposed or destroyed by the vital
action of certain micro-organisms. It would thus appear that
whenever we find more than a mere trace of nitric acid in
a water, we should be justified in concluding that the water

i], at some previous stage of its history,
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1RERE robable presence of ormanic matters, offers however far greater bt.“L‘IE po]l'u‘tc.d. byI 111tl‘»()‘;,:('||t!sc'(‘l 01'fgm|m':‘ 1.11=11':tors,. mn'mly f)f {l.llllll;ﬂrl
et (]ifli(;llltit';ls‘; not so muci’n in regard to the analytical processes to ::‘]"lﬁi?]'l'!r‘:; él‘:i::; };(‘:"(]3":5“:”:: ':)tl(‘lg :l:[fl::é’ (llrl'f::flfl(;l:e‘l;ﬁ,‘l Fli;‘]llcet]'\c'{'lltg ) .
W be employed as in the interpretation to be put on the results had l;‘een olluted b;' sewage or drainage from manured land g
i obtained.” This latter point, though by no means the only, is hy ‘ | A ag amag { d g

or some similar source,

It was this consideration, I suppose, which led Prof. Frankland
to use the expression, “previous sewage contamination,” for
which he has been so severely eriticised Ey many,

Now in great measure I agree with Prof, Frankland in
the notion this term was intended to express, although in its
wactical application it requires some modification and eaution,
T'his modification is required beeause we are acquainted with
certain waters which contain appreciable quantities of nitric
acid in excess of that derivable from rain-water, and which,
nevertheless, from their position, depth, &e., cannot possibly
have been subjected to any recent pollution by sewage or drain-
age from manured land, &c., and, therefore, as applied to such

far the main difliculty we have to deal with, and very scrious
dificrences regarding it exist among analysts.  The matters
falling into this category are mainly nitric_acid, ammon,
chlorine and phosphoric acid, and, in a minor degree, sulphuric
. acid and the atkali metals, sodium and Potassium. .
g i Nitrie acid—This was early recognized as a most important
E feature in a sanitary analysis of water, and there is prohnl.rlf(
no single point conneeted with water analysis 1'ogm'dmiq. which
so many analytical processes have been e]aboratu},. or which has
raised more  discussion in relation to the significance of the
indications furnished, As regards the processes used for its
quantitative estimation I need not trouble you here, they may
be found fully deseribed in many books and papers, and it must

i b h st b g s KAt 0

pit . . that ] Ivst | hoico of @ mumber which ' \\;atcrs, the term is somewhat, not to say entirely, misleading.
Foa B suffice to say that the ana )Sl 1as a ch d s of exceution -, Not but that I believe that even in these cases the nitric acid
FEE fulfil all requirements as regards accuracy and cas ' cuestion of 1s derived from nitrogenised animal matter by the intervention
gk The choice of any particular process is greatly a question o

of micro-organisms; but this animal matter is not of recent
origiy, and may have been deposited contemporaneously with
the chalk itself; it certainly is not derived from any recent

training and convenience. As far as1 myself am (zoncerncd,
the process I chiefly employ is the indigo process, .w]nc]t, when
carcfully conducted, is accurate enough for all practical purposes.
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; sewage,
1 *IITC 1 analyrice o2 . oy i, .
When 110}“0"01' we come to th.e mter l)lctl“tlo“ of t]ch '"}(‘;l]g t{;iqtl’ We are thus reduced to this position: the presence of nitric
* ” | D . - . " -
, data obtained, difficulties begin t(l’ c“’;“ upon }.‘5' ll;'ree from ‘_ acid by itself, even when in appreciable quantity, cannot he
¥ P].“C.e very few, if any, unpolluted “f“ {‘ s ‘“.01 oune t be faken taken as indicating sewage pollution (when I speak of sewage
HHE nitric acul,_ and the mere presence of t ml?mt( kc:'ill}l()t 'w('(‘)unt pollution I do not mean merely the liquid flowing in our sewers,
4H as of any significance, and ‘l“.“"t;f'fylhﬂs ti) e ti]' w);?ri((): ‘aci 1 wot but any organic matters derived from a similar source). What,
A48 The question thus presents itself, how does this 1 8 then is the amount of this acid, which, when found, must be
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356 ADDRESS TO BECTION 1II,

taken as proving such pollution? I shall try to answer {he
question, as far as I can, later on,

Ammonia—There is such a concensus of opinion regarding
ammonia that T will pass it over, and merely indicate an excep-
tion to the general rule which I know sometimes misleads
analysts,

In some cases waters contain considerable proportions of
ammonia derived from nitric acid, probably due to the redue-
tion of the latter by micro-organisms, sometimes by the metal
pipes conveying the water.  In such cases, the presence of
ammonia therefore does not indicate more than the nitrie acid
would have done; this is the case, for example, with some of
the London chalk water.

Chlorine.~"This is onc of the most important of the purely
mineral constituents to take into consideration, in judging the
quality of a water; chlorine, as before stated, being a con-
stant ‘constituent of urine, and one whieh, unlike some other
mineral matters, when once it has found its way into the water,
remains there and can be traced with cerfainty. — In our endea-
vours, however, to draw conclusions, the same diffienlties confront
us as we found in the ease of nitric acid,  Chlovine is present in
waters, its amount varies greatly even in unpolluted waters,
according to the character of the soils or geological formations
from which the water is derived, or even according fo its
geographical positions.  Thus water from wells or springs in
the neighbourliood of the sea, or of tidal rivers, even though
considerably above high water, but within the influence of
spray carried by winds, frequently shows an_amount of chlo-
vine greatly inexcess of what it would be if removed from
these influences.

Phosphoric acid—This, like chlorine, is a characteristic con-
stituent of urine, and, like the substances just considered, is
also found in every matural water, but, wnlike these, 1t is,
according to my experience, rarely or never found in any notable
quantity in a pure unpolluted water. The presence therefore
of phosphoric acid in anything beyond minute traces, is in my
opinion, perbaps the strongest evidence we can obtain, frol.n
mineral matters alone, that the water under consideration 1s
polluted by sewage., In the long series of amalyses which 1
made some years age in conjunction with Dr. Cory, for the
Medical Department of the Local Government Board, conld
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taken as one of the strongest proofs of pollution, its absence
must not be taken as proving the absence of pollution, for there
ave many natural causes at work tending to the removal of
phusyhm‘ic acid,

The Atkali Metals—In relation to these 1 will merely state
{hat whereas sodium is the greatly predominating alkali in
the urine of men, the urine of horses and cattle contains a
considerable proportion of potassium, and hence a careful
estimation of these two alkali metals in a polluted water may
sometimes enable us to find out the particular source of its
pollution.  In some cases this may be of importance from a
sanitary point of view.

The presence, or absence, of the various mineral matfers so
far considered is, however, of interest mainly as throwing light
on the previous history of the water. In themselves they are
not. injurious, and umfouhtc(lly a water may be perfectly whole-
some in spite of its containing considerable quantities of these
various matters.  So much so’is this the case that, as is well
known, one of our foremost water analysts, in judging of the
suitability of a water for drinking, practically ignores the
presence of most of them, notably that of nitric acid. This
is had enough in the hands of a master, but in the hands of his
followers it leads to serious mistakes. Ifor, although these
animal matters throw light mainly on the past, they also enable
us, fo a great extent, to read the future. A water containing
these matters in certain proportions must, at some previous
period of its flow, have been contaminated by animal -matters,
or what comes to the same thing, must have passed through
soil thus contaminated. In its passage through soil or rock
the organic matters arc removed or changed into mineral
matters, some of which remain in the water and testify to the
prior presence of the organic matter. The mineral matters
with which the organic matter was associated also remain in
greater or less proportion in the water. Now it is well known
that this destruction of the organic matters depends upon a
vaviety of circumstances, such as the amount of pollution,
temperature, atration of the soil, &ec., &e. These conditions
vary during the seasons of the year, and also from year to year,
and hence a water which at one time contains these mineral
matters only may, at another time, contain the organic matters
from which these were derived, or with which they were
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? not unfrequently pick out the polluted samples by the fact of associated.  These mineral matters therefore indicate the possi-
E their containing a greater proportion of phosphoric acid than bility, in some cases the absolute certainty, that the water in
% the unpolluted water, even when all other analytical methods which they are found wil_l, at some_other period, be cl_mrged
i f failed to bring out any clear distinetion. But although tlie with organic matter. It is this consideration that gives impor-
il E presence of phosphoric acid in any notable quantity may be tance to these mineral matters in water analysis.
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ADDRESS TO BECTION III,

It is, however, the proportions of actual organic matter present
in judging of the fitness or otherwise of a sample of water which,
for domestic nsey has been, and still is; our chief guide.  Various
processes have been devised to enable the analyst to form some
approximate estimate of the amount of organic matier present
in a water, but no process as yet known enables him to determine
its absolute quantity,  The old process, numely, of heating {he
dry residue to a ved heat and finding the loss it sustained thereby,
has now, I suppose, been universally discarded as useless for tho
purpose.  Nevertheless, for all those at least who do not employ
the organic carbon and nitrogen process, the simple jgnition of
the dry residue often yields valuable vesults. A pure water re-
sidue s white and does not ehange colour on heating, A residue
from a water containing organic matier is usually more or less
yellow or brown; it darkens or blackens on heating, hut heconnes
white on continned application of heat, the carbon gradually
burning off,  Carbon derived from vegetable sources grenerally
burns off readily, whereas the carbon devived from animal
sources usually burns oft with ditliculty, Ior mysclf 1 never
omit this simple process, ' ‘

_ The next process in point of time, and which is still in use,
is what is known as the permangasniate process, the object of the
process being the estimation of the amount of oxygen which the
organic matter present is capable of abstracting from a solution
of permanganate; and from this forming some sort of esti-
mate as to the amount or nature of the organic matter present.
Many chemists have worked at this process, but. the modification
which in my opinion gives the best results consists in acting on
the water with the permanganate and acid, in a stoppered hottle
and at a given temperature, The advantages gained by this are:
1st, all influence which the atmosphere of the laboratory may
have on the permanganate solution is excluded, and no correc-
tion for it is necessary ; 2nd, the presence of even considerable
proportions of chlorides does not prevent the application of
this test, even sea water may be tested ;* and 3rd, uniformity of
temperature insures uniforinity of results—and strictly compa-
rative results. A modification of this process employed by some,
namely, boiling the acidulated water m a flask with permanga-
nate solution for ten minutes, is, ns a rule, quite inadmissible,

* The hydrochloric acid liberated from the chlorides by the sulphurie acid
decomposes permanganate, and chlorive is produced. When the process is
carried on in an open vessel much of this chlorine eseapes into the air, nud is
lost; if however a closed bottle is employed the chiorine is yefained, and
when at the end iodide of potassium is added for the purpose of estimating
the amount of permanganate remaining, this chlorine liberates as much iodine
as the permanganate would have done which was destroyed in its production,
and is thus estimated in terms of permanganate,

359

AUGUST DUPRFE,

for chlorides, under the conditions of the experiment, decompose
permangaiinte, and the chlorine thereby produced is expelled by
the hoiling, and appears in the final result as organic matter. This
permanganate pracess does not give us the actual amount of or-
ganic matier contained in the water examined, nor will it give us
even the relative proportions of organic matter contained in dif-
ferent waters, unless the nature of the organic matter is the same,
for different kinds of organic matter absorh widely different
proportions of oxygen from permanganate. If, however, the
nature of the organic matter is the same this process gives us
relafive quantitative results, Moreover, as I hope I shall be
able to show, it is not so much the absolute proportion of organic
matter as the relative proportion of oxygen absorbed, that is of
value as a guide,

Ihe next process in point of time is, I helieve, the so-called
athwininoid ammonia proeess proposed by Wanklyn, Chapman
and Smith. "This process has for many years enjoyed, and still
enjoys, a very wide popularity in this country, in spite of the
frequent attacks to which it has been subjected.  This popu-
larity is owing in the first place, I have no hesitation in saying,
to the intrinsic merits of the process, but in the second place
undoubtedly to the comparative ease with which it can be ap-
plied ; mud Tet us not he too ready to sneer at those making use
of a process hecause it is easy to carry out. Iase of manipula-
tion often meaus accuracy of results, or at least uniformity of
results, which in most aualytical processes is the great desider-
atum, The albuminoid ammonia process gives us, as most of
you will know, in the first place the amount of free ammonia
resent. in the water, and in the second place a certain, or per-
imps I should say an uncertain proportion of the organic nitrogen,
also in the form of ammonia, and this latter is known as albumi-
noid ammonia. The proportion of the total nitrogen yiclded in
this form by various kinds of organic matter undoubtedly varies
within very wide limits, and it would be easy to make up two
samples of water of which the one containing the least amount
of organie matter would yield by far the greater proportion of
albuminoid ammonia. In practice however this objeetion loses
much of itsforee. The organic matters found in natural waters,
although no doubt they differ from each other, do not range
through the whole series of organic compounds and, as a rule,
show a considerable degree of similavity, particularly when
waters from similar sources are compared with each other, and
the experienced analyst will not easily be misled by such varia-
tion, Morcover, let me emphasize once again, that our estimate
of the quality of a water depends, in great measure, on a com-
parison between similar waters,
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360 ADDRESS TO BECTION III,

The last process, as applied to non-living organic matter con-
tained in water, I propose to glance at, is the so-called organic
earbon and nitrogen process devised by Professors Frankland and
Avmstrong,  The process, when earried out. skilfully, gives very
rood results as far as organic cavbon is concerned; the results ave
f:.‘ss satisfactory in regard to organic nitrogen, particularly in the
presence of much nitrie acid, "The process does not, as little as
those previously considered, give us the actual amount of organic
matter contained in the water analysed, inasmuele as it takes
account of only two of the clements, but those, certainly the most
characteristic, and leaves the rest out of consideration. It gives
us, however, with a consideruble degreo of accurncy, the actral
amount of one of the two clements, namely, the carbon, and
that of the sccond, the nitrogen, with a more or luss close
approximation to the truth. In this respeet the process hasg
certainly the advantage over those previously considered.  T'his
advantage is, however, at present, to a great extent neutralized
by the fact that the material at our disposal which can serve as
a guide is incomparably smaller than that availuble in regard to
the other two processes 3 and also by the far greater trouble and
difficulty involved in its application,  The former disadvantage
will probably gradually (Iilninisll s the latter, however, will
remain, and will act as a bar against its general adoption, as
longr at least as its superiority over the other process alluded to
as a method of practical water analysis, is not definitely estab-
lished, which can hardly be said to be the case at present.

Not improbably the estimation of organic carbon and of
organie nitrogen will in future be earried out in two operations.
Both estimations will thereby gain in accuracy, and the two
processes can be carried out more readily in ordinary analytical
laboratories than can the original process.  Detmar’s process for
organic carbon and nitrogen; Dupré and Hake’s organic carbon
process; I(jeldahl's organic nitrogen process.

Thus far the analytical processes shortly passed in review
deal with mineral and non-living organie matter merely, and on
the whole they fulfil the object for which they were devised in
a very satisfactory manner. When once, however, it was
recognised that the injurious effects produced by the drinking
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wesence, of living organisms also. It was then that doubts
wgan o be expressed as to the value of water analysis; some, I
believe, going so far as to deny its value altogether. This doubt
is, I think, best expressed by Dr, Buchanan in his report to the
Local Government Board for 1881, In this he states, “The
chemist can, in brief, tell us of impurity and hazard, but not of
prvity and safety,  For information about these we must go, by
the aid of what the chemist has heen able to teach us, in search
of the conditions smrounding water courses and affecting water
services,”

Now taken in the abstract there can, I think, be no doubt
that Dr. Buchanan is right; but in practice this principle
should not be applied too rigidly. There can of course be no
doubt that an artificially polluted water may be prepared which,
while containing an amount of infectious material which would
render the water dangerous to those drinking it, would yet be
passed as pure by the analyst,  In practice, however, such
cases very rarely occur, and ought never to oceur,  As a general
rule the proportion of infectious matter that finds its way intoa
well or water-conrse is extremely small compared with the
amount of non-infectious matter that finds its way into the
same; and hence whilst the analyst might be unable to discover
the prescuce of the infeetions matter, if it alone were present,
he will as a rule have no difliculty in detecting the presence of
organic matter, or of products of its decomposition or those
accompanying it, due to the fav larger proportion of non-infee-
tious muterin?wllich has entered the well or water-course, &e.
Such cases as that of the well at Caterham are, it is to be hoped,
extremely rare.  Chey are of the utmost value as showing how
small a proportion of infections matter may prove dangerous,
but they must not be taken as proving that chemical analysis by
itself is valueless, They should however teach this lesson to
the analyst : whenever his analysis shows lim undonbted indi-
cations of present or past pollution he should condemn the
water, or rather, I should say, he should condemn the well or
spring, &e., from which the water came, bearing in mind that
the non-infectious matter, the presence of which ean he proved,
indicates the possibility of the presence of infectious matter,

B -

e e S e

o 1T e T A T T T Pt T A ibe 1ty " 3 e e

§ of impure water were due not so much to the dead organic the presence or absence of which he eannot at present demon-
1 matter it contained as to the presence in it of living organ- strate,
s isms, the importance to be attached to the dead organic matter "The question yet remains to be answered : when, if ever, are
i 1l naturally diminished. we justified, from the results of chemical analysis, in pronoun-
Eiltel This dead organic matter henco has occupied a position prac- cing a water free from pollution and safe, and when must we
AT tically similar to that previously occupied by nitric acid, chlorine, pronounce it polluted and unsafe? This lies at the root of the
a1 &c., that is, the presence of the dead organic matter might in matter, and is by far the most difficult question that comes
AL most cases be taken as an indication of the presence, or possible before the amalyst. The mere working out of an analysis is,
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362 ADDRESS TO SECTION 111,

comparatively speaking, a simple matter: it is the true infer-
pretation of ‘the results obtained that tasks the knowledge and
expuerience of the analyst,

This difficulty was felt very early in the progress of water
analysis, and many attempts have been made to overcone it by
laying down certain general standards to judge by, and waters
were divided into good, bad and indifferent, .

Agatust the setting up of such general standards T have
alveady repeatedly raised my voice, and wish to do so ngain
before this Scetion.  All such standards ave fallacions s they
serve only as crutehes, so o s wak, for the jmnorant to lean on;
the chemist who thoroughly Lum\'s his work docs not require
them, aud those who do require them are not fit fo undertake
water analysis at all. It is the existence of these general
standards that so frequently leads to mistakes,  One sample of
water is condemned because it contains a little more organic
savbon, or yields a little more albuminoid annmonia, or absorbs
a little more oxygen from permanganate than has been laid
down as a standard, while another water is cheerfully passed
because in these particulars it falls within the standard ; and
yet the first water may be perfeetly wholesome and unpolluted
in the proper sense of the term, while the sccond may he entirely
unfit for nse.  As long as we are dealing with definite com-
pounds or with non-living organic matters, however injurious
they may be, it is always possible to statc a quantity below
which, if taken, they will not prove injurious; and general
standards may have been of use. The moment howeverthat we
are dealing with living organisins capable of self-multiplication,
this ceases to be the case, for what may be an infinitesimal
quantity in the water may become a dangerous quantity in the
body of the consumer. = As long however as we cannot by
analysis detect the infectious living matter, we must have some
guide for drawing corrcet conclusions from the results of our
analysis; and even should we gain this power, chemical analysis
and the necessity of its true interpretation will not lose their
value; and in fact the analyst whe bases his conclusions solely
on the presence or absence of dangerous organisms, commits the
same mistake as he who only regards organic matter and neglects
mineral matter derived from organiec matter. For at the time
of examination a water may not contain any infectious matter
but may nevertheless show signs of general pollution, and
thereby show that infectious matter may find its way into the
water.. What gruide then do I recommend? For some kind of
guide we must have. This guide was first, I belicve, strongly
insisted on by my friend Mr. Helmer and myself, in a paper

read before the Society of Public Analysts in February, 1883.
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It is the conformity of the water to, or its divergence from,
the general character of the waters of the district from which
it comes, or of the geologieal formations from which it springs,
which from their position and surroundings may fairly be taken
as unpolluted.  Tn other words, district standards instead of
cenernl standards should be used.*  This of course implies a
ﬂnmvlwlgc of distriet standards, and these are not always easy
to obtain, and the obtaining of them frequently necessitates
the co-operation of the Sanitary Lngineer to select the unpol-
Juted samples; sueh co-operation is in every respeet desirable,
and slule always De had recowrse to in_important cases.
I freely confess that 1 have repeatedly been saved from
ervor by suel co-operations.  District standards might also be
obtained if analysts in all pacts of the country would freely
communicate {heir analytical results to their professional
brethren.  In the paper previously referred to we appealed for
co-operation in the cstablishment of such standards to the
members of our Society ; professional jealousy, however, stands
in the way. Perhaps this Society might give effective aid
towards the accomplishment of so desirable an object by
collecting and publishing standard analyses from all parts of the
country from which they are obtainable, By the aid of such
district standards, the analyst has, as a rule, no difficulty in
giving an opinion regarding the purity or impurity of any water
submitted to him, although he may not be able to prove the
presence or absence of infectious matter,  In the before men-~
tioned paper several series of analyses are given of water
oollcctv(\ along the Undereliff, LW., which clearly demonstrate
the polluted character of waters which, on the strength of any
conceivable general standard, would have been pronounced as
perfectly pure.

I cannot leave this subject without recording my high
appreciation of the value in this respect of the sixth Report
of the Royal Commission on Rivers Pollution.

Brorogican MgeTHODS.

I have already several times had occasion to allude to the
fact that the injurious effect of polluted water is, in all proba-
bility, not to say certainty, due to the presence in it of living

* It is of course desirable, when possible, to collect the waters to be used as
standards simultaneously with the suspected sample; but this is not abso-
lutely necessary, 1tisone of the characteristie features of unpolluted waters,
particulavly in the case of deep wells, to remain practically uniform in com-
position through considerable periods of time, and a carefully chosen district
standard will therefore remain available for some length of time,
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organisms. Attempts have accordingly been made to detect
these organisms, and a considerable degree of success has heen
achieved in this divection. Most careful water analysts have
for many years been accustomed to the use of {he microscopo
in the cxamination of water, and very often valuable results
were thereby obtained. The fisst, however, who, so to spenk,
aided the microscope by adding a cultivating material to tho
water was, I believe, My, Charles eisch. Mr. Heiseh added
some pure cane sugar to the water and examined the fungus
found growing in sewage polluted water, in consequence of this
addition, microscopically. ~ The process lias quite recently been
again taken up with promising results.  The best known
biological method is, however, that brought forward by Pro-
fessor Koch, of Berlin, which consists in adding a small but
known quantity of the water under examination to n grelatin-
izing cu\ti\'uting material,  This mixture is spread on glass
slides and examined after a time, If the water is free from
organisms no growths make their appearance in the culti-
vating umtcrinﬁ whereas, if the water contained any living
oraanisms, or the germs of such organisms, these will grrow anc
multiply, and thus become visible, each centre of growth corre-
sponding to at least one germ or mature organism, and the
number of such germs or organisms in a given bulk of water
very approximately ascertained, and special orgranisins may even
be identified.  This method has been faken up wavmly in this
country by Dr. Percy Frankland, who has already Yul;lishc(l a
number of valuable papers on the subject, and who, I am happy
to see, is here and will favour us with a paper, and also by Dr.
Bischoff and others, and we may look forward with confidence
to valuable results from their hands, In theory nothing could
well De better than this method ; in practice, liowever, serious
difficulties will have to be overcome before this method ean be
pronounced thorouglly reliable. Thus, some of these organisms
grow best in the dark, others require light ; some grow only at a
moderately low, others only at a moderately high temperature ;
some like one, some another cultivating material. Ilcuce the
number of centres which one and the same water will yicld
may vary with all these conditions, and some kinds of organisms
may not appear at all under one set of conditions, which appear
in abundance under a different set of conditions. All these
poiuts, as well as others not mentioned, will have to be studied
and eleared up before the method will become generally avail-
able.

A second biological method which T should like shortly to bring
before you is one of my own, but for the working out of which,
as far as I have gone, I am strongly indebted to aid afforded me

AUGUST DUPRE,

by Dr. Buchanan, As a chemist it has always been my
endeavour to use chemical means in my researches, in preference
to any othery whenever possible. Accordingly when the question
of these micro-organisms came forward 1 sought for clhcmical
means for their detection, and I believe I have to some extent
succeeded, e method adopted still requires a great deal of
work to he expended on it, and I bring it forward here in the
hope of inducing some of those present to take it up, The
subject is too large for one worker, who moreover is otherwise
busily engaged, to work it out in any reasonable time. The
wroeess will be found fully deseribed in the ‘reports of the
{edical Ofticer of the Local Government Board for the years
1885 and 1886, Shortly stated it is as follows. If a pure,
thoroughly a¢rated water be kept out of contact with air for
say ten days, it will be found to have remained fully aérated.
Tfle same will be found to be the case even with an impure
water, provided the water econtained no living organisms,
Sewage polluted water when sterilized by heating remains fully
adrated.  If however the water contains living organisms, the
state of atration will alter, and in the majority of cases will
diminish ; and the degree of diminution will give some measure
of the number of organisms present. The experiment may be
aried by adding some sterilized cultivating material to the
water previous to bottling, by keeping the water at various
temperatures or varying the amount of lfight to which the bottle
is exposed during keeping, &c. Again, some kinds of organisms
are killed in all their stages of development when heated to a
comparatively speaking, low temperature ; others, particularly in
certain stages of development, are capable of withstanding a
comparatively high temperature without losing their vitality.
By thus varying the conditions of the experiment it becomes
possible not " only to distinguish, by chemical means, between
dead and living organic matter, but even different kinds of
organisms may be distingunished from each other.

There is one other question connected with water 1 should
wish to allude to, as it has scarcely reccived the amount of
attention from chemists that it deserves, namely, the action
exerted by some waters on metals, notably on lead and on iron,
these being the principal metals used in connection with water
supplies, &ec.

Action on Lead—Up to within the last few years it was
generally supposed that the action exerted by some waters on
lead was due, mainly, to their softness, that is, chiefly to the
insufficient proportion of lime salts they contained. In addition
to this, the main cause, it was ascribed to the presence of
nitrates, nitrites, organic matter, &e.  Within the last few
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years, however, an elaborato rescarch has been undertaken by
Drs. Tidy, Odling and Crookes, by which they were led to
the couclusion that the real protective agent, that is, the agent
which prevented the action of water on lead, was silica,  Ac-
cording to this explanation, waters will act on lead if they do not
contain a sufficient proportion of silica, They will not act on
lead if n sufticient proportion of silica be present, not less than
half a grain per gallon, whatever, sycnking brondly, the rest
of the constituents might be,  Drs, Tidy, Odling and Crovkes
have brought forward many facts tending to hear ont their
contentions and although they have not, m my opinion, quite
sroved their case, they have at any rate made out a strong case
}or investigation, and in future analysts will do well to direct
their attention to this point. The question is one beset with
ditticultics, inasmuch as so many factors have to be taken into
consideration before a definite conclusion can be arrived at.,
The chief points to be kept in view ave, in my opinion: The re-
action of the water, whether acid, neutral, or alkaline, the most
delicate reagents to be used for detecting the swme; if the re-
action is acd, the amount of this acidity, and if possible its
nature; the amount of free carbonic acid; the total dry residue
the proportion of lime and magnesia salts in this; the propor-
tion of chlorine; the proportion of nitric acid; organic mafter;
and lastly, the amount nll silicn. It is only by taking all these
points into consideration that a satisfactory final result will be
arrived at.

Aection on Iron~This has not reccived anything like the
attention which has been bestowed on the preceding question ;
mainly I suppose because iron not being a poisonous metal, a
slight degree of action may be, and generally is, overlooked. In
not a few cases, however, the action is so powerful as to con-
stitute a serious nuisance, leading sometimes to considerable
expense. This action is observed mainly in connection with a
Tot water supply, and is, in my experience, due chicfly to the
presence of an excess of magnesium salt, particularly of chloride
of magnesium, The action may be prevented, or at any rate
greatly reduced, by submitting the water to Clark’s process.
Of course pipes other than iron may be employed.  The sclection
of the kind of pipe to be taken is, however, of some ditliculty,
particularly in cases in which expense is an object, and the
thorough treatment of the question well merits the attention of
the sanitary engineer and the chemist.

While I'am on this question I may mention another frequent
cause of the corrosion of water pipes. This is the setting up of
galvanic action whenever two kinds of metal are brought into
contact. As far as possible the use of different metal in water

367

AUGUST DUPRE,

conduits should be avoided, and where it cannot be avoided the
two metals should be kept from metallic contact by the inter-
position of a non-conducting material.

SEWAGE,

I have often thought, and have given public expression to the
thought, that, from a sanitary point of view, the production of
sewage, ordinarily so-called, that is the water carriage of our
house refuse, was & mistake. Ilowever, for good or for evil, the
plan has been adopled, and we must do the best we can for its
satisfactory disposal,  The question is a very large and impor-
tant one, and I cannot treat it in any but a very fragmentary
manner here.

The first point T would mention is, that all authorities who
have to deal with the disposal of sewage should clearly under-
stand that sewage is a nuisance to be got rid of, and not a thing
to make a profit out of.

The next is, that if sewage is to be disposed of to the greatest
advantage of the community, the sewage of every place will
have to De dealt with on its own merits ; no general scheme will
do equally well for all,

Many schemes—good, bad and indifferent—have been elabo-
ated for the proper disposal of sewage, but I cannot deal with
them here; perlmps we shall hear something about them at this
meeting,  But with your permission I will throw out some
suggestions on the general aspeet of the question,

n the first place, I am decidedly of opinion that whatever
scheme may be adopted (except destruction of the sewage
material by fire), the agents to which the ultimate destruction
of sewage is due are ﬁving organisms (not necessarily micro-
organisins), cither vegetable or animal, If this be so, our treat~
ment should be such as to avoid the killing of these organisms or
even hampering them in their actions, but rather to do everything
to favour them in their beneficial work. Now in order to avoid
this danger, and at the same time reduce to a minimum the nui-
sance due to the existence of sewage, we must begin our treat-
ment in the sewers themselves, a step further back than it is
usually begun,  Of course I am aware that sewers are laid out
with a view of bringing the sewage in the shortest possible time
from the sources of production to the general outfall; but even
in towns of moderate size the time clapsing in the passage of the
sewage hetween these two points is sullicient to render the
sewage offensive, at least in summer time, while in large towns
the sewage has time to become very highly offensive. No doubt
the great bulk of the sewage as a rule reaches the outfall in a

. . [ b
short time, but the time which has to elapse before the whole of
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the sewage contained in the sewersat n given time is discharged
is far longer than is gencrally sup wsed, This offence ought to
be avoided; how can it be done? 1t should nof be dun}s ina
manuer to destroy our beneficial organisms, or even seriously
to cheek their action in other wm'(ﬁ', the use of disinfeetants
or of powerful antiseptics should be avoided. T have the less
hesitation in saying this, because, on the score of expense, it
is practically impossible to really disinfect infectious maiter
when once 1t has found its way into the sewers, All that
is usually done in_ this dircction is really a deception—no
doubt a self-deception —on the part of those cm Hoying such
means. Al we can therefore really do is to deodorise the
sewage, and this can be done without in the least interfeving
with the immediate or subsequent action of the orgamsms on
which we depend for the final destruction of the sewage. The
best material for this purpose is, in my oknmon, a solution of
permanganate of potassinm, prepared on the spot from crude
manganate by the addition of acids or suitable salts to the
same, Sanitarians are, I think, greatly indebted to M, Dibdin,
of the Metropolitan Board of Waorks, for bringing, by his
encrgy and courage, the manganates, anl .('OllSl'(lll.('llt.].\' also the
permanganates, within the reach of practical samtation. And
et it not be supposed that all we effect is simply deodorization
of the sewage; but we also in great neasure check putrefac-
tion, and thus do away with what scems to be the chief agent
in carrying disease germs into our streets and houses, namely,
the rising and bursting of gas bubbles from the sewage.

Sewage thus treated will arrive at the outfalls in a practically
inodorous condition, or nearly so, according to the amowunt of
manganate used, and is fit for any kind of treatment we wish
to a(fopt, such as:

Sewage farming with untreated sewage. .

Sewage farming with sewage clarified by subsidence.

Sewage farming with sewage clarified by precipifation,

Precipitation and filtration, .

Precipitation and discharge, if necessary previously deodo-
rised, into a river of sufficient volume to prevent the production
of n nuisance. According to the exigencies of cach particular
locality. '

As regards processes of precipitation, I will merely remark
that inasmuch as no proportion of chemicals which can practi-
cally be employed will do much more than clarify the sewage,
the proportion of chemicals employed should be kept as low as
is consistent with the object to be obtained, namely, clarifica-
tion, and that, more particularly, the use of large quantities of
lime should be avoided.

TERCY F, FRANKLAXND, 369

To sum up: let natural agencies have their way, assist and
direet them into proper channels as far as you ecan, but inter-
fere with them as little as possible.

My, Roaens Frenn, M.Inst.C.E, (London), moved a voto of thanks
{0 Dr. Dupré for his admirablo address.  As bearing on the subject
matter of that address he might say he had known of more than one
wse in which water had been analysed by a loeal chemist and pro-
nounced to be good, when he himself’ had been nearly certain from
the surroundings that it had been polluted with sewage, Fhe discre-
paney had been ¢leared up for him by Dr. Dupré.  Fhe opinion that
{he water was unpolluted was given simply on the general grounds
that water which contained only such and such ingredients was unpol-
luted.  But. directly a sample of unpolluted water of the district was
obtained and compared with the water in question it was found that
the water was clearly polluted,

Mr. J. B. Gass (Bolton) scconded the vote of thanks to Dr.
Dupré for his admirable address, and remarked on the vital importance
of correct and high standards for the purity of water for domestic
purposes, as a question, the application of which directly aftected the
health of the whole population.

Dr. A. Dvrrf, F.R.S. (London), expressed his thanks for the
compliment, and then called on Mr, Frankland and Dr. Parkes to read
their papers, saying it would be better to discuss them both together,

On “The Application of Bacieriology to questions relating to
Water Supply,” by Prrey . Franxraxp, Ph.D., B.Sec.
Lond, I.C.S., F.1.C., Associate of the Royal School of
Mines.

Avrniouvcn the modern development of the study of bacteria
and other allied micro-organisms has now attracted the atten-
tion of the public for a number of years, and has excited
such general interest that references to *bacterin,” © germs,”’
“microbes,” and the like are frequently to be found in the daily
papers and other prints freely circulated amongst all classes of
the population, yet it is often only too palpable from these very
allusions that but little sound knowledge concerning these miero-
organisms has penetrated beyond a comparatively Timited circle.
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370 WATER SUPPLY,

T am, therefore, of opinion that on the present oceasion it will
not be out of place to point out bricfly some of the more
important applications of bacteriology to the subject of water
supply.

In"the first place it may be stated generally {hat bactervio-
logical science has so far heen a )plimrtn the investigation of
the sanitary aspeets of water supp}_\' in three different ways :—

1. In the actual detection of disease-producing or patho-
genie micro-organisms in potable wafer,

2. In determining the influence which filtration and other
methods of water purification (hoth natural and arti-
ficial) have on micro-organisms in general,

3. In ascertaining the fate of discase-producing or patho-
g}-uic microbes when introduced info different kinds
ot water,

We will deal with these three applications of hacteriology
in order: '

1. The detection of pathogenic micro-organisms in drinking
water.

It is frequently and very generally supposed that the all-
important task of bacteriology in conneetion with drinking
water is to ascertain whether or not a given sample of water
contains micro-organisns capable of producing disease.  Now,
even assuming that we were fully acquainted with all the micro-
organisms capable of producing discase, which we certainly ave
not, even then the examination of water for hurtful microbes
would be a comparatively unimportant application of bacteri-
ology, one possessed of only limited and local interest, and if
relicd upon alone, capable of leading to most erroncous and
dangerous deductions, For instance, of what value would it be
to ascertain that a sample of some particular water supply was
free from the infectious principle of typhoid fever or cholera
on some particular oceasion?  Information of this kind has
obviously nest to no interest whatever, for the absence of
these infectious principles on one occasion affords no indication
that they may not be present at a future time, Tmagine the
absurdity of examining all the potable walers of England for
the specific poison of typhoid fever, and assuming that the
poison, if present, could be detected with uncrring certainty,
how many of the most dangerons waters would escape condeni-
nation becanse at any particular moment the chance of their
containing the poison is infinitesimally smalll

It cannot be sufficiently emphasized that the mere detection
of zymotic poisons in water is a matter of complete unimportance
from a general point of view, and the fact that the detection of

PERCY F, FRANKLAND,. 371

even the few known zymotic poisons is at present a matter of
the greatest difticulty, and in consequence of the almost invariable
and enormous preponderance of harmless organisms, is really of
but little consequence, as the important hearings of bacteriology
on water supply lic in an altogether different direction.

It. shuul«,, however, be mentioned here that the organism
which is widely evedited with heing the producer of cholera was
by Koch found during an epidemic in the tank-water used for
dvinking in India, and quite recently the organism, which is
believed to be the contagium vivum of typhoid fever, is alleged
{0 have been found in a well-water which had been used by
persons suffering from this disease,

It is obvious that this first application of bacteriology to
witer-sanitation is of far more interest in throwing light upon
the manner in which particular diseases may be disseminated
than in forming our opinion as to the fitness of water for
domestic use, It is in fact of interest rather to the student of
discase than to the student of water-sanitation.

9. Determination of the Influence which Filtration and other
methods of wuter-pur{ﬁcah'on (both natural and artificial) have on
micro-organisms in general.

Inasmuch as a large proportion of all the water available for
domestic use las at some period of its history been exposed to
the risk of contamination with infectious matters, it obviously
beecomes a matter of primary importance to ascertain with what
degree of probability these infectious matters, should they have
mained access to the water, would be removed in the subsequent
natural or artificial treatment which the water has undergone.

Now the infectious matters which the systematic investigation
of zymotic disease has revealed are in every ease micro-organisms,
and thus the study of the removal of infectious matters from
water becomes synonymous with the study of the removal of
micro-organisms from water, But as we are acquainted with
only a few of these infeetive micro-organisms, it is neeessary to
study the influence of methods of water-purification on miero-
organisms in general, irrespective of their liartful or harmless
character.  On this subject, bacteriology in its present stage of
development is capable of throwing the most important light.

In a paper which I had the honour of bringing before the last
meeting of the Sanitary Congress at York, I had oceasion to
puint out some of the results which T had obtained in the
application of bacteriological methods to the examination of
the London water supply. I there showed how the process
of sand-filtration, which is employed by seven out of the eight
companies supplying the metropolis, is in reality an operation
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372 WATER SUPILY.

of the greatest samitary importance, and not a mere useless
formality, as had been generally supposed before, . .

As every fresh confirmation of these results is necessavily of
importance in estublishing the fruth of this new departure in
our views, I venture to bring before you on this oceasion the
fresh material which I have accumulated in cavrying on theso
investigations for the Local Government Board up to the close
of the past year,

In the following table I have recorded the number of micro-
organisms, as determined by gelatine-plate cultivation, in the
unfiltered waters of the Thames and Lea, as well as in the
filtered waters supplied by cach of the seven companies drawing
from these sources :—

1886.
Total Number of Colonics obtained by Cultivation of one Cubie
Centimetre of Water,

DEsCRIPTION OF WATERML Jan. Feb. | March. | April. | May. | June,
THAMES,
Thamnes UHHIETed «eeverereeenese! 43,400 115,800 111,415 | 12,250 | 4,800 8,300
CHelSea voveveerereevvvemmseenineennae| 100 HIK] 204 vl hY 60
West Middlesex i, 150 Bl 17 47 19 145
Southwark ...... ceerevensanraneena| 9270 288 1 1,062 ') o0) 04
Grand Junction ....iieeeeecen. 4,804 203 Kl 115 il 17
Lambeth ...ceveeernsricniennnnen| 2,087 2065 287 200 186 129
LEA,
Lot UDAHETE veeerereeereneennees| 30,300 [20,600 | Q025 | 7,300 | 2,050 [ 4,700
Now River .icccvvvviviininneennnnd) 363 74 45 GO 29 H3
tast London .ooovviiiieiieienenn.| 224 252 b3s 269 143 445
Total Number of Colonics—eontinucd.
DrscripTiON OF WATER.| July. | August.{ Sept. | Oet. Nov. | Dee. ‘\ng(:'

THAMES,
Thames unfiltered ...] 3,000 | 6,100 | 8,400 | 8,600 | 56,000 | 63,000 20,25
Chelsen .ovveevveeersones 09 S03 87 34 G5 222 146
West Middlesex ...... 45 25 27 23 47 | 2,000 234
Southwark ....ccceeeee A80 G0 49 61 8211 1,100 21
Grand Junction......... 14 12 17 %7 80| 1,700 630
Lambeth ...... 155 | 1,415 b9 45 108 J0D 475

LEA.

Lea unfiltered .........| 5,400 i 4,300 | 3,700 | 6,400 | 12,700 [121,000 19,761
New River......... 46 bd 17 10 32 400 102
Tast London ,..ceeenn] 134 243 165 HI 248 280 203
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In connection with this table it should be pointed out that
the figures obtained for the New River Company are not really
comparable with these of the East London Company, inasmuch
as the New River Company draws from the river Lea at a point
many miles above the intake of the Kast London Company, and
its river supply is to a considerable extent diluted with water
obtained from deep wells,

If it he assumed that the samples of unfiltered water repre-
sent. the average composition of the river waters gaining access
to the various companies’ reservoirs, it is obvious that we can
represent the diminution in the number of micro-organisms
which has taken place before delivery by percentage figures
representing roughly the efliciency of the treatment which the
water has received at the hands of the several companies,  In
the following table 1his percentage reduction is recorded for
each of the compmnies, excepting the New River, which for the
reasons mentioned above is not comparable with the others:—

1880.

Percentage Reduction in the Number of Developable Micro-orqanisms
present in the Itiver Waters before delivery by the Companics,

DESCRIFTION Q¥ WATER. Jan. Feb, March. | April. May. [ June
THAMES,
Chelsea ............ cevverenineeenes| 037 ‘1 974 | 902 | 088 993

08
West Mildlesex .ovvveeneneneen] 90 995 085 996 996 983
Somthwark voevveeninensnennees| 39970 082 | 853 094 904 9890
Grand Junction ..ccvevcieeeenee] 802 087 967 991 089 998
Lambethh vovvirnvnincnrennnnn| 949 033 975 983 072 93:H

LiA.
Last London  aeevevciieenniannns] 944 088 | 941 953 | 95

g
3]
=]
<
{13

Lercentage Reduclion-—continued,

DESCRIPTION OF WATER. | July, Aug. Sopt. Oct. Nov. Doc. “}l‘,',if'
THAMES.
Chelsea ....oecvvveveneens 030 050 990 996 99-0 007 986
West Middlesex ......] 985 996 907 997 au-g 96:8 901
Southwark .eovvviinnen. 873 990 904 a9u-3 004 953 087
Grand Junction......... 995 998 U498 091 990 973 952
Lambeth ...ccceeviennes 048 768 993 95 998 905 96-2
LEA.
East London .....eee.-..t 97D 913 0955 085 080 95'8 94435
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374 WATER SUPPLY.

These results are confirmed by {he experienco obtained in
other places.  Thus 1 have had an opportunity of examining the
effect of similar treatment on the water supply of a large town
in the north of England,  In this case the results obtained were
as follows :—

Unfiltered Water. 81,200 micro-organisms found in

one cubie centimetre,
Tiltered Water. 122 ditto,
Pereentage Reduction,  98:0 per cont,

Results entirely in harmony with these have been obtained in
the similar systematic fnvestigation which lias for some time
past been made of the water supply of Berlin, and the amount
of material which has thus been accumuluted, hoth here mud in
Germany, is now so overwhelming as to place the facts which 1
have brought hefore you altogether beyond doubt.

It iz, however, of the greatest importance that further
investizations of a more defailed nature should be carried out,
in order to render the process of filtration Jess empivieal in
character and to do away with the oecasional irvegulavities in
the efficieney whicl ave appavent in the above tables,

The natural purification of water by filtvation through porous
strata of the cavth may be similarly ascertained provided it is
obtained in a continuous stream from the water-bearing stratum
without having undergone storage. 1 may cite as instances of
this kind of filtration, which I have had occasion to examine the
efficiency of—

1. The underground water of the Grand Junction and
Southwark Companices,
2. The deep well water of the Kent Company.,

The underground water of the Grand Junction and South-
wark Companics, is obtained from the extensive gravel heds
which are found in the immediate vicinity of the Thames at
Hampton, in fact the water of the Thames is artifically intro-
duce(\ into these beds and then abstracted again after it has
traversed them for a horizontal distance of about 100 ft.  When
1 examined these waters bacteriologically some time ago, 1
obtained the following results :—

Number of micro.organizms

Undergronnd Water, tound in one cubic cendimetre.

Grand Junction Company..eeeievieiiieresereseene.208
Southwark Company veecevassern ascirneninsecrnceenses 08

Now as the unfiltered Thames water would doubtless contain
about 10,000 organisms in the cubic centimetre, it is obvious
that the percolation through the gravel beds had in each case
effected a very large reduction.

TERCY F. YRANKLAND, 375

In the ease of the deep well water of the Kent Company,
which [ have under constant observation, the number of micro-
organisms in the water as it is pumped from their deep wells in
the chalk is generally very small indeed, as scen from the
following record for the year 1886 :—

Number of Micro-organisms found in one cubic centimetre
of aler,

J .
clatsletelelaleld)elsls|ts
- = [N
Slelg|Z|83|3131Z213|8 1w |a ="
Lent Coinpany'sdecpwollwater § .., l b ‘ 4 I 7|84 l 12 | 9| 6|82 ‘ 12 ‘ i1

The occasion when the number amounted to 82 per cubic
centimetre was after the well had been under repair, and con-
sequently the regular course of working had hecome disturbed.

OF course, in the case of natural filtration of this kind it is
impassible fo say what may have been the original condition of
the water, and, consequently, the efticiency of the process can-
not. he expressed by means of any percentage fisure, as was
adopted above in the ease of artificial sand-filtration,

1t is clear, however, that the small numbers obtained in the

" ease of this deep well water really amount, practically, to com-

plete removal of all originally present micro-organisms, since
the well, pumps, pipes, &e., used in raising the water cannot be
rendered sterile, as woulll he done in the case of a laboratory
experiment, and a small number of organisms must, therefore,
be expeeted in the pumped water, even if the water actually
issuing from the strata was absolutely sterile.

3. Determination of the fate of disease-producing or pathogenic
microbes when introduced into different kinds of water.

As already pointed out, it has only in most exceptional cases
been possible to discover the presence of organisms known to be
pathozenic in water, it was only natural, therefore, to ascertain
experimentally what becomes of suel pathogenie micro-organisims
when they are purposely introduced into water of different kinds,
T have made a number of experiments in this direetion, the
principal pathogenic organisms which I have employed for the

purpose heing the bacillus anthracis, Kocl's comma spivillim, -

and the streptococcus of erysipelas. It would be beyond the
scope of the present paper to detail the nature of these experi-
ments, which I have fully deseribed in communications to the
Royal Society and the Society of Chemical Industry, but I may
briefly summarize the results as follows :—

1. The “comma” spirilla were found to flourish and multiply
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376 WATER SUPPLY,

abundantly in London sewage, whilst in deep well and filtered
Thames water, althongh they were still demonstrable after nine
days, they were only present in very diminished numbers.  In
the sewage the “conua” spivilla were still found to have
retained their vitality after eleven months,

2, The bacillus anthracis confaining spores retains its vitality,
even when introduced into distilled water, for a ]n'u(-livullzv
indefinite time, and when introduced into London sewage it
undergoes extensive multiplication.

8. The streptococcus of erysipelas was found to possess but
little vitality cither in potable water or sewage; it was, however,
still discoverable in filtered Thames water after five days,

These experiments, thevefore, show that, whilst ordinary
drinking water does not form « suitable medinm for the ex-
tensive growth and multiplication of the pathogenie micro-
organisms, and that in some cases these forms may undergo more
rapid destraction than was formerly supposed, yet, that in the
condition of spores, they are extremely permanent in any kind of
water, however pure; and that even those of which no spores
arc known may often be preserved for days, or even weeks,
We have thus no difliculty in understanding both how zymotic
poisons ¢an be carried by watery as well as how in some cases
water known to be infected may fail to communicate zymotic
discase, In fact, these experiments prove most conclusively
that no reliance can be placed on the spontancons destruction
of pathogenie organisms gaining access to potable water,

1t is obvious that the experimental field in this third depart-
ment of the subject is a very extensive one, and that an almost
unlimited amount of work remains to be done both with those
pathogenic organisms which are already known, as well as with
those which may be discovered in the future.

Finally, I should like to point ont a fourth possible, although
perhaps not probable, development of the :lpplic.'lfion of bacte-
riology to questions of water supply, and that is the future
discovery of micro-organisms absolutely characteristic of sewage
pollution generally. It is obvious that the identification of such
distinetive forms would be of the utinost value, as it would enable
us to fix upon waters which had received sewage contamination,
and had not subsequently undergone such purification as to
“remove all the organisms which were present in the sewage.
Such a test would be of an altogether different order from that
referred to in Section 1, for we should condemn water which
had undergone sewage contamination, irvespectively of whether
the sewage was harmless or infectious; whilst the test referred
to in Section 1, and which is frequently supposed to be the
ultimate aim of the bacteriological examination of water, would

JOUIS PARKES, 377

lead us only to condemn waters which had heen contaminated
with infective sewnge,  But if a waler is contaminated with
haymless sewnge fo-day, it may he fouled with infective sewage
to-morrow; aud thns the utter worthlessness of the idea that
the aim of bacteriology applied to water consists in discovering

pathogenic organisis is apparent,

[For discussion on this paper se¢ page 388.]

On “Water Analysis,” by Louis Pankeg, M.D,, Public Iealth
Cert. Lond., Assistant to the Professor of Iygiene and
Demonstrator in the Ilygienic Laboratory, Univ. Coll.,
London.

Tug practice of submilting to an analyst samples of water
used, or intended fo be used, for drinking purposes, is one
undoubtedly much in favour amongst the publie.  The house-
lolder who has read of the dangerous pollutions to which water
in wells or cisterns is liable, wishes to know as regards his own
domestic arrangements whether the water he drinks is pure and
free from suspicion of contumination.  Ie collects some of the
water in @ bottle and sends it to an analytical chemist for
his opinion on the matter.  In the course of time a report is
received, couched in language and figures unintelligible for the
most part to 'the lny comprehension, but with a few sentences
at its termination approving or condemning the water on the
results of the analysis; and on this opinion the houscholder
proceeds to act. His faith in the purity of the water is either
restored or it is shattered, with the result of his making exten-
sive alterations in the water arrangements of the house, or else
seeking a new source of supply. The question therefore of the
extent to which chemists and sanitary experts are justified in
forming definite conclusions as to the safe or dangerous charac-
ters of waters submitted to them for examination is one of
considerable interest to the public generally,

Broadly speaking, there may be said to be three methods of
examining water, as regards its fitness for domestu.: use:

1. Physical Evamination, by which such qualities as its ap-
pearance {colonr, clearness, lustre), its taste and its smell are
determined.  No one thinks of relying solely on the colour or
smell of a water when he wishes to form an opinion about its
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318 WATER ANALYSIS,

fitness for drinking 3 so that although this examination, heing
asily and rapidly made, is always included in every scheme of
water analysis, the indications it gives ave necessavily only con-
firmatory of the other resulis that may bhe obtained,  "The
microscopical examination of the sediment deposited by a furbid
water should also be ineluded in the physieal exumination ; bud
of this we shall have to speak further on,

2. The Quantitative Feamination of dissolved solids in the
water by chemical annlusis, is the second methold 3 and

3. 'The Biological Ereamnination, whicl is concerned with the
quantitative estimation in the water of living micro-organisms
belonging to the Bacteria and allied species is the third method,

It will he unecessary, owing to the limited time at our dis-
posal, to confine our attention to that aspeet of the subject
which is conunected with the determination of the possible
organic pollutions of a water; awld, indeed, it is only on this
question that any misconeeption exists,  No one denies that
the presence of inorganie salts in a water—salts which may
yender it, from their excessive amount or poisonous nafures,
unfit for drinking—can he determined aceurately by the chemist,
The chemist can and does rightly condemn the water which is
brackish from infiltration of sea salts, or that which contains
excess of lime and magnesian: salts, cansing an undesivable or
positively injurious amount of hardness, or the water which in
its ‘mssngc through vavions strata may have taken up traces of
lead, copper, or avsenie.  In such cases as these there is no room
for controversy, but it is in those cases where an opinion is
desived on the nature and extent of the organie pollutions that
a water has been subjected to, that the scientific mind has been
so deeply stirred,  The question is not yet settled, nor is it
likely to be, until onr knowledge is more extensive and more
accurates but in the meantime a review of the matter in ifs
larger aspeets may not be out of place,

Firstly, it will be well to cousider what it is the analyvst
wishes to determine when he is dealing with the possible organic
pollutions of a sample of water submitted to him. He wishes
to determine (a) the amount of organic matter present in a
measured volume of water, and (&) the nature of this organic
matter, i.¢., its source or origin, and its potentialities for evil.
Docs chemical analysis enable these two apparently simple
points to be correetly determined?  First, as regards (e) the
amount of organic matter present.  No one who has looked
into the subject at all needs to he told that no simple method of
estimating organic matter has yet been devised,  There is no
reagent which can be used as a quantitative test for organic
matter, for the simple reason that there is such a numberless

TOUIS PARKLS. 379

variety of substances all conveniently included under the generie
germ * organie,” that. no single chemical reagent could possibly
have the swme aflinities for all of them, and consequently
whilst it. might give corveet indications of the amount and pre-
gence of one or more of them, it could not possibly do so for all.
No doubt the DPotassium Permanganate solution can—as the
{est is now carvied out—Dhe trusted to estimate approximately
the amount of oridisuble organic matters present in the water.
But. those matters which ave oxidisable Ly Permangunate of
Potassinm solution are not the only matters of organic origin
which may be present; we do not know what proportion they
form {o the total organic matiers, nor do we know whether
their deleterions properties are greater or less than those of the
non-oxidisable matfers,

Failing in our efiorts to identify organic matters as such in a
waler, two methods have heen devised for their estimation from
the amounts of some of their constituents—processes involving
in 1he one case the breaking up of the complex organic molecule
into the simple compound ammonia, by means of destructive
distillation with a strongly alkaline solution of permanganate
of polassium; and in the other the resolution of the organic
matter into its primitive elements carbon (or more accurately
arbonie aeid) and nitrogen, by means of heat applied to the dry
residuc obtained from a measured volume of water by evaporation.
The first process—the joint invention of Wanklyn, Chapman,
and Smith—is known as the “albuminoid ammonia process,” be-
ause albumen is one of the principal substances which yield
ammonia on distillation with an alkaline solution of permanga-
nate of potash, The second, or combustion process, is due to the
inventive genius of Frankland and Armstrong,  There can be
no doubt {hat theoretically, and eonsidered from a philosophical
standpoint, Frankland’s process should give better results than
Wanklyn's, Inthe former, all the organic matter present is acted
upon—none can cseape.  In the latter, the whole of the nitrogen
contained in the nitrogenised organic matters is not converted
into ammonia, for whilst permanganate of potash acts powerfully
on some kinds of organic matter, it has little or no cffect upon
others, and the non-nitrogenised organic matters ave left out of
account altogether. Thus the results obtained have not an
absolute significance as they have in Frankland’s process, but
only a relative. Ts this a drawback in actual practice when
Wanklyn’s process is in use? From Dr. Cory’s experiments®
it would appear that it is, for he found that the results of
different analyses were not comparable with each other except

* Tteport of the Medical Officer of the Local Government Board, 1831,
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380 WATER ANALYSIS,

under certain conditions, as when the polluting material was of
the same natuve in all; but on the other side plenty of evidence
is to hand showing that under the conditions met with in actual
practice the process is to be relied on, especially in estimating
those very minute quantitics of organic matter which alone are
wsually found in natural waters. 1 wonld more particularly
refer to the experiments of My, Cassal and Dro Whiteleggo®
on the quantitative estimation of ege—albumen in water by
Wauklyn's process—experiments which throw some doubt on
the conclusions arrived at by Dr. Cory from his own experi-
ments,  When the polluting ingredients nve relafively very
large in amount, there can be no doubt that considerable
inereases or deereases in the amounts of organic matter arve
not shown in an exactly proportional increase or deerease of
albuminoid ammonia.  But this is not a matter of practical
importance, for if it is rvight te condemn a water which shows
more albuminoid ammonia than the minimum faken as a stand-
ard by Wanklyn from his own experience, then it ciimot much
matter whether the albuminoid ammonia exceeds by 50 times
or ouly by 20 times the allotted amount,  Wanklyn’s process
is ensily learnt and casily worked, whilst Frankland’s is most
dificult : except in the hands of the most expert it may give
an error of experiment greater thaun the total quantity to be
measured.

But after all it is not the amount of organic matter in a
water which renders it harmful, but its kind; and hence the
folly of setting up n minimum standard, as Wanklyn has done,
for every adversary to tilt at,  Our food consists very largely
of organic matters, and we ought not to object to taking food
and water together, were it not that experience has shown that
the organic matter in water is often derived from food materials
which have already once passed through the human body,
acquiring thereby a potentiality for mischief not to be lightly
risked, '

We have seen then that chemieal processes enable us, in one
way or another, to estimate the amount of organic matters in a
water—more or less roughly it may be, but still sufliciently for
the purpose. Do they give us any information as to the kind
of organic matter present? To a certain extent they do; for
by their means we can in most cases discriminate the origin of
the organic matter, that is to say, its derivation from the
animal or vegetable kingdom. When the pollution is of vege-
table origin, chlorides and free ammonia are usually present to

¥ Remarks on the analysis of water for sanitary purposes. Transactions
of the Society of Medical Officers of Health, 1834,
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only a slight extent. By Trankland’s method under such
civeumstances it is found that the ratio of organic carbon to
oruanic nitrogen is high, whilst by Wanklyn’s the proportion of
albuminoid ammonia to free or saline ammonia is relatively
lavgge.  When the pollution is derived from an :minpa! source,
and more especially when it is devived from sewnge infiltration,
owing to the large amount of common salt and ammonia from
decomposed urea found in urine, chlorides :m(! frt.-c ammonia
ave present in excess, the f.rce. mnnmnin.llmt is distilled over
greally exceeds the albuminoid ammonia, and the ratio of
organtc carbon to organie nitrogen is low. Microscopic ex-
amination of the sediment 'l‘c:lfB’ aids in this determination,
In the one ease fragments of decaying vegetable structure and
the minute forms of aquatie life which find a habitat in such
materials may be fmm(,; whilst in the other, objects such as
fibres of linen and cotton, hairs, epidermic seales, &c., which
are characteristic of excretal and waste refuse, may be discerned.
It is possible then in most cases to distinguish by chemical
processes, with the aid of the microseope, between pollutions of
animal and vegetable origing and this distinction 1s an 1mpor-
tant one, for there can be no doubt that pollutions caused by
sewage infiltration, by soakage from graveyards, or by decom-
posing animal bodics, are infinitely more dangerous than the
pollutions arising from decaying plants and the organisms that
{hrive amongst them, But these latter must not be thought
of as harmless, Ague, intermittent fevers, and dysentery are
propagated by drinking vegetably-polluted waters, :1'11(1 we
«annot tell whether the specifie virus of one of these disorders
may not be lurking amongst the more innocent matter.
Supposing it to be allowable to pass as satisfactory a water
contaminated to a slight extent with vegetable matter—on the
gronud that such waters can usually be drunk without the
slightest fear of injury, and that therefore a minimum standard
of pollution under such circumstances may be a very necessary
thing,—it must be admitted that there can be no reason why
a water which is reasonably believed to be polluted with sewage
or other animal emanations should not be condemned at once,
however small the pollution may be. It may be said that large
numbers of people are continually in the habit of taking sewage
into their systems along with their drinking water—the circular
system of water-supply from cesspool to well, and again from
well to cesspool through the human body being all too comimon,
—Dut all scientific history proves that such people are walking
on the brink of a precipice which may at any time crumble
away and precipitate them into the depths below. The diffi-
culty in water analysis is, in many cases, to distinguish between
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382 WATER ANALYSIS,

sewage pollutions and other conditions which ave characteristic
of pure natural waters. Unless the source of the water is
known, a deep well water may easily be conecived fo be awater
polluted at some former period with sewage, and therefore
liable to further contamination, and consequently dangerous,

Chemical analysis enables us to determine, by a quantitativo
estimation of the nitrates and nitvifes, whether a water has
been polluted with animal organie matters at a former period,
By the action of nitrifying bactevinl organisms, water in its
passage through the soil is purificd—the organie mafter is con-
verted into nitrates and nitrites of the alkaline carths.  Many
deep well waters of the purest Kind organically ave thus known
to have been originally derived from polluted sources; hut they
have become purified by filtration {hvough the immense thick-
nesses of soil and rocks that they have traversed in their passage
from the sweface of the carth. A “previous sewage contami-
nation,” as it has been termed by Frankland, is a matter of no
practical importance, as regards the fitness of a water for potable
purpoeses, so long as it oceurred at a sufliciently remote period
to leave the quuTih' of the water at the present time unaffected
by it, and provided that it does not occur again,  On this Jatter
point of course chemistry can tell us nothing,

Chemical analysis can deteet and estimate very minute traces
of organic matter in water; but can it lelp us in those cases
where, although the amount of pollution has been almost in-
finitesimal, it has been sufticient to cause widespread outbreaks
of discase? Such cases have oceurred at Caterham, where,
according to Dr, Thorne Thorne,* more than one and a lalf
million gallons of water were in a fortnight rendered capable of
propagating typhoid fever by the infected discharges of one
man,  Again at Plymouth, in Pennsylvania, the excrement
of one typhoid fever patient which lad been thrown upon the
snow near a stream which supplied the town reservoir, was
sufficient to cause a widespread epidemic amongst the con-
sumers of the water, This water, we are told, was chemically
the purest of the three sources of supply for that town.f It does
not appear that the Caterham water was analysed at the time
of the outbreak; hut supposing the facts 1o be as recorded, the
pollution is evidently so infinitesimal—much less than one grain
of polluting material to the gallon—that there must have been
a failure to identify it as a dangerous pollution by chemical
analysis, We can only conclude then that such cases, when
they occur, are beyond the reach of chemistry. They are very

* Report of the Medical Officer, Local Government Board, 1879,
t Sixth Annual Report of the State Board of Health of New York,
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similar in character to those where artificially manipulated
waters have heen submitted to a chemist for his opinion, and
lie has failed to deteet the pollution,  Dut these infinitesimal
pullutions are very vare in practice ; in ninety-nine cases out of
n hundred, specific pollution of a water occurs along with such
gross pollution by other organic filth, either recent or at a
former period, that the chemist cannot fail to deteetit.  Wemay
conclude, then, that there are cases where a chemist may pass
a dangerous or actually disease-praductive water as pure, but
that such cases in actual practice are very rarve; and that it is
not. right {o condenm a method altogether because it fails under
a very vare combination of circumstances. The failure really
lies in the inability to distinguish between the different kinds
of organic matter, between the dead and living, the noxious and
the inmocuons,  The chemist can tell us none of this; we must
remain satisfied with the information he can give as to the
amount of polluting material and its probable derivation from
the animal or vegetable kingdom,  As Dr. Buchanan has
said, “{he chemist can tell us of impurity and hazard, but not
of purity and safety.”

The biological examination of a water by what is known as
Kocl's gelatine-peptone test has been thought by many to be
capable of supplying that information as to the number and
mature of the living micro-organisms in a sample of water
which we have seen that chemieal analysis is unable to furnish
us with, It is desivable to consider a few points in connection
with this new method, upon which so many hopes have been
founded, In the ordinary microscopic examination of water
little ean he learnt. unless there is enough sediment deposited to
form a distinct objeet in the field of the microscopic lens, In
this field various microscopic animaleule may be seen, and
where putrefactive changes are in progress the different forms
of Dacterial life always associated therewith may be observed
under a high power. The cultivation test is not concerned
dircetly with any of these larger microscopic ebjects, but aims
at developing on the cultivating medinm the germs or spores of
the fungi or bacteria present in the water (but not to be
detected 'in the ordinary way by the microscope) into isolated
colonies, which after a certain period of growth are quite visible
to the naked eye, and present morce or less characteristic micro-
scopic appearances. A pure culfivation of any one of these
colonies may subsequently be made on a sliced potato, or in a
test-tube containing sterilised broth or peptonised gelatine, and
the mode of growth in these media determined ; or the colony
may be submitted directly to examination under a high power
of the microscope.
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384 WATER ANALYSIS,

. There can be no doubt that the dangerons properties of
polluted water are due not to the dead ovganic matter it con-
tains, but to the living micro-organisins ur\\'n_\'s found in asso-
cintion with dead matters.  The proof of this is known fo
everybody.,  When a suspicions or dangerous water is hoiled
for a few minutes it is rendered harmless. The organie matfoer
is not destroyed—it is still there, and can be deteeted, as be-
fore, by chemical analysis— but the living  organisms ave

killed, "Koelt’s cultivation-test cnables us fo estimato approxi-

mately, in any sample of water, the number of germs which,
when cultivated on peptonised gelatine under ordinary con-
ditions of light, moisture, andl temperature, ave capable of
forming well-defined colonies.  In so far then as this test gives
information as to the amount of organic life in a s:uinc of
water, it tells us what chemistry cannot. But it must e re-
membered that there are many micro-organisms—and amongst
these many pathogenic micro-organisms, whose presence or
absence in a water we are most particularly concerned about
—which cannot grow in peptonised gelatine; they must be
cultivated in broth or blood serum, or some ofhier medium,
There are others which do not grow at ordinary temperatures,
or which only grow in darkness, or which can only be cultivated
under a variety of conditions not to be found in the ordinary
method of employing the test.  The concelusion to be avvived at,
therefore, is that the gelatine-peptone fest ean only afford
partial information as to the number of microphytes in a water:
the results of one examination may be and no doubt are
directly eomparable with those of another conducted under like
conditions, just as albumincid-ammonia results are comparable
with one another—Dbut this is all that can be said.

Is there any relation between the amount of organic life—
the number of “centres” or “colonies,” as determined by
the gelatine-peptone test—and the amount of organic matter
as determined by chemical analysis?  According to Professor
Bischof * there is, when the samples are examined without any
delay. In a chemieally-polluted water the number of colonies
is enormously in excess of those found in a chemically pure
water.  But should the examination be delayed, the influences
of storage and temperature come into play. Under suitable
temperatures (20° C. to 40° C.) an enormous development in
the number of microphytes takes place, even in a water so
chemically pure as the New River Company’s supply to London,
when stored for a few days. This is the more remarkable, as it
might be supposed that so pure a water did not contain sufti-

* Transactions of the Society of Medical Officers of Ilealth, 1885-8G,

LOUIS PARKES, 385

cient nonrishment to enable an enormous multiplieation of

living micro-organisms to {ake place. An analogous circum-"

stanee, which is capable of explanation as above, is well known’
1o those who practice Wanklyn’s method, When a somewhat
wolluted water is aualysed a second time, after keeping a few
days, it is found {hat the free or saline ammonin has consider-
ably diminished, whilst the albuminoid ammonia has inereased,
The ammonia has served to nourish the microphytes, and
enubled them fo undergo enormous development—a fact made
known to the analyst by the inerease of albuminoid and corre-
sponding decrease of free ammonia,
The next question which suggests itself is—has the number
of colonies as determined by Kocl’s test any relation to the
ossible dangerous properties of a water?  The answer must
Lu no: no more, hut probably less, than the amount of organic
matter has,  In the first place, the greater number of micro-
organisms known to us belong to Tarmless species 3 secondly,
experience shows that water when Ympcrly stored in houses or
on hoard ship does not acquire any harmful properties thereby,
although the number of its contained microphytes may have
incereased a hundred or even a thousand-fold ; thirdly, there is
good reason to believe that microphytes, like the higher animal
species, have to fight amongst themselves for the nourishment
they require for their continued existence. Ilence an enor-
mous multiplication of colonies may mean that the harmless
species, always in excess, have cntirely exterminated their
pathogenic confréres.  May this not be the explanation of the
very vemarkaDle fact that although the specific poisons of
enferic and other fevers are constantly passing into the Thames
but a few miles above the water companies” intakes,* yet no
evidence has ever been forthcoming of disease traced to the
?lmlity of the water supplied by any of the Thames companies
vom Thames Ditton or Moulsey? Evidently the specific
poisons do not multiply in Thames water; probably they are
forced out of existence in the struggle for life with the count-
less species of innocuons bacteria which abound in the Thames,
aided by the purifying influences of dilution and oxidation.
I'ailing to extract amy satisfaction from the number of
colonies, we may next inquire if Kocl's test gives any informa-
tion as to thie nature of the colonies, and if it enables us to
distinguish pathogenic from non-pathogenic forms. In ex-
amining a cultivation plate it is possible at once to distinguish

* Tho sewnge of Siaines passes untreated into the Thames 10 miles
shove Moulsey, (West Middlesex, Grand Junetion, Vauxhall, Lambeth and
Chelsea),
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386 WATER ANALYSIS,

certain moulds and fungus-growths, and also to diseriminate be-
tween the liquefying and non-liquefying centres—those, numely,
which in the course of their growth liquefy the gelatine and those
which do not. It has been assumed that where the number of
liquefying colonies is lavge in pmrurtinn to the whele number,
it is o sign of possible danger,  The assumption is groundless if
we are to believe, as Bischof and Klein tell us, that ]itlucf\'int_;
centres are due to the growth of motile bacilli—bacilli which
are always found in excess where oxygen is abundant, and
whicl are consequently more numerous in the fop strata of
water, which are exposed to the aiv, than in the deeper layers,
The motility of a bacillus is not necessarily evidence of discase-
producing properties.  Many of the colonies in a plate culti-
vation may be identified at once or by subsequent processes as
belonging to more or less common havmless species 3 but fhe
number of pathogenie species could not he ascertained, even if
they were all capable of growing in gelatine, heeause we do not
know yet as regards the diseases most often spread through
water, viz,, cholers, typhoid fever, diarrhan, dysentery, ague,
&e, how to identify the organisms which play the rdle of
specific virus, or carriers of specific virus, in these affections, It
is perhaps allowable to except cholera from this eategory, as the
mode of growth and other characteristics of Ioch’s comma
bacillus are now well known, and Koch himself has isolated the
bacillus from a water-tank in India. DBut cholera happily is
very rarely prevalent in this country; we may indeed almost
hope that cholera visitations are not likely to oceur again on an
extensive scale, so minute are the precautions taken to stamp
out the discase as soon as importu{. The fact then remains
that as regards the diseases most commonly spread through the
agency of drinking water—and in this lst might also be in-
Clll(lt‘l{ the common zymotic fevers in which a mode of pro-
pagation by water has not i’ct been disproved—the specific
organisms, which are belicved to stand in relation to them as
cause and effect, cannot be identificd by any method of bio-
logical cultivation as yet known, With the advance of know-
ledge such identification may become possible, but the Ixbour
of mvestigation in any case must be enormous. Every colony
not recognised at once by its naked-cye characters, must be
prepared afresh as a pure cultivation in test tubes of gelatine,
in blood serum, or on potatocs, until a place has been found for
it amongst one of the numberless species known to the micro-
biologist ; and, failing this identification, inoculation into the
lower animals must be practised, to determine if possible its
effect on the animal bo&y. Even inoculation experiments on
the lower animals are misleading, for many specific diseases to

LOUIS PALKES, 387

which man is liable are not represented by any corresponding
affection in the lower animals, and wvice versa many specific
febrile disorders of the lower animals are not transmissible to
man,  The difficultics in the way of the proper development of
the biological cultivation tests for water are immense ; they are
certaindy not insuperable; for it must be remembered that we
ave at present only on the {hreshold of this particular branch
of knowledge, In the meantime whilst the pursuit of such
methods should be persisted in for the sake of the advancement
of knowledge, it must be acknowledged that they afford very
little help to the water-analyst in cnnﬁling him to form a sound
judgment on the wholesomeness or otherwise of a water sub-
mitied to him for examination,

There is one other method of examination that should always
be practised whenever it is possible.  This may be called the
“sanitary survey of the source of the water.,” It is not suffi-
cient. for the analyst to be told that the sample of water sub-
mitted fo him was taken from a deep or shallow well, from a
cistern, or from a water pipe.  Ie should make careful obser-
vations, in the case of a well, as to its depth, mode of steining,
the nature of the soil in which it is sunk, the distance from the
well of possible sources of pollution (eesspools, drains, and
sewers); and in the case of a shallow well he should try to
determine the divection of the flow of the underground water,
whether from possible sources of contamination to the well, or
in the opposite direction. If he is not satisfied as to the freedom
of the well from all suspicion of contamination at every period
of 1he year, he should insist on further analyses being made
during or after periods of heavy rainfall, or at such other times
as e thinks it likely pollution may occur, A physical examina-
tion of the source of the water, conducted as above, will
materially help the analyst to put a right interpretation on the
results of his analysis 3 and he will not then be liable to commit
the scrious crror of passing as wholesome a sample of water
which is taken from a source, pure perhaps at the time the
sample was taken, but threatened with a dangerous pollution, not
to be forescen except by actual inspection of all the surroundings,

When a sample of water is taken from a lLouse cistern, an
inspection of the place and manner in which the water is stored
1s most urgent. If the overflow pipe of the cistern is commected
directly with the soil drains, it is possible to imagine that the
water thus stored, whilst not giving sufficient evidence of
sewage contamination to warrant its condemmation by the
chemist, may yet be most potent for mischief, for it may be
Speciﬁc:llly contaminated with sewer or drain air infected by the
discharges and the bowel excretions of an enteric fever patient.
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388 WATER SUPPLY AND WATER ANALYSIS,

To sum up the conclusions to be derived from the arguments
adduced: Chemical analysis, aided by mieroscopic examina-
tion, is sufficient in the great majority of cases to determine the
amount of organic pollution of a water, and whether it is of
recent date.  In many enses the source of the pollution,
whether from sewage or vegetable matters chiefly, can also he
determined 3 but there is no possibility of aseertaining whether
the water thus polluted is actually potent for evil or whether it
may not be entirely harmless,  Chemical amalysis is powerless
to deal with those cases of infinitesimal pollution of a pure water
with infective material from the human body,  Cultivation {ests
are equally powerless fo cope with such cases. The only possible
way of ascerlaining the probable cfiects on the human sysfem
of ‘drinking such water, 1s for the operator to perform the ex-
periment on his own person—a conrse not likely to he pursued.
The cultivation tests, as now practised, add very little to the
yesults obtainable by chemical analysis,  Micro-biology must
undergo further development hefore grerme cultivation methods
can be expected to throw much light on water-pollutions,
Lastly, the sanitary survey of the source of the watery or its
mode of storage, should always be carried out whenever any
doubt exists as to the freedom of the water from all possible
sources of contamination,

[This discussion applies to the two preceding papers by Dr.
Percy F. FRANKLAND and Dr, Louls PARKEs.]

Dr. Anrrep Caxeester, (Croydon), whe opened the discus-
sion, said it would be very presumptuous on his part o criticise
any of the observations which had fallen from the expert chemists
who had nddressed them. 1le wished them therefore to look upon
him simply as an enquirer endeavouring to elicit some turther
information. 1le had heard with a great deal of satisfaction the
expressions of Professor Dupré, with regard 1o the chemical analysis
of water supply. 1le believed more confidently in chemical analysis
than did many chemists themselves; for he had yet to learn that any
water supply for a considerable distriet which had been pronounced
to be pure aud fit to drink by chemists, had ever given rise to an
epidemic of typhoid fever. The district of Caterham was alluded to
as giving some kind of support to the idea that the water might
be pronounced chemically pure, and yet contain the organisms which
might spread typhoid fever. Ile saw a good deal of that epidemie,
and he had an impression that if that water Lad been amalysed

DISCUSSION, 389

by Professor Dupré, for instance, on tho day on which it was
distributed, ho would not have hesitated to pronounce it unfit for
distribution.  There were civenmstances which were not detailed, and
which did not come to the knowledge of the enquirers who reported
wpon {hs ease, and as after it was examined by a local medical
man, he did not hesitate 1o say, * this water has something wrong
with it, it could not be trathfully argued, a3 it was constantly,
ghat tho Caterham case was an instance in which the chemist conld
not deteet the presence of diseaso germs, It was true that by putting
hall a pint of seeretion coming from a patient into a million gallons
of water, it was possible that o chiemist might not deteet it; but
ho had an idea that if that was done, and it was well mixed up
with the water, the condilion of that waler was such as to draw the
tooth of the poisonous matter and render it perfectly harmless, that
the germs would abort and would not fruetify, even if they retained
vitality, He believed that in the waters which Providence provided
us with, which were safe, there were measures by which those minute
dilutions were deprived of their disease-giving properties. That led
him to appear to be the critic of Dr. Irankland, That essayist was
speaking of micro-organisms as being themselves poisons, which were
the causes of the mischief, e (the speaker) suspected that Dr.
I'rankland hardly meant what his terms implied; he himself did not
consider that micro-organisms were themselves the poisons which had
produced the mischief, but they acted upon the organic matter which
wns in the polluted water; and out of that organjc matter they
produced the poison which aggregated in the constitution in which
the organism was lodged, until it might ultimately be suflicient to
destroy life; that was his idea of how the micro-organisms acted as
poisons. Just as Simon said five and twenty years ago, they were
the tests by which the presence of a poison was made manifest, and
he (Dr. Carpenter) had an idea, that when micro-organisms came
into contact with water which was comparatively pure, they wounld
abort, and even get completely destroyed; or if they did grow into
colonies, such as was shown by the gelatine test, in time they lost
their infectious eharacter and did not set up diseases, which at other
times they might produce. That might explain some difficulties
which had arisen in regard to the comme or cholera dacillus, Looking
at the question from this point of view, it was possible that they
might have a comma-bacillus, ab one time infective, and at another
non-infective. Il thought that was proved by Dr. Saunderson’s ex-
periments, in reference to peritonial inflammations; in the one case
the same material was harmless, and in another, by cultivation it be-
came o most virulent poison; whilst apparently it was the same thing.
Those were matters regarding which they conld not at present draw
any dogmmatic conclusions, because they were sub judice, and had to
be followed out much more seriously than they had hitherto been,
Ile thought they might congratulate the Metropolis on the presence
of those filtration areas which belonged to the Water Companies, and
which were of some service in depriving disease germs of their
infeetive character. The fact that there was at this moment poured
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390 WATER BUPPLY AND WATER ANALYSIS,

into the Thames the oxcreta of thousands, and tens of thonsands of
people; some of whom were labouring under typhoid and other
fevers, and that this water was punmped up and sapplied to the
Metropolis without serious extension of those fevers and other evils
consequent upon impure water, was certainly to his mind, due to the
filtration so caretully performed by the Water Companies. But he had
asort of idea that whilst the Water Companies by their filtration were
arresting the miero-organisms which existed, as active, living, moving
micro-organisms, and whilst they wero taking out a large portion
of the organic matter npon which thoso micro-organisms lived aud
propagated their kind, they were still allowing somo of those rest-
mg spores fo which Dr. Frankland had alluded, snd which corre-
sponded to tho resting spores of the allied tribe of Fungi, pass through
the meshes of their filters, and that one of these days when wo
do get o length of hot weather duving the months of July or
August, when the water in the mains suppliecd by the companies
rises in temperature above a ecrfain point and remains for a certain
length of fime above that point, say of G5 I, we should have theso
resting spores developing into living, moving, growing micro-organ-
isms, eapablo of feeding on the organic matter which had not been
arrested by the filter, and that there would be one of those scasons a
rapid and extensive growth of typhoid fever or other fevers in the
districts supplicd by the Metropolitan companies; and it was a
question therefore of the utmost importance, so far as London was
concerned, whether those towns above should be compelled to take their
sewage out of the river Thames altogether.  What he had deseribed
would arise one of these times and might possibly lead to panie, and
whenever panie did come, it was quite certain to lead to legislation
or action on the part of Loeal Authorities, which would be pre-
cipifate, and probably in the wrong direction, whilst its pecuniary
effect would be very serious to the ratepayer. Those micro-organisms
to which Dr. Frankland made such a startling reference, and which
were undoubtedly of the greatest importance, might he thought be
altered in their character by the presence or absence of an excess of
carbonic acid in the water in which they lived. They might
undoubtedly alter in their characler according to the fact, as to
whether that water were neutral, whether it were acid, or whether it
were alkaline. These three conditions would alter miero-organisms
in a very important degree, and then the fourth one of temperature
came in, and was of the highest importance. Those points required
to be sifted out: they wanted information as to the temperature at
which the examination was made; they wanied information as to the
chemieal character of the water; as to the presence or absence of car-
bonic acid in excess; as to the presence or absence of oxygen; as o the
presence or absence of nitrogen; and as to the acidity or alkalinity
of the water itself. Until those points were worked out, he did not
think they had all the information with regard to the action of micro-
organisms upon the water supply, that they would be able to obtain
when those points were followed out in the same careful way, as the
quantities of the micro-organisms had been studied by Dr, Franklaud.

'
- R
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Then the most important and exhaustive paper, so far as it went, of
Dr, Parkes, would commend itself to all young men; for he was
guite sure they would find in that paper a very large amount of
information which should ho committed to their memory, and shonld
be studied so that they would bo able to sce the divections analysis
might take in their own districts. In conclusion, he said he had
much greater confidence in chemists than they had themselves, and
than somo persons who were endeavouring to east suspicion upon
chemical analysis. 1o trusted chemical analysis, and he thought alt
Corporations shonld have their water supplies analysed frequently
during the year, They should have a local analysis of the water such
as Professor Dupré had referred to, and any departure from that
habitual state should be earefully enquired into by the Medical Oflicer
of Health and the analysing chemist.  Every Water Company ought to
have attached to its staff an analysing chemist who should be supplied
at irregular intervals with the water ordinarily distributed to the
people. This arrangement would afford a great protection to all
dependent upon a company or a Corporation for their water supply.

Mr. G, E. Dk Raxcr (Loundon) said that the instances where deep
well waters had been found to be potluted, were due to want of care
on the part of the engineers, who, in constructing the wells, had not
joinfed the eylinders or lining tubes, or made up the space in the back
with conercte, allowing pollution to run down to the water at its
soures of supply. Special care is requisite in sinking wells in for-
mations which are fissured and jointed, allowing the water to pass
through underground ehannels, whether vertical, or horizontal, without
filtering through the rock.

Mr., Prxprenuny thought that the method of water analysis which
had the greatest future before it, was that of the cstimation of the
wration of the water. e did not know what method Dr, Dupré
recommended, One he had had experience in, was that of the addition
of a diluted quantity of known value of sulphuric acid together with
a small quantity of sulphate of manganese, which had the remarkable
property of bringing about the union of the oxygen dissolved in the
water with the sulphurous acid to produce sulphuric acid. After the
liguid had been allowed to stand for a time, the residual sulphuric acid
was determined with iodine, The pure water from the same district
furnished the standard. As to mineral poisons in the water, he did
not know whether they knew that Dr. Odex had recently conducted
some experiments at Sheflield in regard to the water supply there,
some cases of lead poisoning having taken place. He found that
although in somo instances soft water seemed to have dissolved lead
and thus produced lead poisoning, in other apparently similar eases,
lead poisoning had not been produced. ‘Ihis latter effect he found to
be due to a small quantity of Silica dissolved in the water, and he
recommended this course (the solution of Silica in water) to be
always adopted with regard to every soft water.
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392 WATER SUPPLY AND WATERL ANALYSIS, DISCUSSION, 393 I AL |
) Rl Mr. I.. L. Macassey (Belfust) observed that in times past tho fm-'cnusn'tnplion which was not fit, qnd he nlso held that no case in ‘% ;f!i =
1 prevailing opinion had been, that filtration of water through sand which this had been done could he pointed out.  As to the Caterham e HUE T
‘ﬁ N made the waler brighter in appeavance, but without taking out wicro- case, he _mlght.pumt: out. that he had previously drawn attention to e iehbit J
: . ormanisms which might Do present in the unfiltered water.  Water- the fact in dealing with the report on that ease, that no analyses were 1] RUnE
% WEE works engineers had been told by the chemist that their sand filters made of the water supply at the time of the outbreak. el % RN
?f ! were pl‘n&ivull},‘ wseless, and this view hand been ::oln-alcd over and over ' ; i f;-’
i iy again in the scientifie papers of the day. Dr, 1 ranklund hnd thrown . Professor A, Dupnt, F.R.S. (London), said he had been greatly g 35 1 -
Ef 11 8 ¢ a most important light upon the subject by his recent experiments in interested in the two papers. e could confirm many of Dr. ey g“
{ ik Bacteriology,  1Hs fivst paper read last year before the lustitution of Frankland’s vesults by experiments of his own made by a different A il
: 1 Civil Engincers, bad attracted a good deal of {‘“‘"“'0"’,““'1 o method, the wration method.  Pure wrated water remained wrated Sl % :
i present communication supplvm_t-nlcd ”'f’ 1ufur|nat|m.1 thus given m a “-h(.". k_"l’t’ out ”.I .cm]fuclz \\_llh nir even f‘(,? 5010 time; but wﬂ‘ter i H!
S l { most important manner,  Fngincers might now fairly assumo that containing any living organisms decreased in its degree of wration ¥ i
RUHEHAEE cand filtration was really beneficial in redueing the number of’ micro- during keeping.  Now unfiltered Thames water greatly decreased in HigHHI 8
11144}, . organisms in drinking water, e had himselt in certain eases experi- its degree of wration during keeping, whereas the filtered Thames i 1
i E ] mented with finely erushed einders, in Part suhs.l itution for sand, and water as supplied to l.;o‘mlon rcl'n:nucd almost completely wrated. =“; ; :
1 EE had got. very good results, A layer of crushed cinders placed between Still there were great differences in some caces.  When Dr. Frank- I ti? e
] L two layers of sand made a most cllicient water filter. land applicd his test Lo the Kent water he found a very small number A i
i 3! of organisma; but when he (the speaker) applied bis test, he found R e R
il Mr. Ciantes E. Cassar, F.C.8. (London), was glad to hear Dr. that it diminished greatly in its degree of mration. lle was of ! 4
: i Frankland point out the mistake made by people, in supposing that opinion that further rescareh on the point Was necessary, for though e e
bacteriologists would be ablo to tell what waters would produce they now knew a great deal more than they did formerly, more still i it
H typhoid;; what would produce diphtherin s what diarchan, and so on, remained to be known, i
1L The joy that was felt by a numbur' of poop]e.\\'llo !md no love for . | i . i _
i chemists as sanatarians, when bacteriology attained its more recent Dr. Louis Parxrs (London) thought it would be very difficult ; ‘ ,:
i $il development, knew no bounds,  Indeed it was thought by some, that to set up local standards of purity for water supply, because they Hi. 1 B
T chemists were to bo done away with entirely ; that water analysis by knew that the quality of underground water would vary a good eI
g chemical means was a thing of the past; and that fees might go at deal according to the season of the year; and they might have }.’ ;_ h 5
: Inst to those who had not had te undergo a sm‘cl’c.clmmical training. a standard \\'l}lch w?uld vary u(ic‘ordmg.; to the season, and t!ccord— A R
; 1t had, however, been found that the bacteriological resulls simply ing to the kind of scason. Then it would vary naccording to EIHE E
- furnished an additional @ test,” and a test quite as uncertain as any the geology of different parts of a given district; they might o
N , chemieal fest, if not more so. 1o gathered from Dr, Frankland that have one half of a village standing on one kind of a gfe‘ologlcal for- a
Ly the only value of bacteriological methods in regard to water supply, mation, and the other on an entirely different one. The iden of a 1 i
raftg f was approval or non-approval of a water ac:cording to the numl))er of 1.0('.']]. standard of purity was of course an important one, but }t 11 .
j%; i colonies which he could obtain from it. The paper of Dr. Parkes required a great deal of working out.  With regard to Dr. I'rankland’s .
EE:; R threw out, as he thought in a very satisfactory way, the view which paper, he diflered from that gentleman as to the importance of 118
3; 158 oncht to be taken as to the value of wafer analysis for sanitary determining the pathogenic micro-organisms in water. It would be A1 .
1k pu?-poses. He had, however, not taken notice of the importance of a most important thing if they were to be able to point out in the 111
!l 1l drawing conclusions from & number of results ; there was a tendency future organisms whlch. they behevcd'were the cause of disease—if 101 .
ER 21 to draw conclusions from single results. Some people rode one hobby they could say “Ieroe is a water which contains a specific disease _ i1
Hina to death, and it appeared to be a great difficulty to the minds of others : organism, thcref‘ore.lb is _mlpure.’ It did not matter very much B I
g to deal with more than one figure at once. Some time ago an z}llnlyst | \vhel']xer that organism mlgl!t‘ be present on a future occasion, they i i al N
i 11 proposed the creation of a sort of scale of * marks ” to be given to i had it then and that was suflicient for them. Water was brought to HanlE
11 water according to the results yielded by various processes: appenr- them which was supposed to have Faused an epidemie. If they were il Hi B
S ance and colour, chlorides and nitrates, and so on, were to have numeri- able to say at onee, “ We know it has done so b,f:c.a_use we find the LTI
RS v cal values assigned to them, put down, added up, and the conclusion | organism in it, which is the cause of that disease;” if they could get N R
it ‘ drawn from magnitude of sum total at the end. ‘That proposition ,t? that, it would really solve the whole question, With regard to TS
: ' was extremely unscientifie, and his contention was that if analysts } Thawes water, it seemc(! to him that L'oudop depended to a very HE I 8
I : would cultivate the habit of drawing conclusions from a number of ; greab d(‘gl’?e upon the L’f}‘.@le“c)f of sand filtration. = According to Dr. 3 "1 B
5 g yesults, they would never go far wrong, 1leheld it to be most unllkelly : ]Jl‘il]}]i]{lll(l s l'escm'cl!es, il the hltr.'_ltlon was carm(;d out pl'o_pel'ly they L ! ‘i
gild i ; that a chemist who knew and did his duty, would pass a water as fit obtained a proportionate reduction of the micro-organisms; bub AR
i
kL
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supposing an epidemic of cholera or typhoid were to afiect tho towns
on the upper reaches of the Thames, and supposing that jn any caco
the filtration should fail in any degree, it was possible that the discaso
germs might pass into the mains of tho London companies anl o
cause disvase,  That seemed to him the great danger of trusting to
an artificial system of filtration,

Perey Fraxkraxny, PhD,, 1LCS, (London), reiterated what ho
had said about the value of detecting specific germs,  Ho could not
admit the greal importance of knowing whether this or that waler
comtained disense ovganisms,  What they wanted {o know was whe-
ther any given water might, under ordinary circimstanees, becomo
contaminated with sewage, quito irrespectively of whether the sewago
was dangerous or not at any particular time, for it might be danger-
ous at one time and not at another, Jt was quito conceivable that
water which had occasioned au cepidemie might be found not to
contain any dangerous organisms i it, for it was obvious that the
organisims might have disappeared since the epidemic was oceasioned.
With regard to filtration, he was not there as an advocate of tho
methods adopted by the London Water Companies; he was simply
there to say what the results of his experiments had been, and ho
told them that the reduction in the number of organisms was very
much greater than might have been expected.  Still it was perfeetly
obvious that it did not prevent the possibility of organisms passing
through those filters, althongh they did not pass through in anything
like the number that people would probably have imagined. As to
what Professor Dupré had said about the Kent Company’s water,
the results of his experiments shewed that the water issuing from
the water-bearing stratum was exceedingly pure as regarded micro-
organisms; but after it had been stored for a few days the number
increased with far greater rapidity than anything he had noticed in
unfiltered river water, When the Kent water had been kept for
gome length of time, although multiplication had taken place, they
could distinguish between such a sample and a sample of unfiltered
river water, by the fact that the number of different vavicties of mi-
crobes in the unfiltered water was very much greater {han was the
case in stored deep well water. In the latter case they found they
had an almost pure cultivation of one, two, or three organisms, whilst
in the ease of river water they had not only a large absolute number,
but a large variety of organisms. 1t appeared to him that this phe-
nomenon was explained by the fact that in the river water those
different. varieties acted as n check one upon the other and so impeded
multiplication ; whilst in the case of the deep well water, each variely
had a freer field. Ile did not wish the impression to be earried away
that any opinion could be formed of the purity of the water from
the number of micro-organisms found in it. 1le had never himself
undertaken to determine the number of micro-organisms in water
brought in an indiscriminate way. Such a determination he held to be
absolutely valueless, because when the water was collected indiserimi-
nafely the result would bear no sort of relationship with the result
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which would have heen obiained if the water had been taken direct
from the water-bearing stratum.  le wished to add that as regarded
purification by filtration, it seemed fo him that this biological test
was of far greater importance than any chiemical test, beeause every-
ong would admit that what they desived to remove in filtration were
the micro-organisms of various kinds, and by relying solely on chemi-
cal annlysis very erroncous conclusions had heen arrived at as to the
vilue of corfuin filters,  There were filters which produced a remark-
able change chemieally and yet had little or no effect in removing
bucteria, whilst there were other filters which produced absolutely
no cfleet chemieally, and yet biologically were so efficient that they
removed all micro-organisms from any liquid passed through them,
As to the use of cinders, he had no doubt they made a very eflicient
mechanical filter, Powdered coke was also a valuable filier, as he
had previously pointed out,

On “The Adir of DBuildings and Sewers,” by J. S, IIALDANE.

Tne subject of my communication is apparently such a wide
one, that I fear you may consider that any discussion of it here
within reasonable limits cannot fail to be unprofitable. My
intention, however, is not to attempt to treat the subject with
anything approaching to fulness, but mainly to bring under
your nofice the results of some cxl)el'illlclft:ll researches on
vitinted air, recently conducted by IProfessor Carnelley, of
Dundee, and myself,* and to initiate a discussion by the mem-
bers of the Congress on the conclusions to be drawn from these
expernnents,

. The first series of observations refers to the air of buildings.
The fact that an enormously increased morfality prevails
amongst persons who spend much of their time crowded
together in ill-ventilated rooms is universally admitted. It is
therefore unnecessary that I should recapitulate here any of the
evidence we possess on this subject, or of that which more
dircctly connects an increased mortality with vitiated air.

* The details of most of the experiments referred to here, will be found in
A paper by, Prof, Carnelley, Dr, Anderson, and myself, in the Philosophical
Transactions of the Royal Society, Vol, 178 {1857}, B, and in a further paper
by 1‘1'0'1'. Carnelley and myself, which appeared in the Proceedings of the
Royal Society for June 12th, 1887, The results of the experiments in the
Bristol sewers are communicated here for the first time,
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396 THE AIR OF BUILDINGS AND SEWERS,

One of the first requisites for success in tho endeavour to
procure pure air is a knowledge of the nature and amount of
fhe varvious impurities present in vitinted air, and the sourees
from which they arise,  Iitherto our kuowledge of the nmounts
of these impurites has related alnost entively to the carbonie
acid and moisture,  Carbonic acid is ensy to estimate in airy
and its amount is vightly assumed to be o pretly gootd index of
the impurities diveetly communicnted to air by vespivation, It
is, however, highly improbable that sarbonie acid itself has any
appreciable influence on health in the proportions in which it 1s
(m\inurily present in vitiated aiv, Aud on the other hand it is
a mere assumption, and as we shall see an unjustificd assumption,
that the carbonie acid is anylhing like a certain measure of the
impuritics which are dircetly or indivectly communicated by
Juunan beings to air in other ways than by respiration.

Of the other impurities of vitiated air perhaps most interest
attaches in view of recent advances in pathology to the micro-
organisms, and especially to the bacteria. It has lately become
possible to estimate the latter with relative ease and accuraey,
thanks to methods of rescarch introduced by Professor Kocls
and Dr. Ilesse, There are still other impurities, some of
which we can deteet by the sense of smell. \{'c know little as
to their chemical composition, and if possible less as fo their
hygienic significance.  They may be roughly set down ag
“organic matter.”  They indicate their presence by several
chemical reactions, one of these being the bleaching of solutions
of permanganate of potash.  For the purposes of our research
Dr. Carnelley introduced a process (lepcm\cnt on this reaction,
by which the relative amounts of the bleaching action in
different specimens of air could be rapidly estimated.  (Car-
nelley and Mackie, Proc. Roy, Soc,, Vol. 41, page 238).

Our observations on the air of buildings, relate chicfly to
dwellings and schools in Dundee.  The main part of our work
consisted in making a large number of simultancous estimations
of carbonic acid, “organic matter,” and micro-organisms; but
we endeavoured in addition fo throw what light we could on
the sources of each constituent.

Tne AR OF DWELLINGS,

The analyses of the air of dwellings were made during the
night, between the hours of one and five in the morning, as we
considered that at this time the air would contain about an
average amount of the impurities existing in the air during the
presence of the inhabitants.  We examined the air in slecping
rooms of 18 of the better class of houses in Dundee, in 13 two-

P
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roomed, and in 29 one-roomed dwellings, The results were as
follows :—

Haouses of four

Two-rouned higuses, roums & upwards
1) *

One-roomed houses,

. 1

g o o A g 3 o g é : o [
Elel & | elc|e| & e |S E|f]¢
3 s £ || Bl = 2| E|E|E
gl B 2 |s|3|E|4|s(3|8]|<
Z v "

I'ersons per house
(‘mrruuminlnst
clnss) veveenenrn 129 2| 10| ©6113| 4| 10| 68)18| 1| I 13

Space per person [201104F 528 212|13 148 305| 24918391 420051833

Temperature(°F)|21| 43| 61| 65| Of G0 b| 535|13| 42 64 545

Carbonieacid...... | 20| 6:3] 321 102|112 71 | 192} 99 (18] 45117 77

Organic matter... [201 78| 38:1| 167]11] &0 302} 10-1 118 11 120] 46
Total micro- '
organisms:— |28| 6:012400| 60-0|13] 8:0(1280| 46:0}18] 0:5/22:0| 90
Bacteria ...... 19] ¢0[1200| 68:0(11] G-0O|118°0| 483:0| 16| 05 |16°0; 85
Moulds ......[19] 0 50| 12(1110 | 100 22{16|0 | 10, 04

On each night similar analyses of outside air in the streets
were also made for purposes of comparison, If we subtract the
amounts found in the air outside from the above quantities,
and take the corrected averages for the air of the better class
of dwellings as unity, we obtain the following table :—

Moo | T | Ofproones
Cubic space per person ........ 1 013 011
Carbonie acid ...vvvvvvvnnnnn, 1 15 20
Organic matter ........0000.. 1 1:6 4-4
Micro-organisms (total) ...... 1 51 67
B 1 1 51 69
Moulds ...vvvvvnnrenennns 1 55 30

These tables show clearly the enormous differences in the
purity of the air of different classes of dwellings.

Dr., Anderson, Medical Officer of Health for Dundee, with
whom we were associated in our work, and who originally
suggested it, obtained by special arrangements with the regis-
trars materials which made it possible to construct a table of
the mortality statistics of Dundee for 1884, mranged in a
sumilar manner,
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398 THE AIR OF BUILDINGS AND SBEWERS,
Per 1,000 living,
S Houxea.
ST |
“T|EEE B BB |NiEs
al o ) - |4 e
£ General Aeath-Tato covvveenrvenennn 8119|207 [ 123 [17:2 188 214 | 200
2 | Death-rate of children undor b
£ vears of 8g0 vovvenns s 147] 00 33| &8 08 11231103
& { Ditto of all abovo & years of age) 1772 [11°7 | 00 11+ f 00 1 011 | 125
g Ditto of all above 20 w0 O B280|TI8G 08
A& | Ditto of all above 70 . Dol 1o et 2 i) 1
| Dittoof allabove 80 ,, .| 78| 0D | 06d 077 080 020 041
= (Of a1l who died.evirresrenens veene| 3110 245 [ 40°0 !3!)'(‘» 2143 [200 | 2130
€ | Of all who died above 70 yeara...| 205|763 P76 772 |56 700 1 560
3 | Of all who died above 207 ,, ..|1410[53:6 [577 b1 516 |18 | b2l
€ ] Of all who died below 20, .| 1G19f 25| 45| 44 | 22| 18 | 23
£ 1 Of all who died above & ,, ..J17i2 452 16147 455 (130 (182 | 441
& { Of all who died below b5 ,, ...j1306| 't} 14|12, 10 OO 10
£ 1 Of all who died betweon b and
g | 20 YOAr3 sovvarursariarn e reanenns 313 021117 il‘.!'ﬂ 83170] 83
7 1vi
(Deaths from uuder-mentioned P'er 10,000 living.
€auses i—
a fDinrrhea .ooiviieenn seenerarires 2531169 | 61 [15°3 J17°4 [2G+4 | 202
.8 Measlesd covccnnniiinneninne, o4 63| 13|36 |T0[OL}| TO
5 Convulsions ....uv.eveeiiriienes 78 621 17123165 |67} G0
< Accidents (including over- :
S1TA{ 18¥INE) evervenresraeneere 03] 62| 171834 140 | 83
g Premature birth and debility
= during first days of life ...} 177|11'8 | 30 | 6:3 {134 [170 | 14'8
o Acute bronchitis & broncho-
8 POEUMONIA. . eeetrierrrsiasanne 2241149t 78| 95 |134 267 | 176
B  (Chronic bronchitis ..o 169106 | &3 | 05 { 81 165 | 118
to Croupous paeumonin ... 15511083 | 35 ] 66 {127 | 06| 12D
2 B 4 Meningitis...evisereeerereneaerans 122{ 81| 57|68 (BG|G7| 890
=4 Hooping-cough  ...oovevannnaes 90| 65| 09|68 | 83|63 | T8
8 TUDIOUTS  vevviieeniisassnussanane 42 22136 41|31 6T
3 Heart (valvular) disease...... 169(106 | 91 |95 | 84 | 94| 1111
g Phthisis cocossriirinnrninssnrenn. 369|246 1130 [276 |24 (146 | 20+
2 Apoplexy, thrombosis, & em-
R | ¢ { bolism of vessels of brain.} 160{10:7 117:4 | 5D | GO | 70 | 10:2
Diphtheria and eroup......... 031 621 70 |41 {690 |31 Gb
S T 1) [ T - 1501100 ] 87 127 | 65D | 7D | 97

I have not time to say anything further here with regard to
this table, but I think it has many points of interest of its own
quite apart from our experimental results. It shows that not
only is the mean age at death on the whole about twice as long
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in the best as in the worst houses, but that at all periods of life
up to old age those who live in the better houses have the
u&\'autngo.

The fact that the increase in death-rate runs parallel with
the inerease in air-pollution does not prove that the former is
the cause of the latter. But we may argue from other evidence,
such ns that so ably presented by De Ransome in his lecture
lust night, that the ]mllutiun of the air is one very potent cause,
and probably the chief cause, of the inereased mortality.

Tne Am or ScHoors.

We examined during winter at least two rooms in each of the
Board schools and several denominational and private schools in
D‘llll(lct‘, hesides sss\'uml ]ccturc-romng in I.Jni\'crsity College.
The rooms examined may he classified in the first place
according to the means of ventilation, as this was found to
make an enormous difference in the results, A certain pro-
portion were ventilated by ordinary means, such as fires, open
windows, and ventilators in the roof. The rest were ventilated
mechanically by blowing air by means of fans over hot pipes,
and thence into the several rooms by means of shafts. The
following table gives the results obtained with the two kinds of
ventilation :—

Schoola,
Naturally ventilated, Mechanically ventilated,

g £ 3 g & s | ¢ |8
G o & 3 g
s|E| S| E| 5 |E|2|s
st ¥ = < < H =
“ P
Per cont. of windows open.| ... | ... 22 3
Qo. present, including staff,] 30 | 27 | 191 93 | 64 2 | 170 120
SPAce Per Person.........e.. 30| 66 ] 427 | 168 (1G4 119 [ 228 |20
Temperature (°Fahr.)} ...... 36 |44 | 65 | 056Gl 62 b8 | 69 |18
Carbonic acid ...oeevvivennneen 3 797 3718| 186) 123 70 196120
Orgnnic_mutter ............... o8 | b0} 403 16-2| 101 34| 19020
Total micro-organisms:—...| 35 | 8 | 600 |[152 | 1668 O | 58 [18
Bueteritiiereeinn.. 231 8 | GO0 | 151 16:0 0 b6 |18
Moulds .ooevirrrieninrinnnn. 281 0 4 I'l| 058 0 2 |18

Or above outside air:—
Temperature (°Fahn.)...... 251 3 | 84 | 108| 24 22 1 26 |3
Carbonic acid ......cevvevene 30| 44} 343| 151| 89 35| 16120
Organic matter ,..ee.f 38| 0 | 3144 78| 11 0 53 20
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400 THE AIR OF BUILDINGS AND SEWERS,

Or, if we take as units the average cubic_space, the average
excess over outside air of temperature, of ('n|°|m|.n(:"u{'u|, tl:f
organic matfer, and of micro-organising, in 1ne(-hmilf-u' :\ t"i 1; .1-1
Jated schools, the comparative results for naturally ventilated

schools may be expressed as in the following table:—

.‘-l(-('lmuivnllyl Notwally
vemtilated, ventilated,
Cubic spaco Per Person o.eseersvveanss 1 3):10
‘Pemperature in excess of outsido air ... } ]'.‘:
Carbonice acid " " Ceeaas ] .
Organic matter 4 " Cerees 1 "
Micro-organisms " cereas 2
i 1 (el
Bacteria " " R ] oo
Moulds ” " Cheaee 2

We have not included in the above table the Dundee Iigh
School, nor the only private school we have exunined, nls in
these two cases the cubic space per person wis about. t wee
times as great as in the other schools, T'he results for these
two schools were as follows—It will be seen that practi ally
they confirm the conclusions drawn from the results in other
schools, though the cffects of mechanical ventilation are not

nearly so marked :(—

3 Dundeo Iligh School
Prh?(‘l?r?sc)h cel . 1(;{1‘.0;'2 :mﬁ Elirls)
Naturally ventifated, Mechanically ventilated,

Evl . |2l e il e | ¢ ¢ |52

B2 8 | B | g | €| B | & |&%

IR AR RN

'2' ¥ (=] =] < g8

G4 6

vumbers present e B G 11 t a6 '13 : >

Is\ll:ance perpperson e 8| 320 [ 528 48; rh?? Jé(l) i ll:;.(..’)‘5 ((;

I y (°F) .. 3 b6 b7 b D _

?ﬂ%ﬁ:ﬂtﬁlg&() 3 107] 1331 119 1307 85 1('::4 G

Organic matter.........| 3 62| 118 5y .}{l 17 1[; G g
Total micro-organismsl 3 4 15 03 36| 1

We now come to some of the most unexpeeted and interesting
of our results. Wishing to test more thoroughly the results of
mechanical ventilation, we made a munber of C()ll]]):.ll':ltl\'c
experiments on different days in the same room. The circum-
stances were as nearly as possible the sane, exceph that on some
days the mechanical ventilation wus in operation, and on other
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days not, open windows, &e., heing used imstead, We found,
to o surprise, that whereas the earbonie acid present in the
nir was increased from 12:6 to 186 volumes with the mecha-
nical ventilation not in operation, the average number of micro-
organisms remained almost. exactly the same. Ioven when the
mechanical ventilation was kept off for a week this had no
distinet effeet in inereasing the number of micro-organisms,
These anomalous vesults did not lead vs to doubt the cffeets of

. mechanieal ventilation in diminishing the number of micro-

organisms in air, as we found the number very small even in
rooms where every other condition exeept the ventilation secemed
{o favour a large number,  We were, therefore, forced to con-
clude that while the veniilation at the time is the decisive factor
in influencing the amount of the gascons impurities, it is, other
things being equal, the habitual state of the ventilation which
influences the micro-organisms,  This led us to inquire into a
number of points regarding the sources of the micro-organisms,

It had previously been proved by Tyndall and others, that
physical disturbances of any kind, such as those caused hy the
presence of human heings, have a great effect in disseminating
micro-organisms in airy and that air left perfectly still gradually
deposits its micro-organisms.  We naturally, at first, expected
that varying amounts of physical disturhance would very much
obscure other differences. It turned out, however, that this is
not the case.  Although the influence of difference in physical
disturbance is well marked, under ordinary circumstances other
influences have a much greater effect, as we shall see.

That the micro-organisins do not come from the breath, but
are on the contrary filtered off by respiration, we showed by
means of some experiments, the details of which need not be
described here (see hil. Trans., vol. 178, B, page 92). That
they do not. come in any large number directly from the clothes
or skin of the persons present in a room was shown by a number
of observations made in the two chemical lecture rooms.  Even
during a course of crowded popular lectures there was found to
be an average of only four micro-organisms per litre, as comn-
pared with an average of about three when the room had
remained empty. Nor did the number rise beyond six per litre
when the room was left unventilated during the lecture, and the
carbonie acid rose to nearly 40 volumes per 10,000. This observa-
tion alone shows strikingly, I think, that the carbouie acid is no
measure of the number of micro-organisms in the air of a room.

The micro-organisms thus do not come to any large extent
from the bodies of the persons present at the time. Nor do
they come from the outside air, which is comparatively free
from micro-organisins during winter, as shown both by our own
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402 TIE AIR OF BUILDINGS AND SEWERS,

experiments and by the more recent and systematic ones of
Dr, Perey I'rankland,  We must thercefore conclude that they
come from the floor and other parts of the room itself. If thas
is really so, the state of u voom as regards cleanliness ('H:l'!il to
have an effect on the number of micro-organising, Phis we
found to be actually the case, as shown in the following clussi-

fication of both schools and houses :—

| § LR g, | tee | bafl

SR IR ITER AN

e [ EEE| EEY L £hE |25

L8 Ll A N

Cleat voveiiiiieneed 1 205 ] g0 11 |18

Dirly v 7 200 |00 IR 41

One-roomed houses 4 ey "IN 1| 220 L 07 D aan |4
Very dirty cooveenenn 6| 220 | 110 1 1500 | 03

o [Yery cletnd 2| 07 | 122 108 | 1o
Two-roomed houses { Clean ...t 4| 20 w3 o 7T 2
Dirty ceevvvvvnieeenl T 233 | 04 1212 | 60

i - eortitego [CEANEE v 12| 167 {007 181 | 00
hnt"m,":" \elnhllated Averago clcnnlincsk! 127 166 [ 142 0 162 [ 125
Board schools | Jyirtior vvvmvvnnn 12| 101 | 225 | 152 | 108
Mechanically venti- ('lonnest...............i 7101 ] 125 {127 4
Inted schools and{ Clean .................. 11| 155 | 12:8 i b:‘ !h
eollege less clenn oe.eee, Codr a8 T 3

We next classified the schools according 1o age, and obtained
the following results :—

Micro-organizms

No. of cases, per litre,

Opened before 1866 .......... 7 311
w 18751880 .......... 20 150
» 1884—1885 .......... 5 38

This was not at all what we expected to find, One would
rather have anticipated that the micro-organisms, like the
ordinary dust particles in a room, would very soon reach =
maximum, depending on how often the room was cleaned.  But.
the canses under the action of which a room becomes infested
with micro-organisms are evidently no merely temporary onces,
but have a gradually cumulative action,  Further investigations
on this point are now being carried out by Professor Carnelley
at Dundee.
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At the fime when the results of our analysis led us to this
important resulty we were unaware of a very interesting research
made recently by Dr, KEmmerich of Leipzig; T think the results
he obtained may throw a great deal of light on this cumulative
infeetion: of the air by micro-organisms. At any rate his
researelt was suel an important one, that I need not apologise
for shortly referring to i,

He made alarge number of analyses of the damping material
used for filling up the s‘mcc between the ceiling of one flat,
and the floor of the flat above, Ile found an almost incredible
pollution of this material. His analyses show that, to use his
own words, “there exists nowhere in nature, not even in the
neighbourhood of human dwellings, a soil so highly contaminated
with nitrogenous organic substances and their decomposition
products as the damping material under the floor of dwelling
rooms.,”  The amount of chloride of sodium found in this
maferial was o an average seven times greater than that
found in the ground under leaky cesspools, and twelve times
greater than that in the soil round a dung hilly although this
soil was visibly souked with filth,  When the coarse picces of
stone were separated from this material, it was found that the
finer dust and sand which was left, contained even more
nitrogenous matfer than human excrement. “In the damping
malerial of a single room, there was usually more excremental
matter present than in a large cesspool.”  That all this filth is
alive with micro-organisms, is shown by the amount of the
)u'oducts of decomposition which result from their activity.
Thus under the floor of one single room Enunerich found that
there were more than 6 ewt, of nitric acid in the form of
nitrates. Ilealsoshowed that the carbonic acid in the air of rooms
Ieft shut up and empty increased, although all other known
sourees of carbonie acid, such as sub-soil air, &e., were excluded.
The chief cause of this contamination was undoubtedly the
sonking of fluids and shaking of dust through the fissures and
spaces between the boards in the floor.  Often, however, the
rubbish which was used as damping material was contaminated
from the beginning, having heen taken from old houses, or
rubbish heaps, such apparently as many houses in this country
are built npon,

Emmericl’s paper is such a remarkable one, and contains so
many points of inferest, that one is surprised at not having hear
something of it in this country, 1t is well worth the eareful
atlention of everyone interested in questions of public health.
There seems no reason to doubt that a very similar state of
pollution exists in the damping material of English houses, A
few days ago I obtained a specimen of this material from an
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404 THE AIR OF BUILDINGS AND SEWERS,

old house in Edinburgl.  One could see at a glance that it was
highly polluted with organic matter, and the part which past
through a coarse meshed wire sieve was found to lose about a
third of its dry weight on ignition, giving ofl at the sane time
a most offensive smell. T am told by My, Krunear, of the
Dundee Sanitary Department, that houses are sometimes made
uninhabitable merely by the smell of this materialy, which in
these cases has to be removed,

Emmerich followed up this research by another no less
interesting one in connection with the same subject. In a
prison at Amberg there had persistently oceurved for years
epidemics of croupous pncumonia.  The last of these had
attacked every seventh, and killed every twentieth prisoner,
As is well known, the late Dy, Friedlinder of Berlin discovered
the presence in cases of croupous pnenmonia of a species of
bacterium, cultivations of which, when inhaled hy, or ineculated
into certain animals, produces a similar disease in them.  Fhere
can thus be little doubt as to the causal conneetion between this
organism and the disease, or at auy rate certain forms of it,
Emmerich examined the damping material from the infeeted
rooms in the Amberg prison.  He not only found this material
full of organic matter as usual, but actually discovered I'vied-
liinder’s bacterium in enormouns numbers,

To return to our own researches, it seems very likely that the
progressive contamination of the material in the floors, and
perhaps elsewhere about the room, may be connected with the
progressive contamination of the air with micro-organisms.
Emmerich’s researches throw a vivid light ‘on the mamner in
which this progressive contamination may affect the health of
the inhabitants. A glance at onr table of statistics will show
how the mortality from croupous pneumonia, for instance,
increases from 3+5 per thousand in the hetter houses to 66
in the threc-roomed, and 125 in the one and two-roomed,
Probably the mortality would be even larger in the latier class
were it not for the influence of hospital treatment, which is
very frequently taken advantage of in eases of croupous pneu-
monia, and is of great henefit,

In what manner esactly meehanical ventilation reduces the
number of micro-organisms in the air seems still rather obscure.
The explanation may perhaps lic in the more cflicient sweeping
out with the air of the particles of suspended organic matter
which would otherwise have formed a pabulum for the growth
of micro-organisms. Or perhaps the growth of the latter may
be preventeg by the greater dryness of the rooms mechanicaily
ventilated.

Let me refer to one or two further points before leaving the
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subject of school ventilation. We classified the schools according
to the eubie space per child at the time of owr visit, It will be
seen that inereased cubic space up to 300 cubic feet brought
with it no diminution in the pollution of the air, With mechani-
cal ventilation, on the other hand, there was a diminution, at
any rate in the number of micro-organisms, with increase of
cubie space,

Nuturally ventilated, Mechanleally ventilated,

Culle rpace per - . = o s 2 o g
person, cE g-si- = :::p ':;_e' éﬁ;‘: S z £ "E;J: 'E é g
& o& & S Sa 2

Cuble fect,

H0—100 .,....| G 215 | 162 {119

100—150 ..., | 185 ] 196 {128 7 | 140 78 | 23
150—=200 ......] & 189 | 123 {150 8 ) 114 96| 14
200250 ... .| 9| 21'1 | 168 [188| 5| 118 | 12:3 | 10
250--300 ......] 4 171 95 | 187

300 and upwards.| 4% 151 | 11'8 | 12} 6| 130} 37| 2

~ We also divided the naturally ventilated schools we examined
Into two classes, according as they were heated and ventilated b

fires or by hot pipes respectively: and we obtained the following
results,  The data for mechanically-ventilated schools are
added for comparison ;~- ‘

No. of T

_— Q0. hon ; otal

Deseription of School, rooms Cﬂllf?]“'c Organie | oo
examined,| "¢ matter. | o eanisme,

Ventilated  mechanieally,
ﬂ;ld heated by hot air
own into the roons ., 20 12-3 10-1 16
Ileated by fires, and venti- °
lated in  the ordinary
way .. .o 18 169 157 1650

eated by hat pipes in the
room itself, and venti-
lated by windows, ven-
tilators in the room, and
in some cases by a few
small Tonin'’s tubes .. 21 20-0 165 92:0

* Threo of these were in a Private School,
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At
] The following table shows the result of a comparison of a different f"““‘“r “"‘I. places.  The average 10-"’“]t5 obtained at Hil
) number of pairs of rooms, Lhe rooms in cach pair were as 1hndee and Westminster are shown in the following table:— Hhi
4 stimilar as possible in every respeet (such as age of childven, e . Bt
: &e) except that one was occupied by givls and the other by TorAL. In excess of ontsido air at time. L E
boys :— TG SETR - = 5] F sl
‘ = g .28 2| &g 8 L 15E 3| 42 THEHLI
T ! . . e 5| ZE oe- .S 8% S HEH R
sys e T i ongie | i WRE SRR T i
person, (g,' l-‘uhr.) ncid, nmntter,  organismg, ¥ |25% |FEEZ] B4 w523 CEEE <5 : TN
' | £yt |iids| g PEIEH IS HHIR
- - - T Elat N b . =3 _E Rl i =l S & R E i1
TR E R |2 A e R il
No. of rooms com- - < | v N L= B ; Akl
pared .. .. | 40 20 20 16 40 skl
April 19th to May 1
] = - 1ith, 18806, I
—. - - ) . nie . " . r .00 . . N HEIG IR
Boys .. .. | 275 GO 15:0 79 02 L“ R S R L O 891 5ac| 88 49 4 —7 il
: Girl 4§82 53 12+ G 45 utsicle air at sanie . i
L s oL | 882 b 2 7 i T SO 0 | s1 | 22 o || . | i
- i
m . . . . AR EY A ]
general result of our investigations has ink, revealed . . .
q{]:e ﬁllﬁ:fflltltz‘;snilnt ;th(())l(:; ll‘l“‘(‘qlll,i.ltil Illlli::tlr ’fllll”i'llllﬂl\l’(n(]:]( nt If we compare these results with those obtained in schools g
‘ thools urgently ¢ y . ‘1 * oo . y
TR ;11\] ' Ll Lount (fsh of Iiﬁfc, mul ]':L Hih 1o snltin-rl from {he and dwellings, an astonishing difference appearsin favour of the el
: : .0 HE 0 g " ¥ r L . . 4
: , \itliefdll state of qilsis ‘0 all vrobabilits u: o Cantain sewers,  This is brought ont more clearly in the following LIt
: itiated state of air i all probability enormous, apts . . e o1 2L
A D 1‘11cr‘i'(19 G‘ (lvton dealt \\iil‘ tl!i cubicet i s admi ||r|tl, " table, in which the average quantity in excess of outside air of [
4 ) [1% H M ] 5 8 e §i K ' = N s [ ] .
{ oug ! ‘ W s Subj . . each constituent in sewer air is taken as unity :— gl
ELILE angural address at the Newcastle Congress of this Institute. v 1
; L Let me only recall one of the facts mentioned by him: that el !
i E the mortality among teachers in elementary schools was found Cﬂrb_?llllc Oriztilll’;c Micro- . HIH Nt
: ", TS M - . 1d, ma . 1'ranismns, Af 1
= : to be about 20 per 1000, as compared with 3 ‘lcl‘ 1000 in fwo ac oo e [)
; 3 classes where the average age was presumably about the same— Sowers L 1 1 ' LS
ii § ' the police and navy—and 3 per 1000 amongst prisoners, : one-roomed 17 13 N N
g I We can afford to provide abundance of fresh airfor erininals, Houses d two-roomed . . . . .... 14 045 5 bl
fHHATE] and surely we might do as much for our children. It is not four rooms & upwards 09 03 2 fith]
: only abundance of ventilation that is required for keeping the Schools naturally ventilated . 4+0 10 172 1
i air of rooms pure, but the room itself must be prevented from DEIOOIS A\ mechanically  ,, . 23 02 2w _;
becoming contaminated with dirt.  For this both personal HIE
cleanliness is required, and the means of keeping the room 1tIsel|f Evidently in some respects sewer air is one of the most free il
and ¢y elﬂ' thing underneath and "b"]“_t it absolutely clean. ‘]O from micro-organisms anywhere in a town, It is in this respeet HE L
not doubt that engincers and architects can devise not only twice as pure as outside air, in summer at any rate. This result s
5 satisfactery and suflicient methods of ventilating and warming may perhaps come as a surprise to many people, but is in reality ]
i schiools, 1.)11t1a150 floors .“']“L'h will be incapable of becoming not in the least surprising. Professor Niigeli of Munich showed
polluted in the manner just referred to, some years ago that micro-organisms, like other particulate ;
- matter, ave not given off from moist surfaces. As everything e
i : Tue AIrR or SEWERS. inside a sewer is moist we should therefore not expeet micro- AL T
e AT L
z . : e
8 ; il 3 3 av H CI *IC » v . . o ! bt
i_ ']?h.e ‘lll't]} ses we have made of sewer ";l refer C]lr"‘ﬂ-‘ l’[() * In this ease we have represented the relation of the number for sewer Sl
J sewers at Dundee and at Westminster Palace.  We used air to that for air in four-roomed houses by «x, as the calculated number for 1 BEN T B ES
| exactly the same methods as had been used for houses. Al- sewer air is negative, The real value of 2 must be between §=1'3, and iR %‘ :
together we examined thirty-two specimens of sewer air at 1o finity. R
i :
LIPS :
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organisms to be given off.  That even the motion of water
runuing as in & sewer does not give off anything particulate was
also shown by some interesting experiments with lithin solution
published by Professor Frankland in 1877,

We may contrast the obstacles which thus exist {o micro-
()1'ga||isms'bcing given oft by sewers, with the absence of such
obstacles in the case of accumulations of divt about or underneath
the floor of a room, The latter accumulations ave more or less
dry, and constantly being shaken, and the air of the floor is
usually being sucked up into the voom,  There ave thus all the
conditions present for aiv contamination,  How easily such
contamination may avise is shown by the fact that a slight
shake of the bottle containing the specimen of damping material
referred to above, was suflicient {o cause a distinet clowd of
dust to rise.

What now are the sources of the few micre-organisis actually
found to be present in sewer air?  Professor Frankland showed
that the bursting of bubbles disseminated particles of lithia
solution, and therefore presumably micro-organisms.  We made
some laboratory experiments at Dundee, which showed directly
how completely Professor Frankland’s inference was justified,
But in the sewers we visited there was no bursting of bubbles,
as the current was far too fast for suflicient putrefaction to take
place; it therefore seemed desirable to ascertain whether the
micro-organisms had not simply come in by the ventilators from
outside. It was not so easy as might have been supposed to gret
conclusive evidence on this point; but 1 think we ean show
that it is at least exceedingly probable that this was the source
of almost all the micro-organisms,

In the first place if the micro-organisms came from any part
of the sewer or its contents, we should expeet that the Tonger
the air remained in the sewer, the more would it become
charged with micro-organisins, It is usually dificult to discover
from dircct observations how long in any particular case air has
remained in the sewer, but we can judge roughly of this from the
amount of carbonic acid present.  If we classify the results in
three equal divisions, according to the amount of carbonic acid
found, we obtain the following table ;:—

Tempera- | Carbonic | Organie Micro-
ture, neid, matter. |organismns,
Total :—
4:9—6-2 vols. carbonic acid | 55-8° 57 51 87
67—79 ,, . " 531 73 63 G4
86—109 ,, " " 53-0 94 105 b4

J, 8, HALDANE, 409

Tt will be seen that as the carbonie acid increases, the micro-
organisms deerease in number, A similar result is obtained by
classifying according to the strength of the draught :—

.| In excess of outside air.

2 £, g -

83 g 8 7 = o 4 2

ST EE |82 | 4y | 25| 48

1] [ —_ 31 v (3=

S od | ~nfo | 28 &8 =g

) S d S8 ~ o

o
Strong draught ......[ 66 | &7 99| 26 | 35 |— 23
Moderato dranght .., .| 76 88 89 39 66 |— 92
Little or no draught . .[ 9+ 81 67 G-0 5o | 143

Again, we analysed the air in the main Westminster Palace
sewery before and after certain improvements in the ventilation
had been made,  After the improvement there was a muech
stronger air current along the sewer. It will be seen that
while the amounts of carbonic acid and organic matter were
diminished by the improved ventilation, the micro-organisms
inereased in nmuber,

Carbonic | Organic | Micro-
Acid. matiter, lorganisms,
Average beforo improvement ........| 78 | 110 7
Average after improvement  ........| 6 27 10:3

In order to investigate this point further, it was evidently
desirable to examine air in a sewer as much as possible cut off
from outside air.  As is well known, the Bristol sewers are as
completely as practicable shut off from outside air, I therefore
applied a few weeks ago for permission to examine them. Dr,
Davies, Medical Officer of Ilealth, and Mr. Ashmead, C.E.,
kindly gave me every possible facility for my work.

The Dristol sewers can only be entered, without digging, at
two places, each of these being close to the outlet of the sewer.
At only one of these outlets (the one a short way below the
Clifton Suspension Bridge) were the conditions favourable for
the experiment.  In this ‘case there was a draught down the
sewer towards the man-hole,  This air must have come a long
distance in the sewer, as there were no inlets anywhere near,
It was found that the number of micro-organisms at this point
was exceptionally small, the avernge of two analyses giving
only two per litre. The result thus entirely confirmed our
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1N hypothesis. At the other outlet, the temperature in the sewer the ofher way,  Nevertheless, in one respeet we obtained clear § ; J; |
Ii- I was 5o high that when we opened the trap-door there was a evidenee of contamination hy micro-organisms arvising from the |
}Hl [ Lk double draught in ihe man-hole, the hot aiv of the sewer rising, sewer itself.  In two eases where there was splashing in a sewer i {i |
HIHHI and cold air rushing down and along the sewer,  lence the from pipes entering in the roof, we found that the air elose to i Ei{
i - sewer air beeame mixed to a certain extent with outside air, the splashing contained 103 and 25 miero-organisms per litre ; e i
' ' As was to be expected, therefore, the sewer air was not in this whereas the air a few feet away, and after the splashing had } I |
. : case o free from miero-organisms, A short way up this sewer ceased, contained only 12 and 8 miero-organisins,  Some experi- IS }
M i there were found in each of two analyses 85 wicro-organisms ments with the artificial sewer showed that large numbers may i ['!{
. per litre, whereas the outside air at the mouth of the man-hole be disseminated in this way,  Air, in a litee of whieh no micro- : J ' :
1 IIHIN contained 13 ‘“'l'““'(‘- . . organisms were found before splashing caused by pouring a 7 l," I
P ARa There was havdly any smell pereeptible on entering or leaving mirefving infusion from a height, was found to contain several THEE
Al the Bristol sewers. The carbonic acid near the Chfton_ontlet mndreds per litre during the splashing.  Splashing in a sewer L
gl amounted to only 1947 and 20:7 volumes per 10,000 in two should therefore be avoided if possible, iheE
iH analyscs, while the amount was much less (14°1 and 1 volumes) The results of these researches will perhaps tend to mitigate [EHHE
il | near the other outlet.  This amount is of course very small, less some of the terror with which we have come to regard sewer kil
A than what was found in many schools. It we consider that the air. Sewer air has commonly heen supposed to be ¢ loaded ” i’ HE
subsoil air at the depth of the sewer probably contained more with micro-organisms, whereis, in reality, it furns ont to be i i
] ? than ten times as much cavbonie acid, the result is rather sur- somte of the freest air from mi('ru-nrganisins that can be found. £ ;
prising.  There was a rapid flow along these sewers, so that no It may be answered that it is not a matter of quantity, but of ELHEIIR
gl time was given for putrefactive chimges in the sewage, qualify.  There may he very few germs, but they may be very SIHE
An interesting point in the Bristol oxllwrnnvnts was that the deadly ones,  Doubfless they may be, but until we have definite . it t
| At number of moulds in the sewer aiv was found on an average to reasons for supposing that this is the case, the presumption is, . il
i ﬁi ! | equal that of the hacteria, _“'1“‘1‘('"-“ in the air of the streets in ihut.tlw.\' are no more harmful than other germs which are i ;
l I] ;o summer \\‘c:nflwr the bacteria fouwnd far exceed the moulds as a floating :l!iullt everywhere, il 1
]! P rule.  Now it has heen shown by Hesse that moulds, although What is the supposed evidence for the causation of typhoid i
g |l o their spores are much larger than bacteria, nevertheless remain fever and other diseases by the inhalation of sewer air? We IisthER g
Ja i A suspended in the aiv mueh more veadily,  Henee we expressed in may dismiss at once as abénlutely worthless by themselves col- Al |
|| diE ¥ . a prévious paper “'.0 anticipation that on “'}' hypothesis ”"}t the lections of cases in which something has been tound wrong with HIHEH
i i . sewer micro-organisms come from the outside, the proportion of the drains in a house where a ease of typhoid fever has occurred, lHHEES
Hike i moulds would he found to increase in proportion to the decrease or where the patient has heen found fo have sniffed at a sewer B
HEaAE in the ventilation, The Bristol experiments thus bear out the grating or ventilating pipe shortly hefore his iliness,  What one R
; :, ! ]1)‘poihcsif. ) ' _ would require to know is whether the pmpm'ti(?nof cases occurring 1‘: : |
R e ) The point is well illusirated by the results of some experi- among those most exposed to sewer emanations is greater than s
‘ ments made with a long picee of wide tubing arranged to amongthose less exposed. Withoutevidence on this point, isolated AR
ihl l . represent the sewer, and with a dranght through it of about a cases prove absolutely nothing, considering how constantly most 4! CAAIERA I
i] %1 1' foot per second. The micro-organisms were estimated simul- persons are exposed to a greater or less extent.  Let me reeall BT
i fn tancously at the two ends of the tube.  The air passed along the some of my own experiences in this respect during the last few e |
iR ; P tube was very rich in micro-organisms.  As the average of two months. I do not suppose there is anything exceptional in them. i } iq
IR experiments with this arrangement we found that while there During the recent hot weather, I conld seldom go along the strects i
S were 225 bacteria to 57 moulds at the mouth of the tube, fl‘lel‘e of Oxford without being unpleasantly reminded of the sewers at Bl
bk P were only 100 bacteria to 57 moulds at the other end.  Thus very frequent infervals.  During last autumn I worked all day i
1] AL IBI the bacteria had diminished by half while passing along the for many wecks in a Inboratory in Berlin, where one or other of s
e el tube, whereas the moulds had not diminished at all. _ the traps conneeted with the sinks was forced every few minutes, il
WO Bl i) I think there is thus a strong case, from the sewer point of view, this sometimes causing an offensive smell; and I can recall b
LERE B K against outside nir. It is evidently, as a rule, the outside air various other ways in which I have been more or less constantly il
IL dee b which contaminates the sewer air with micro-organisms, and not exposed to emanations from sewers or drains, 1 may add that g i
Ili R R st
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412 THE AIR OF BUILDINGS AND BEWERS,

we never felt the slightest ill effeets from working in the sewers,
although on some days we spent several hours in them,

But apart from imli\'ichm\ cases of {yphoid, there ave vavious
records of groups of eases having ocenrred in houses where
something was wrong with the drims,  Some of the most note-
worthy ave contained in Dr. Murchison’s famous book on
Continued Fevers,  On looking throngh theso records, one
finds again and again that the reason why these ontbreaks were
traced to emanatious from sewers and cesspools was simply that
no other canse could be discovered at the time.  When one con-
siders that nothing is more common thau for groups of people to
be exposed tn a similae way without typhoid fever oceurring, it
seems to me that, so far as the evidence goes, one might quite as
well trace the fever to the influence of almost any other tocal
cause,  What is required to make such instances of the slightest
alue is satisfactory negative as well as positive evidence.  Such
apparent negative evidence as is offered is wsually entively
illusory. The fact, for instance, that an epidemic stopped after
some drainage defeet was altered, proves nothing at all, beeause,
judging from experience in other cases, the epidemic would have
ceased at any rate.  Nor does the fact that epidemies are some-
times localised in buildings round some source of drainage ema-
nations prove anything without corresponding negative evidence,
Systematic observations carvied on for years in the Munich
barracks, and reported by Dr. Port, showed that groups of cases
often occurred at some particnlar part of the barracks,  Some-
times these cases occurred close to the privies, but they showed
no special tendeney to oceur in these parts of the buildings, As
regards sewer air in particular, let me once again recall the fact
shown by Buchanan for English towns, and abundantly confirmed
by more recent German statistics, that the introduction of sewers
to towns has been almost universally followed by a diminution
in the amount of typhoid. ‘

I cannot now enter further into this controversy, I have
argued’ that the belief in the connection of sewer air with
typhoid fever rests not on satisfactory evidence, but largely
on a priort reasoning. Our observations on the impurities of
sewer air would have no weight against any satisfactory evidence
for the connection between sewer air and fevers; but I think
they have very great weight against the e priori reasoning on
which I have tried to show that the sewer air theory largely
depends,

When I say this, I do not wish it to be supposed that I am
arguing that emanations from drains are in every way harmless.
It seems to me highly probable that a house, the air of which is
contaminated in this way, is unhealthy, as well as, and perhaps

DISQUSSION, 413

simply beeanse it is, lmvlensnnf. The organic and other sub-
stances contained in such air may, from their unpleasant smell
or otherwise, have a very serious effect on health.  In any case
[ feel canfident that the attention which has been given to the
means of preventing such contamination is well worth the
frouble.  Butin the present negative state of our knowledge
on the subject we should cease to uttribute blindly to sewage
emanations cases of discase of which we do not know the cause,
and patiently seek for convineing evidence as to the real causes;
whether these lie in sewage emanations or floor-damping mate-
rials, or in the subsoil, or the water supply, or clsewhere,

Avaust Durnt, PnD,, 1.CS, F.R.8, (London), said the paper
was a very valuable one and exhibited a vast amount of research,
although it was rather startling in some of the conclusions drawn,
Though the writer had seemed to be very eautious in what he said,
he (I'rofessor Dupré) could not help thinking ho had rather exag-
gerated some parts of his ease. Dr. Emmerich’s conclusions were not
by any means generally accepted in Germany by men of science.

Dr. Lovis Panxes (London) thought the Sanitary Institute ought:
not to allow the paper to pass without a few words of caution
{o the public as to the character of the atmosphere in sewers. The
method pursued in this case rather showed them what micro-organ-
ismg they could find than what were really present. 'There might be
hundreds, thousands, aye, millions of organisms which could not grow
in peptone gelatine at ordinary temperatures under ordinary condi-
tions. I'rom what they knew of the state of research in this country
it followed that those experiments must be taken with great limita-
tions; they told them what they could find¥out, but they told them
nothing of the boundless organisms which were not capable of being
recognised by that process. They all knew that micro-organisms
were not given off by wet surfaces, they were found on dry surfaces,
and yet they all preferred to live on a dry rather than on a damp
soil. If they were to accept the teachings of Mr. Haldane’s paper,
they would have to put aside nll the teachings of sanitary science and
all past. experience as to the spread of disease and fevers. The accu-
mulated evidence on this point was now very strong, and the facts
that had been brought forward in the paper did not really controvert
any of the evidence as to the dangers of inhaling sewer gas. What
had been said about micro-organisms might be just as stated ; but
that was no reason why they should cease to endeavour to keep sewer
air from entering their houses. Let them not go away with the idea
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4]_4 THE AIR OF BUILDINGS AND SEWLNS,

that sewer air was purer than the external atmosphere, and therefore
better to breathe. I they did, the logical conclusion must bo that
they had better pass their lives in the sewers,

Mr. Jonxsox Mantiy (Bolton) suggested that the inereased nuw-
ber of micro-organisms found when fresh air was adwmitted to the
sewers might arise from the inerensed rvapidity of tho air current,
which carried more of the organisms intoa given space, e had met
with many cases of fever himself where there was absolutely no other
cause exeept sewage emanations to which the outbreak could be atiri-
buted, and it would be n most dangerous thing for it to get abroad
that sowage emanations were,not dangerous 1o health and ought not
to bo guarded against. The statement mado by My, Haldane was
simply one of theory,

Prof. CanxerLiey (Dundee) said that all they wished to emphasiso
was that the proofs which had been advanced in support of the
supposition that sewer air produced typhoid and infectious discases,
were not conclusive.  They did 1ot say it was harmless, nor did they
wish anyone to breathe sewer air; they simply wished to get at-the
facts of the case. It did not always follow that beeanse a caso of
typhoid could be traced to no other source than sewer gas, that it
was therefore true that sewer gas was the cause.  The ease mentioned
by Mr. 8. W. North in the sitting of the Congress the other day, was
a case in point.  Mr. North menfioned that they had 130 cases of
typhoid in York, and that 120 of them wero traced conclusively to
the milk supply.  But Mr. North had plainly stated, that had it not
been for that fact being brought to light by notification, he should
have set it down to some defect in the sewers,  As to *“damping”
material, he did not think it was generally used in this part of the
country, but it was extensively used in Scotch fowns, in the space
between the ceiling and the floor, and it was thus used so as to deaden
the sound. There were cases where his space was entirely filled up by
cinders, which appeared to have been ashpit refuse, and which might
therefore be contaminated to & dangerous degree. So that when the
floors were washed, and #he rooms beeame warm in the natural order
of things, there were all the conditions necessary to the gross multipli-
eation of disease-producing organisins ; and he had no doubt that many
cases of disease which had been put down to the effect of sewer gas,
had really been due to that “danping” material, which was especially
barmful in rooms used as nurseries, where there were usually other
conditions likely to contribute to the fermentation of the filth below.
Astothe effects of cleanliness, they had been making some experiments
in schools in Dundee; they thought it must be very good if schools
could be washed a great deal oftener than at present. At Dundee
they were only washed two or three times in the course of a year.
They therefore chose two schoolrooms which were as nearly a3 possible
alike as regarded cubic space per child, and as to the condition of the
children attending. The air of these two rovms was analysed every
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other day for a forinight, one being washed at regular intervals, and
the other left as before.  The result was very curious; whilst the
number of micro-organisms in the air of the unwashed room kept up
fo one average, those in the washed room first deercased affer
washing to 31, and then inereased to 147, and finally setfled down to
106, \\'|li‘l‘t‘:_l.'i.||ll“. average hefore washing had been 112, The above
results e dillieult o explain: the experiments, however, are as yet
far from complete, and no doubt the true solution of the problem will
he fortheoming, when the conditions have heen thoroughly investigated.
In the meanfime, there cannol e the slightest doubt, as other ex-
pl'l‘llll(_:lllﬂ h:n-'v conclusively shown, that cleanliness has a very material
cffeet in diminishing the number of micro-organisms present in the
air of buildings,

J\l,'(i'l'.‘i'l‘ Drent, PuD,, 1.C8,, RS, (London), here said Mr.
Chadwick had sent a letter fo the sitling which was too long to read,
but which stated that the statistics he had collected bore out the
experiments related in the paper.

On “ Notes on Lancashire Water Supply,” by C v
ancashi pply,” by G, I DE RaNce
Assoe Inst.C.I8, I10.G.S,, F.R.G.S.,Sccretzu'y of the Un-
derground Water Committee of the British Association,

AN ordinary geological map of the county of Lancaster, gives
]_)ut little clue to the conditions which induced the carly settlers
in the county to locate themselves in the spots now covered by
almost countless towns and villages. The site of original
habitation is nearly invariably on amklwll or pateh of saudhan(l
gravel, forming a portion of the Glacial Drift, which covers the
plains of Lancashive, and sweeps far up into the deep valleys
covering the older rocks like a mantle, so that they are only
seen at intervals where the rivers have cut down deep, and the
denuded edges of the strata are seen beneath the Drift.  So
much so is this the case, that no sections of the older rocks
ocenr on the coast of Lancashire from the mouth of the
Mersey at Liverpool, to Ieysham Point in Morccambe Bay;
and again northwards the Drift is still scen forming the cliffs
at Ilest Buuk, and westward at Rampside, near Barrow. At
Blackpool the cliffs of Boulder Clay and Sand rise to a height
of more than 100 feet ; and the \'allbys of the Ribble, at Prest?m,
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and the Trwell, at Manchester, are entirely excavated in a Glueial
Drift of more than 150 feet of vertical thickness,

The average rainfall of western Luncashire is hetween 3O
and 65 inches, steadily inereasing eastward to the county
boundary, which for the most part follows the Pemnine water-
shed separating the rivers flowing info the Trish Sea, from those
flowing castward into the German Ocean. The Pennine Chain
rises to an average height of 2,000 feet, and is composed of
the Millstone Grit, which attains in Luucashive its maxinmi
development in England,

The Millstone Grit is subdivided as follows :—

Rough rock, or First grit.  Shale.
Haslingden flags, or Second grit.  Shale,
Third grit. Shale,

Kinderscout grit, or Fourlh grit, Shalo.
Upper Pendlo grit.  Shale.

Lower Pendle grit.

The alternating character of permeable and impermeable ma-
terial, and the deep ravines by which Millstone Grits are inter-
sected, cause them to e extremely valuable for walerworks
purposes 3 the rainfall sinking into the aven of grit exposed at
the surface, being supported and held up by the underlying and
separating beds of sfmlu: these canse the rainfall, that would
otherwise have flowed away in devastating floods, to he stored uyp
and delivered in springs, which maintain the dry-weather flow of
the streams of upland Lancashire, A chain of waterworks may
be followed from district to district in this formation, from Man-
chester waterworks at Longendale, 1o the Lancaster water-
works at the head of Wyresdale.  In this chain of gravitation
reservoirs, impounding the springs of the Millstone Grit, are
those of the Preston, Blackburn, Padiham, Burnley, Todmor-
den, Wigan, Bury, Ashton, Oldham, and Bolton Corporations,
those of the Rossendale and the Fylde waterworks, and also
those of the Leeds and Liverpool canal, - Nowhere can the
Millstone Grit be better studied than in the picturesque district
of supply of the Bolton Corporation waterworks around Bel-
mont, on the eastern side of Rivington Pike; westward and
northward of the ridge culminating in the Pike, are the
Anglezark or Rivington reservoirs of the Liverpool Corporation
waterworks, to which also belong the Roddlesworth reservoirs
further north, the waters of which originally drained into the
Darwen, and eventually into the Ribble, In nearly all the
waterworks provision has been made for the wants of the mill
owners, formerly supplied by these streams, by the construc-
tion of enormous compensation reservoirs, delivering in the case
of Manchester fifteen million gallons a day,  Mill owners have
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been enormously henefited in having a regular daily supply sent
down to them, instead of having to depend upon the capricious
volume formerly coming to them, influenced by climatic changes
of drought and floods, In many cases the provisions and engage-
ments entered into by corporations with the mill owners appear
to he so onerous, that, in exceptional years of drought, they
ought to have Parliamentary relief from the penalty clauses of
not heing able to supply.  Manchester at the fime of writing
has had to give clear spring water for mill purposes, the com-
pensation wafer being exhausted, while a water-famine, as re-
gards human consumption, stares the water-committee in the
face,

1 have long been of opinion, and have advoeated in varions
papers, the grreat importance of constructing “ dumb-wells”
in areas of porous rocks, which, communicating with joints and
fissures beneath, would receive the surplus rainfall, which is not
sulliciently long on the surface of the rock to be absorbed, and
therefore is cither evaporated or passes off on to impermeable
material and goes to increase the floods devastating the lowlauds.

Wihen sandstone or Millstone Grit is examined under the mi-
croscope, spaces are seen to exist between the grains of sand
forming the rock, The size and extent of these spaces limit
the capacity for water-storage of the rock, the water being
stored between the interspaces, just in the same way that water
is stored in a pail full of shingle into which water has been
]mured. In chalk and limestone the water is probably also held
between infinitely small pacticles; but the chief water available
for waterworks purposes in these cases is that present in cracks,
fissures, and joints, In the latter rocks water is absorbed
apidly, but is parted with, with extreme slowness.

Rainfall falling on a surface of porous rock sinks until it
reachies the plane of “permanent satu ration,” which varies
within certain limits, being governed by the amount of annual
rainfall.  The higher this plane is sitnated in the rock, the
stronger the flow of the springs issning from its outerop, and
the longer will their efficiency be maintained. 1t is seldom that
the full saturation level reaches to the top beds of a porous
rock near its outerop, but by a judicious sclection of sites for
“dumb” or “drainage wells,” the saturation plane could be
artificially kept up, the flow of the springs increased, and the
consequent  dry-weather flow” of the streams during drought
maintained. Reeent examples have shown that heavy thunder
showers are of no avail in replenishing the springs of rocks
dircctly exposed to the swface ; the ground being so hard that
the rain does not percolate, and is caught up by the hot air and
evaporated.
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418 KOTES ON IANCASHIRE WATER SUPPLY,

Ordinary wells can be sunk with great advantage in the
Millstone (irit, yielding good supplies of soft water, free even
from the small amount of ergante impurity, due to a vegetuble
source, generally present in the gravitation waters of the mill-
stone grit.  As examples, I may mention three wells originated
by myself in this formation.  The well at Walton summit-level,
for the Walton-le-Dale waterworks, in the thivd grit; the well
of the Star Paper-works, Fenniscowles, near Blackburn, where
the water overflows the surface, vising at artesinn pressure from
the first grit 3 and the well of the Levland Local Board waler-
works at Clayton Green, which gives a very plentiful supply of
most excellent water, At the Bagley Mills, near Bolton, [
advised the pievcing of the beds, heneath the shales helow the
Rougl: Roek or first grit, with excellent results; and 1 believe
if my report to the Bolton Corporation, as to sinking wells for
the Corporation supply, had been carried out, it would have had
cqually successful vesults,

The Middle Coal-measures of the Lancashire coalfield consist
chiefly of shales, with a few bands of rock, ironstone and coal-
seams ; there are no rocks of any value for waterworks purposes,
corresponding 1o the sandstone of the Yorkshire coalfield, ex-
cept possibly the rock associated with the Pemberton coal at
Bryn, near Wigan,  Not only are the sandstones thin, but arve
seldom at the surface, and are overlaid by impermeable shales
and impermeable boulder clay, and their ends traneated by
faults are not exposed to surface percolation,  Bencath ave the
Lower Coal-measures or *“ gannister series,” which contain the
massive sugary quartz-like gannister rock, forming the eminence
at Billinge Beacon ; these mn their turn are too hard and com-
pact to be of any value for the sinking of wells,

The Permian rocks do not occupy a large area in Laneashire;
the most important is the district lying between Preston and
Garstang, near which town several domestic wells have been
carried into them, but the supply is probably limited owing to
the thick covering of boulder clay of impermeable character,
At Clayton Vale, cast of Manchester, a boring in search of coal
proved a plentiful supply of water in the Permian sandstone,
which has not yet been utilised; the supply being derived from
water that has filtered through 1,000 feet of red sandstone
should be of great value.

The New Ited Sandstone of Lancashire consists of the follow-
ing subdivisions :—

Keuper {Wt}te?stones . R . . 100 ft.
Building stones. . . . 350 ,,

Upper mottled sandstones. . 350 ,
Bunter {Pebble beds . . . .1200,
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Tu the neighbourhood of Orrel and Waterloo private wells
obtain good supplies from the Keuper sandstone, which is
giving off springs in the Orrel ailway cutting between Waterloo
anid Aintree.  But the most important wells ave in the Bunter
division.  The Southport Waferworks Company  have their
pumping station in the Upper Bunter at Springfield, near
Ormskivk, and in the same neighbourhood the Upper Mottled
Sandstone affords a good supply to Ormskirk ; several million
gallons a day could he obtained, if required, in this district,
[rurther south are the new wells of the St. 1elew’s Corporation,
at Knowley, yielding more than a million gallens from the
Pebble Beds, the sites of which were chosen by myself ; south
of the St. Ielen’s conlfield are the old wells of that Corpora-
tion at Kecleston 111, and Whiston, At Eccleston IIill the
numping has caused a considerable © cone of exhaustion ;7 con-
sequently the water plane has heen so depressed that springs
which formerly iSSllct[ at the foot of the hill have now ceased
to flow. It is remarkable that so little is still understood of
sanitary seience, that an adjacent local hoard recently pro-
posed to place a sewage farm over the site of those vanished
springs, which flowed dirvect from the rock without any cover
but « little sand ! Eastward of the Ieeleston well are nume-
rous wells drawing on the wnderground stores of wafer of a
triangular patch of New Red S:uufstonc, enclosed on either side
by Coal-measures; the quantity so drawn amounnts toa daily ex-
{raction equalling an absorption of ten inches of anunal rainfall.
on each square mile of swrface exposed.  Amongst these wells
may be mentioned those of the Rainhill Gas and Water Com-
pany, and the Ravenhead Plate Glass Company. Further
south are a group of wells belonging to the Widnes Local
Board; they are placed in an area of former artesian over-
flow, but the level of the water is now pumped down.

Eastward are several wells sunk for the London and North-
Western Railway, and the Cheshire Lines Railway, whicl prove
the New Red fo have thinned considerably, and the Coal-
measures to be present beneath, At Winwick they are however
at their normal thickness, and yield a magnificent supply to the
Warrington Waterworks Company. At Warrington itself the
underground water is salt, a boring at Dallan Lane Forge
giving no less than 4,500 grains to the gallon. Westward, at
Widnes, are numerous wells through thick post-glacial and
glacial drift into the rock, giving large supplies. .

At Liverpool four public wells yield an average of 63 million
gallons a day of excellent water, the deepest boring being
1,200 feet ; they are separated from each other by a fault, but
the water passes frecly through it, whichever well is pumped,
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{
; i
i ; s, p . . . . ISE ! . . .
Ins when the next is standing unworked, getting fin_merea ;l satisfy the demands upon that supply; with the result that it
1S supply of water; the punping of one of these wells afiects the , \

: : ‘ e blic wells appears to he amply demonstrated that the rainfall this country
water in Oakfield quarry, 24 miles away.  Several public wehs .

= ey - i T— ‘

H !
{ : ] t lion of the City i receives is more than suflicient to meet all the requirements of 1 i
. ' a TSvate wells ) Y Dy " 4 1 . . 3 S -
. ] and numerous private \\tlllb lil t lbl“” ern pot liil‘l' 0 and Al ! human consumption, manufacturing processes, and the purposes i I .
M . . N . Wittss Ve [} ' H ' . . . . t i R
SIS have had to bt.a :]lbm'l(ltfl‘l(:(“t ~u“'ilgll~ t(»)\fut‘l'l*(l:: l\’\‘i"‘: ::W west of -i of camalization; and yet, with these resources, large districts EHL
1. percolation of salt water; the ‘]‘ 110." L and Buotle. which is 1 still suffer from all the ills of polluted water supply, whilst Lot |
e o the great fault, ranging threugl ,l“'l‘“lt';".’ J :r(:\"cd by the other areas are devastated by floods, representing unproductive i r‘ ,
“ HH I evidently a water-fight barrier, P it this 1% ;i' "1' lB' el on ; rainfall passing to thesea,  In no county would this unproductive § hl
il fact that the waters of MQE,;I,, -“ibtmf'i, we ]]ﬂ{-!‘”\\\'llilu o : rainfall he more valuable than in that of Lancaster, where sl
1B tzlc western side of the fault, ““133 “l"!“‘.‘ ll‘_“ "fl;:\" aards. cust water is not only wanted for human consumption, but for the i i
| { . Corporation waterworks well “lt : im tE’ (lm ".-lill “L t)'icltilcd . _ varied processes of the trade of the district, and nowhere could : :
“ L ‘l*gfllle fault, yields a pure supply wdentical with that § ; it be more largely increased by dumb-wells, in the manner i B
MUBIHD 301, . . . : sugraosted, LEIRTI -
i (1 The sands and gravels of the Glacial Drift formed an - i i
jik P portant source of water supply to the carly mhulnl:mts'uf the (I
; 2 county, and probably led to the choice of site of Dreston, i i
g | Lancaster, Chorley, Luxton, Leyland, Prestwich, Bury, and 1
: scores of other towns; but as populations inereased, the water Heldeil: . I
: ! b q v -. ] . . 2 Al ,F' e
so derived became dangerously polluted, and a specimen ;af “Iw Prof. A. Durnt, 1.R.S. (Tondon), eaid it would bo a very admirable ; L it
5 former supply to Leyland, devived from a well near the ¢ “lllL ll-' thing if some of the water which now came down the rivers during fh.
3 1 : " s e ) ] . . N
i 4 ' yard, coliceted by Dr. Frankland, is placed as an example o the winter months could be impounded for use during the summer ; or gk
§ a thoroughly bad water in the 1'ood Museum of the Seience g if some of the rainfall could be stored and similarly used, they would H R
] . " 13 . . . | Lt
i and Art Department in London. DBut in some cases valuable ; then rarely hear any complaints about the fouling of streams, i e
SR g o : btained from this source L
dukdll i L ; water for trade purposes can still be obtained from tlus ¢ ) g . . . [EN i
TG z : poses S S ¢l for the Lancashire mul i Mr. A, K. Ikcres (Chorley) said that if trees were planted on the : A1
it a recent example of which is a well for the lancash | ! \ _
A . . ) " fed by myscelf : moors they might have the effect which Mr. De Ranee suggested, as IR R
Bl Yorkshire Railway at Preston Junction, suggested by mysceit, : e oA 5 ) i
ALAHEE ; . " e 1 Manchester. 2\ supet= : water followed the roots of trees in rainy weather, and the presence. B by
B in co-operation with Mr. Muir, C.E., of Manchester. ~ A suy ! £ irees | listrict od . ; i
i HLE A S . 3 e < published by i of trees in any district ensured a greater amount of water in the IR GER I
AR ficial cdition, showing the Drift deposits, 1s now published by : carth, i el
| it the Geological Survey of Ingland and Wales; Lan -ashive is i
i t H : completed, and Cheshire in progress. . . Prof. A. Dvert, F.R.S. (London) said if he understood Mr. De S
il l The population of Lancashire is about 3} millions ; this ."lt_QO : Rance correetly, the wells were not to be used for storing water in I i :
i : gallons of water a head means a daily requirement of 70 lllll!lUll | tho well itself, which would be an insignificant amount, but they were RNt
{ gallons; with so large a demand and so crowded a population, to give the rain-water falling on the surface access to the water- il
EHE it is no matter of surprise that both the Corporations (_:f the _; ble:ltrmg strata lﬁzlow. 111(l conuexion with this he might mention that HUlE
cities of Liverpool and Manchester have gone beyond their own : gr!] artesian \:et Is m'fq uset in vtal‘lous p:}rtst?f tl‘&““‘—'l‘; fOl‘ngf-t-l.ll%" rid L
L . . 3 H P ary H 3 ’ ¥ N 'OV { Y 3 HE RN
county for their future requirements ; the former impounding ' use:ll%:rqtlll;(la“ )lu:,t“:):e :uﬂ ) 33:;:1 or, proving that dumb wells wmight be 535! I
the head-waters of the Severn and conveying them across the e purp gaested. Jilt
ey i . ) o . . . L3 ] HIi
low watershed of the Dfe(il‘ lt(_) Iﬂlc leil *i?) bd:i“;;' -tll'lt(/i[i]gli?ltl'i;' _ Mr. N1vron Snavoxs (Bristol) asked whether it were intended to st e
. ¥ - '3 A1 H B8 { H t 3 . 39 i
P ab.s{':lactmg the waters o irlmere Liake, '}"_ A Mt line the sides of the wells or have them porous. e
: raising the level of that lake, rendering available for Man _ , , sl 1y
chester water that would otherwise have gone off in floods to ‘ Mr, 11, T. Croox (Xecles) said he had some ghfﬁcult_y in clearly Al
the Solway Firth : understanding the object of the paper, whether it was intended to R
H . »” . . e . . . wL e . . _! “ i
Tn my work on “The Water Supply of England and Wales, advocate sinking for water in opposition to impounding, or whether e
j . . : Tow wl s the it was to urge the adoption of “dumb” wells for regulating the supply Jitlie
& published in 1882, I made an attempt to show what was the t0 resorvorne” poCol oL < BULLNE MOSUPDY i
: yrobable supply of water available in all the river basins of SCLvolrs. - The prosperity ot Limeashire wias manly due to her
il probx: PPy 1wl s the nt required to many streams and copious rains; to these she owed her position as il
5 England and Wales, and what was the amou 1 1 one of the chief scats of industry, Any proposals dealing with her T
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422 NOTES ON LANCASIIRE WATER SUPPLY,

water supply should bo most jealously serutinized, and no novel seliemo
undertaken without the most careful researches into the possible
effects. 'This was tho more necessary with regard to underground
water beeanse it was so exceedingly diflicult to eradicato the popular
notion that the rocks held o supply which was inexhaustible.  When-
ever there was a “seare” of o water-famine they always heavd o great
deal about this sourco of supply. It could not be too clearly driven
into the public mind that whatever water was abstracted from the
rocks below was o much taken from the discharge of the streatns,
Prof. Boyd Dawkins and even Mr. Do Rance had sometimes he thought
in their writings used language not suffiviently clear on this point.
To show how little water might be available in the Millstone Civit they
had the experienco of works all along the Pennine ehain, where some-
thing like 50 per cent. of the rainfall had been impounded: of the
balance not more than -4 or & inches could possibly be available, and
therefore to give to Manchester a supply cqual to that now obinined
from Longdendale, an area of some 234 square miles of country would
have to be laid under contribution. With regard to compensat ion water
he thought that Parliament might fairly be nsked to consider whether
somo alteration might not- be mado in the amount to bo given in
geasons of exceptional drought such as they had experienced in the
present year, The o dumb ” well system advoented by Mr. Do Ranee
he thought was surrounded with dificulties,  The amount of water
which each well would pass to the underlying strata would bo very
small, consequently a very large number of such wells would le
required. Fo intercept the surtace flow they must be placed on the
lines of streams, and nearly every stream being utilized already very
awkward questions of compensation would arise. The proposed

" gystem was_mercly jmpounding in a new form without the great

advantage of the present surface system of knowing exactly what the
effeet of the operations will be.

Mr. C. E. De Raxce, F.G.8. (London), in reply, said he felt it hard
that after having written paperafter paper during the last fifteen years,
showing all water supply to be due to rainfall, he should have the last
speaker apparently thinking he (Mr. De Rance) thought there was an
inexhaustible underground supply.  Mr. Bateman’s figures just given,
really included the underground water Decause the rainfall pereolating,
was returned to the surface as springs within the same drainage area.
The dumb-wells would only absorb overflow or flood waters, and would
therefore help to prevent floods.  As to water rights, the position of
the riparian owner would be improved, because the water which went
into the wells would go to increase the springs, and to maintain the
dry weather flow of the streams, the water absorbed during periods of
excessive rains, being run oft during drought. -

JONN COLLINS, 423

On * River Pollution in Lancashive, and Iow to Prevent it,” by
Jonx Cornixs, 1°.C.S., I'G.S,, I.1.C,

No apology appears to the writer to be necessary in the
presentation of this paper to the Congress,

The subjeet, ufﬂri\'vl’ pollution, not only in Lancashive but
throughout the Kingdom, is one of daily growing importance,
and this imporfance has been making itself felt in particularly
inconvenient fashion of late years.  For it must be observed
that while the growth of population and the inerease of trade
processes and manufactories have been going steadily on, the
needful amount of forethought and of prudent prevision has
been wanting in the colleetion and in the conservation of water
for domestic and for trade purposes.

There are probably few of the elder members who are in

attendance at this Congress but who fondly remember how in
their youth they were wont to go fishing and bathing in the
limpid waters of the brook or river, which now they arc regret-
fully constrained to stigmatize as a foul and offensive sewer,
_ The steadily inereased burden thrown on our rivers by the
inerease of dcnf;c populations collected together in large centres,
the cql'rcslpmulmg inerease in extent and varviety of pollutants
resulting from the trade occupations of these centres, as well as
the accumulations of effete and exerementitious matters from
these populations, all shave in the ery for some attention at the
hands of those in authority. )

It would be superfluous to point to the effects on the health
of the people who, from the nature of the case, are bound to
]1\'&‘1011 the banks of tll$serl'i\'e1's;’0r as near thereto as may be.

hese rivers are our ¢ Wealth,” and deserve our highest care.
_ Water, it must be remembered, absolutely pure, exists nowhere
in nature.  Kven at the moment of condensation from invisible
vapour to elowd, water always absorbs various gases which are
present in the atmosphere.  And when it falls as rain to the
':ll‘f]l it sinks through the subjacent strata, or it flows over
various surfaces, from which it takes up various matters in
solution and to varying amounts, Ilence it is that when we
speak of polluting matters we refer to elements and compounds
which are of a nature other than those aforementioned.

When used as a prime mover of machinery it is of the
greatest value, and especially so where fuel is scarce or
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b expensive in uso for steam purposes,  But this mode of use of within miles suffer in many ways. The stream which flows ittt
kb water in no way pollutes it, for it flows over, under, or through through the pasture cannot be drunk by the cattle.  The old A
H 1 the “wheel” without material contamination, house of the resident on the rviver baunk ‘is rendered uninhabi- i |
il And when the water coming from the hill side as a hountiful {able by reason of infolerable stenches.  People are subjeet to A
T spring, clear and sparkling, is impounded for the supply of perpetual aunoyance or even ill health, the money value of the f;‘in Y -
, some town population, s certain amount is sent, down duily by . property is diminished, houses are rendered tenantless and il
1 the water course as * compensation” wader, unsaleable, and “life on the waters” is rendered impossible, IS e
HER This comes to the first town or works on the stream in good We have hitherto spoken mainly of manufacturing refuse as i u .
§131 condition, or, as we are in the habit of saying, llll]l'n”ll(ctl." the pollutant.  This is surely a grave enough evil, but its y '} iR
1! The all important trades of tho Dleacher, printer, dyer, remedy is mueh more readily applied than that from sewage. HIER

and paper maker ave absolutely dependent on a plentiful supply
of gtm(\ water as an essentinl condition of a prosperouns mu\ a
profitable trade,

And hence the water so required must. be that which comes
directly from the spring or other source, or it must he pre-
viously treated and cleansed to a degree o fit it for such use,
Everywhere we find works after works occupying all available
sites on the streams up to the ncavest possible point to the
source itscif.

And so it comes to pass that the whole stream, which is, it
must be remembered, the natural drainage outlet of the whole
area or district through which it passes, is absorbed in or is
applied to potable and to manufacturing purposes,  And the
extent of this evil—the magnitude of the nterests, or the
attainable margin of profits, is set up as n justification for such
a monstrous use of one of God's best gifts.

If we proceed down stream from its source we find the
various pollutions characteristic of and flowing from bleachers,
dyers, printers, paper makers, and others, in most cases unfil-
tered, untreated, and without the slightest attempt at inter-
ception of noxious or polluting matters. In fact, we find a
supreme indifference.  And so we are not long in avriving at
a point where the waters of the stream are worthless and useless
for the ordinary trade purposes of the district, save for power,

Then we have this stream joined by others of a like character,
and bearing similar burdens, and the pollution is intensified
until it becomes unbearable.

Next we have the first- sanitary authority we encounter com-
plaining of this pollution by refuse from manufacturing processes,
as well as by the sewage and drainage always found therewith.

All complain, even those who, while suffering from the incon-
venience and annoyance which such a state of things entails,

The bleacher contributes nothing which may be properly
considered a very serious pollutant,

The paper maker can, and in some cases does, apply certain
arrangements to his mill eflluent, which renders it practically
innocuous,

The ‘n-intor and dyer have a more difficult problem before
{hem; but with settlement and precipitation, caveful filtration,
and other well-known means, they may also eseape much outery.

Sewnge, however, is most serious, as it constitutes the greatest
bulk of polluting fouluess to our rivers.

It is a very variable but always complex liquid.

1t includes excrementitions matters from privies aind water
closets, urinary matters from gullies, slop waters from the
kitchen and washhouse, with its animal, soapy, and other refuse,
and drainage from the stable, shippon, and slaughter-house,

Sewage is water polluted with an alnost infinite variety of
matters, some of which are in suspension, while others are in
solution; hut both arve in such condition and quantity as to render
the liquid foul and dangerous to deal with easily or successfully.

As the town sewer is the common receptacle for all sorts of
domestic waste and effete matter, so it is also of manufacturing
refuse, when such manufactures are scated in towns,

And thus the neavest river or stream is almost universally
considered the natural and proper receptacle for all foulnesses.
We may assume that the pollution increases as the river flows
along in its course, and the appended tables show this, among
other things, most markedly.

Organic animal matter found in polluted waters is most
offensive of all, and it is most dangerous to health. The
organic matters from print and dye works come next in order,
and last, such pollutions as are contributed by certain chemical
(trade) processes, ‘
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disposed to do this on learning that other papers on the subject
are to be submitted to the Congress,

It is obvious that filteation will do much to rid waler of
matters in suspension.  But filtration can in no sensible degree
affect pollutants which ave in solntion, and which ave frequently
most dimaging and present ina lavge quantity, Filtration too
must be carcfully practized, or a mortitying failure is the
cerfain result, The filler must be of o nature whicl is open
cnough to permit rapid oxidation of sueh matters as are inter-
cepted by ity while not allowing the passagre through it of such
matfers as it is the objeet of fillration to avrest,  In ofher
words, the more effective the filter is the more it is lable
to choke rapidly, and the more care and attenfion i reqguires,
It is always best to “settle” in properly constructed tanks or
reservoirs before filtering, and in most cases it is here and at
this point where the application of an agent to assist in or
promote precipitation is casiest and maost cconvmical,

Where settlement, precipitation, and filtration do not effect
the desired degree of clavification and of puritication, ofher and
speceial means to meet the case must be :u\uptwl; hut it may be
tuken for granted that no pollution exists for which there is no
remedy, and it is cqually elear that this remedy should he
applied by the person or anthority whicl initiates the nuisance,
and that hefore passing it en to his neighbour,

In support of this view it is worthy of note that most, if not
all, the various pollutions with which our rivers ave dosed are
most readily removed if attacked at once, and before other re-
actions and compounds result,

1t should be clearly understood that we must “ prevent ” the
pollution of our rivers, and not attempt to “doctor” them after
having drenched them with poisons.  IFrom the head of the
stream to the mouth of the river we must be armed with legal
powers to “prevent” the disposal of any waste, noxious or
foreign matters, in such streams or rivers,

All we say is this: Take whatever you want, or at least,
whatever you are entitled to, of the waters of the stream and
use it for your own purposes, but return it to the strecam in as
fair a condition as you find it. Means are at hand to cuable
you to do this; but such is the immobility of public bodies,
and of others who are interested in maintaining the present
condition of things, that nothing short of a stern enforcement of
the law which exists for our protection will ensure their adoption,

I have to express my thanks to my assistant, Mr. .
Hepworth-Collins, F.C.S., for his assistance in preparing the
appended table results of analyses; and I am also indebted to
him for several analyses made specially for this table,

Ammonia

JOHN COLLINS.
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