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SECTION V.

CHEMISTRY AND PHYSICS IN RELATION TO
HYGIENE.

Tuesday, 11th August, 1891.

—— OO0 ——

"The President, Sme Henry Roscor, M.EP., LL.D,, FR.S,,
in the Chair,

i —

Presidential Address

BY
Sir Hesry Roscor, M.P., F.R.S,, LL.D., D.C.L.

e 2 Qe p——

"The branch of the great subject of Hygicne with which we in this
section have to deal, viz., that of the relation in which it stands to
the sciences of chemistry and physics, is one of primary importance and
interest. Indeed, taken in its most general sense, the relation of the
science of health to chemistry and physies will be found to include
almost all the varied subjects which come under the cognisance of this
Congress, for all vital processes are regulated by chemical and physieal
laws, and physiology may be defined as the chemistry and physics of the

animal body. Hence the preservation of a normal condition, or of health,

being dependant npon these Jaws, it is clear that our Section is the most
important of all, for it is by obeying chemical and physical Jaws that
health is maintained, whilst by neglecting to follow them we court
disease and death.

But whilst as chemists and physicists we may claim credit for
Inying the foundations of the edifice of Hygienic Science, we gladly
admit that portions of the building have been raised by other hands, and
heartily do we welcome the suceesstul efforts which the biologist, the
physician, the engineer, and the statesman have made to help us to
complete the building up of a condition of things by which the amount
of preventible disease is veduced to its possible minimum, and that of
health and well-being increased to the maximum possible under the
necessary circumstances of our lives.

As to the progress which during the last half century has been
made towards the attainment of this end—he who runs may read.
Those who can carry their minds back 50 years will he free to confess that
at that time, whether in England or abroad, the principles of Sanitary
Science were recognised only by a very few men of light amd leading,
and that any attempt to carry out these principles were, indeed, few and
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8 Section V.

far between,  Filty yeurs age our notions of 1he natiwre of contagion, of
the causes which lead to the spread of epidemic diseases were of - the
crwlest and vaguest deseription. We then had no idea of the fact now
not only proved beyond doubt, hut strongly inpressed on the public
mind, that Doth water mud milk are fertile carriers of discase if con-
taminated even ever so slightly with infections material,

In those davs % pump” water was helieved to he wholesome if
only it was cool and sparkling, and water from a souree now recognised
as dangerously impure was preferred to the pure article which came
from a distance in the city mains.  Now the sanitary authority closes
all doubtful wells, amd municipalitios inenr vast expense in hringing
home to every one & pure supply of this necessity of life.  Stll much
vemaing yet to be done for an adequate supplv-—especially in rural
districts where the village pump is too often the sole means of existence,
and where that pump s not infrequently in close proximity to sources
of dangerous impurity.  Moreover, even where the supply is of good
quality, its quantity often fails in dry seasons from lack of any impm-uul-
ing system of the flood waters. "That 50 years since our knowledge of
these matters was Hiited is due to the Taet that in those days chemists
were unable to decide whether a water was harmless or cl:mgc.rous. The
methods of analvsis were then erade and insudlicient ; and even now, when
these methods have been greatly improved, the most expert analysts
may find themscives in disagrecment, on a mere chemiceal examination,
as to whether a given water is it to drink or not.  The discussion of
these methods of examination on Thursday next may, I shonld hope,
contribute to the elucidation of these doubtiul points,

Fifty years since no one realised that the existence of cesspools
under their houses, of which there were then thousands in London,
was a source of danger to the inhahitants, The idea of getting rid
of and of utilising facal matter was laid hold of ages ago by nations,
sich as the Chinese, whom we in onr wisdom term barbarians, whilst
the civilised Buropean waited till the middle of the nineteenth century
before he discovered that if e wonld preserve his life he must remove
from his neighbourhood the refuse which accompanies that life, and
even now, at the end of the century, he is far from having solved the
question of the hest way of its removal, much less that of its utilization.
On Wednesday next we shall have an opportunity of learning the
opinion of those competent to give it on the mnch vexed questions of
the chemical and physical principles involved in the freatment of sewage;
and.if we ean lay down, evenr in outline, what these prineiples are, our
section will not have met in vain.

The question of air pollution, which will come on for discussion
during our sittings, is a much more diflicult thongh an equally important
one. We can bring pure water into our houses by pipes, we can also
take away the polluted water by sewers, we can see the fresh water
running in, and we know, if our drains are in order—an assumption it

is true, and perhaps a hold one—that our dirty water at least goes away
from us. In the case of the air, we cannot regulate the fresh supply
s0 easily ; nature, it is true, does much for us, indeed if she did not, we
should be badly off. 'We cunnot see the air, whether pure or otherwise :
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Presidential Address. 9

owr sense of selly may, il it he sensitive—whicl is again an assumption
often incorreet—possibly tell us that something is wrong, thongh it by
no means follows that an odonrless air is pure and healthy ; but o
ascertain how far the air is impure, and to express it in figures was,
o far as concerns many of the most important of these Tmpurities,
impossible 30 years ago, and is only now heginning to he understood.
But even were we able to deteet the presence in the air of the spores
of the as yet undeteeted influenza microbe we should be far from having

“a means of frecing the air from it. DBy filtration through cotton wool,

air can e obtained practically free from microhic life as well as from
dust partieles amd fog, but such air filtration can only be adopted in a very
Busited number of cases, and is altogether useless for general purposes.
Gne of these fow instances s that of the House of Commons, where a
system of air filtzntion has been suceessfully adopted, by which the air
of the debating chamber has been preserved perfectly free from fog as
well as front microbie life if the doors are kept closed.

The discussion on town fogs and their prevention, which is to he
introduced by Dr. Russell, will enable us at. any rate 1o form an idea of
the causes and possible mode of preventing these serious drawhacks to a
city life. A scientific inguiry, if it does not at once sueceed in finding
o enre for the evil may, at least, point the way to prevention, and 1 shall
e surprised if we do not find that the ultimate panacea will consist in
using gaseous fuel and the clectrie light.

Another source of air pollution, more easy to arapple with, lies m the
eseape of deleterious gases from chemical works and other mannfactories.
‘The removal of many causes of such pollution has been satisfactorily
accomplished in this country under what are known as the Alkali Acts,
or more properly the Noxious Vapours Acts. Thanks to the care with
which these Acts have been worked both by the Government inspectors
and the meanufacturers themsclves, the serious complaints which arose
of nuisanee due to the escape of acid and other noxious vapours are now
no longer heard; and not only has the public been the gainer by the
stoppage of the escapes which formerly occurred, but the manufacturers
{hemselves have also benefited, inasmuch as they have had thewr atten-
tion directed to improvements in their proeesses which have proved
remuncrative. :

The great smoke (uestion is one npon which I hope some light
will he thrown by the discussion which will take place during our
meeting. Much, doubtless, can be done in preventing the ontput of
smoke from factories and other places in which large (uantities of coal
are hurnt, but, after all, the smoky atmosphere of our towns is caused
chiefly by the thousands of domestic fires, and at once to alter these so
as to prevent smoke, or to insist upon gaseous fuel being generally used
instead of coal, is to expect the impossible.

I have said that the foundation of liygienic progress 15 to be sought
in the application of chemical and physical principles. This is true not
only of the matiers of every day experience to which I have already
referred, but also of the most recent and astounding discoveries, showing
the dependence of the health of the community on the actions of microbic
life. Thus Pastemr and his pupils have proved that these actions on the
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10 SNection T,

:l(:n::o?ill lilt);)d(:\h :ﬁ::}:lmg;:t::e l.ufvf'o?ws' s ;.;f,nosts,. z.l.ro to l-m ultrihut'e(l rather
. products formed by the living miero-organisms than
to tluz organisms themselves,  For just as in the \\'vll-kuuw: instanee of
the vinous fermentation, the products of the action of the \'(':.I.H't plant
on sugar are alcohol, carhonic acid, and  subsidiney cnm.p(.nmdq -'0'
('m-h. (](‘.ﬁlllt.l“ micro-organism—such, for example, as that p(!('fl,lli.:ll‘
to clnphtln.cntts—mxgondcm certain active chemical principles which are
‘Zl.l):ll-)lc of effecting serions or fatal changes, characteristic of this discase
within the animal body. Hence the ultimate causes of epidemic (liw";w:
rest npon a1 che.mim] basis, and as we find in a simple chemiceal ;111 ‘:u;t'i-’
dote for poisoning by any of the commoner chemical poisons, o it would
appear that an antidote for hydrophobia, for example, is ,lo be found
in the c(-nnplicated chemieal products of the life of t;m‘ miecro-coceus
(-}mrnctorlstic of this disease. How these antidotes—except in.- the n.mq.t
simple cases, such as acid and alkali and the like—act is as \';t'
1111kn?\\'11. We do, however, know that the growth and life i'nrléti&né
of this yeast plant are stopped in presence of an excess of the pois .
aleohol, which it secretes, and this fact may help us to explain —l}) S :’“:
]e.\:tent, the protoct?ve action exerted by the chemical l)giso;l (I’('\'('{o‘i):?:l
,:i‘l_?,zl;[:l .tl;.;lt:w%s:.ucﬂll?c;;(;:;:ﬁa]:,i;lnt?; 'J..‘lm e]uc.-id.aiion of this subject,
individual, is one of the most pro:intf?m'n'l'l:ntlfii " ente of the dun
To isolate the various chemical 1)1'0.&11(;:&' .:((;“ Llhlulc' tllm'}('] S Of' e o
chemically and pathologically, is a noc(";:' ¥ st } l?] . the | b‘f”'
! logically, is ssary step towards the attain-
ment of th.e end which we all have in view, viz,, the prevention and
cure o.f disease. Hence, it will he admitted Dy all, that whilst ‘tl
(letemmn:ftion of the morphological characters of llli(:l'O-OI‘ ranic .]if(' ]i
an essential -1)1'eliminm-}', it is to the examination of the ];"o-fntm-lim:.s
of ﬂ‘le organism, and especially to those connected with the produ-(-tim.]
of its peculiar chemical poison, that we must look for the (-om.]'t '
so]utl.on of the problem; and therefore it is in the laboratory ofp t‘] .
chemist, and by the application of chemieal and physical methods "i:
research that progress in these matters will, in the coming fim('.S 10
:n:u]le. So :1ga.in, Isay that the foundations of hygienic pfogrvss, mf:
P(;,}- ;?c:;ought in the application of the principles of chemistry and
And now, gentlemen, I know that all well-wishers to this progress
g]mther' .Ent.irhsh.members or '[].1(‘, foreign guests who have honour(f:l ﬂu,
ongress by their presence, will rejoice to learn that we in England
detern.nned no longer to lag hehind onr continental friends, are ‘l])bOlf t’
establish a National Institute of Preventive Medicine, in “:],li(‘]l ;l()t ]' ](?
researches of the kind I have alluded to can be s::tiQfac‘rori] : "f"";‘i
out, hut where instrnction in the numerous special 1)ra;1(-]105 of‘ :.‘_‘ {“1'“"'
upon whic.h the health of the nation depends, can he ‘gi-;*en (';‘1111;:] ,
wlo have 1.11terest<?d themselves in this movement feel that it lq 116 le;:
than a nﬂflonal disgrace, that whilst almost. every other civilised natioT
has established an institute of the kind in its midst, we in Engl ;
.s:hould stand alone inactive and supine. We helieve ﬂ,mt ’f-]l(‘ 11;2222(
for such a national institute only requires to be made gonem’ll ’ knl‘:;l N
to be universally acknowledged, and we feel confident fil;lt nmzr lmvi‘r‘::
O

l
¥

nition under license
will only
peeaniary support necessary for
on a seale worthy of the country.
from private sonrees;
countries, as yet holds aloof from  suppor
however necessary they may he fo the gener
The thne may not. he
when Pardiament will consider it one o
to support by Impe
inereasing onr knowledge of th
of the nation ultimately depends,
throughout. the land,

AT Ty w0 g e C o e
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ohtained the first step towards the attainment of our object, viz., recog-

of the Board of Trade, the Council of the Institute
Lave to ask in order to obtain the considerable amount of
arrving on the work of the institute
This support must come wholly
for onr Government, munlike that of iy
ing institutes of this kind
al well-heing of the conntry.
far distant when different. views will prevail, and
{ its first and most hinding duties
rinl grant an institution whose sole aim is that of
o conditions upon which the health
and of diffusing that knowledge widely

A vote of thanks was accorded 1o Sir Henry Roscoe on the motion

of Dr. Russell, seconded by Professor Odling.

N> § B ——

On Town Fogs and their Effects.

BY
Dr. W. J. Russenn, IR,

——— ‘-—/,{_)':— et e et e e

Until 1880 the formation of i:ug was Tooked upon as arising simply
ation of liquid water, probably in the form of hollow
vesicles, from an atmosphere saturated with aqueous vapour; but n that
yveur Aitken <howed that the determining cause of the separating out of
' quent. formation of fog, was dust present in the
a gas passing to a liquid or

from the separ

liguid water, and conse
He pointed ont that a change of state,
a solid, always occurred at what he terms a ¢ free surface” ;
ecule of Tiquid water is surrounded Dy like molecules
aseous water) we do not know at what temperature,
but if in

air.
a liquid to
that as long as a mol
(and the same with g
or whether at any temperature, they would change their state ;
contact with a solid, then—at the surface where they meet—the change
will oceur. If the solid be ice it may become liquid ; or the liquid may
become solid ; and the same kind of action occurs when the liquid is in
contact with its own vapour. In fact, what we call the freezing and boiling
points of a hody are the temperatures at which these changes take place
at such free surfaces. The dust always present in the atmosphere offers
this free surface to the gaseous water, and thus induees its condensation.
This specitic netion of dust varies very considerably,~—first with regard
to its composition, and second with regard to the size and abundance
of the pm'iidvs present. Sulphur burnt in the air is a most active fog
produeer; so 1% salt. Many hygroscopic hodies form nmelei having o
ater that they can cause its condensation from

great an affinity for w:
an unsaturated atmosphere. At “the same time non-hygroscopic bodies,
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12 Section V.

such as magnesia and many others, are powerful fog-producers; no
doubt their activity may in part be attributed 1o their heing good vadiators
of heat, and thus by hecoming cooled, inducing condensation.  Mr.,
Aitken also showed that the products of combustion, ¢ven when the
combustion is perfect, ave powerful fog producers,—a fact whieh has an
important bearing on the production nl town fogs.  One other point in
these experiments T ocannot omit mentioning ; it is the exceedingly
minute amount of matter eapable of inducing fog, I his first series of
experiments, Mr. Aitken showed that (30 of a grain of iron wire,
however often it was heated, evolved on eaeh Tieating suflicient dust 1o ("lll\'u
avisible fog 5 and afterwards, with still more delieate apparatus, that PR
of a grain of cither iron or copper when treated in the smne way gave
stilar result 5 and from these last experiments he infoers th.lt even
Tovgew Srain ol cither wire, it only slightly Tweated, would vield sufficient
nuelel to cawse w visible amonnt of fog, It is of mueh importance and
interesty seeing how small aquantity of dust is required for the pro-
duction of fog, to know that even this small smount may he filtered out
of the air by passing it through cotton wool, and that an aiv may thus he
obtained in which a fog cannot. he prouced. Mr, Aitken’s dezeription
of sucl an atmosphere is at fivst most alluring ; for he savs that if there
was no dust in the air there would he no lnm., NO 1SS, and probahly no
ain g hut he goes on to state that when the atmosphere beeame burdened
with supersaturated vapour, it would convert evervthing on the suface
of the carth into a condenser, every blade of grass and every raneh of o
tree would drip with moisture d(-posltwl by ﬂlu Passing air, our dresses
would become wet amd dripping, and nmbrellas useless ; but our miseries
wonld not end here, forr the inside of onr houses wonld become wet, 1he
walls and every object in the room would run down with moisture, I
think it we picture to ourselves this state of things we may he thankful
that there is dust—and fog.  Dust in its finer forms is invisible to us,
but as its delicate particles hecome loaded with moisture, it hecomes a
fine mist, which is dense if the nmmber of particles are many,  But if
the dust particles are fewer, the amount of aqueous vapour remaining
the same, cach particle will have a larger amount of condensed moisture
to carry, and will give rise to  more coarse-grained fog ; the moisture, or
some of it, will he more feebly attached to its nuclei, producing then
what is known as a wet fog ; whereas at least one most important fact
in the production of a dry fog is the strong aflinity hetween the nuclei
and the condensed vapour.  As most of you are no doubt aware, Mr,
Aitken has invented a most ingenious method for counting the number
of dust particles in air, and has obtained most interesting and valuable
results. I can only mention here that some of these re&.ults deal with
the clearness of air in relation to the number of dust particies present ;
and other results show how little effect rain has in diminishing the
amount of the finer dust in air. Towns chviously supply dust of all
kinds, and therefore offer every inducement for fogs to form, and soma
at least of these dust particles will he capable of causing the con-
densation of moisture even from an atmosphere which is not saturated
with aqueous vapour. Tlhis condensation of moisture is & very complete
process for removing all kinds of impurities from the air. Floating
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purticles are free surfaces, and, becoming weighted by the moisture they
condense, tend to sink 3 even the gascous impurities in the air will be
dissolved and  cmeried down by lhe moisture present, L..\.l)f'llll.l(_llf
confirms this, for it has heen proved how correetly the impurities of an
air ean he ascertained by determining the composition of dew, cven if
this be artificially and loeally formed. Tt is of importance to note that
even the purely gascous emamations from our lowns cannot pass away
when a fog (2.\1ch as is shown hy the accumulation of earhonice acid
which takes place during a lmr Taking four volumes in 10,000
volumes as the normal amount u[ earbonice acid in London air, some
years ago 1 found that. it iner reased in the case of a dense fog to as much
ns 14°1 \u]nm(-u, and often to double the normal amount, which nmnst
represent a very serious acemmulation of the general impurities in the
air. . ‘ . y
A fog in this way becomes a uselul indicator of the relative purity
of the ltlll(l‘nl)]l('ll‘ in which it forms.  If pure agueous vapour he
condensed it gives a white mist—a country fog, a sea fog—and a white
light seen t]u'(m(rh it is not converted into a ved light 5 hut in town fogs
t]w whiteness of pure mist disappears and hecomes dark, in some cases
almost black, in colour, the change heing produced by the foreign
matters floating in the air. By far the most abundant co]ourmtr matters
of our town fogs are the products generated by the imperfect combustion
of coal, hut in ‘l(lllltl()]l to these bodies, many others must obviously find
their way into the air over a town especially will there be dust from
the nniversal grinding and [)()lll](llll“‘ voing on in strect-traflic and many
mechanical operations, from the tronm"zl disintegration of substances and
the decomposition of perishable materials, ali of which will add something
to the air, and will become an integral part of the fog. However,
although it is often said that a town focr is so dense that it may be cut
with & kmfe «till it is difficalt to condense so much of it that it can be
subjected to a scarching chemical analysis. In 1885 by washing fogrrv
air I was able to determine the amount of sulphates and chlor}dos
present, and—as indicators of organic matter—the quantity of carbon and
nitrogen in the fog. The 1'es111tq showed strikingly how largely the
amounts of organic matter and of ammonia salts in the air varied with
the weather, Vo case of dense fog occurred when the experiments were
being made, but the mean of several experiments clearly showed that in
fogey weather the ‘nnount of organic matter was double as much as
existed in the air in merely dull weather, and that the amount of
sulphates and chlorides increased under like conditions, but not to the
same extent. Fog may, however, be made to give its own account of
its constitnents; for we have only to collect dnd analyse the deposit
which it leaves to learn what its more stable constituents are. We have
to thank the air analysis commiittee of the Manchester Ficld Naturalists’
Socicty for the most complete analysis of such a deposit which has yet
heen made. The deposit analysed occurred during the last fortnight in
Febroary of this year, 1891, and was obtained from the previously
washed glass roof of the plant houses at Kew, and from Messrs. Veitel's
orchid honses at Chelsea. At Xew 20 square yards of roof yielded
30 grammes of deposit, At Chelsea the same area gave 40 grammes,
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14 Section 1,

which represents 22 1hs, to the acre or six tons to the square mile, and
the composition of these deposits is as follows :—

Chelsea, Kew.
Carbon - - - - - 390 42°5
Hydro-carbons - - - - 12+ 4-8
Organie bases (pyridiues, &e.) - - - . 2'()}
Sulpharic acid (80)x) - - - - - TEH I 10
Hydrochlorie acid (H(D - - - b4 0-8
Ammonia - - - : - - 14 -1
Metallic iron and magnetic oxide of iron - - 26 4105
Mineral matter (chiefly siliea and ferrie oxide) - - 31-2 }! '
Water, not determined (suy difference) - - 58 53
1000, 3000

These analyses give, I helieve for the fivst time, a definite account of
the composition of fog deposits.  Soot and dust rendered sticky and
coherent by hydrocarhons are by far the principal constituents, but I
should like to give you the striking deseription which Professor
Thiselton Dyer has sent me of the deposit collected at Kew.  He
savs “it was like a brown paint, it would not wash off with water and
“ conld only be seraped off with a knife. It thickly coated all the
“ Jeaves of the evergreens, amd upon what have not yet heen shed it
“ «fill remains.”  Inthe above analysis it is curious to note the large
amount of metallic iron and magnetic oxide of iron.  The details with
regard to these very interesting analyses we shall hear from a member
of the Manchester Committee, and T will only ask yvon to note how
large a proportion of these deposits arises from theimperfect combustion
of coal. We also learn from the Manchester Committee some interest-
ing facts with regard to fog deposits which occurred last winter in their
city. The deposit which was collected from aucuba leaves contained as
much as 6to 9 per cent. of sulphuric acid, and 5to 7 per cent. of
liydrochloric acid, mostly of course in a state of combination, but the
deposit was, they say, “actually acid to the taste.” DMoreover, three
days’ fog deposited per square mile of surface, in by no means the worst
part of Manchester, 1} ewts. of sulphuric acid, and even as far out of the
city as Owens College, on the same area, over 1 cwt. of acid and 13 ewts.
of blacks. '

There is still one other point characteristic of town fogs to be
noted ; it is their persistency in an atmosphere considerably above the
dew point. A country fog under such circumstances at once passes
away; a town fog apparently does not do so. There seem to me to be
two reasons for this; one is that the moisture is protected, and its
evaporation to a large extent hindered, by the presence of oily matter ;
and secondly, that when the moisture has really gone, the soot and dust
remain to produce a haze. The great distances to which fogs will
travel is also remarkable, for they have on many occasions heen traced
to a distance of at least 25 to 35 miles from London, and I believe I
might say to 50 miles.

I have so far discussed the production and composition of
town fogs; and hefore comsidering their effects, would say a word
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on the question of whether in London they are increasing in frequence
andd density. A complete and accuraie record of fogs in London
is not kept; several stations are required, and s correct method of
registering the density and of distingnishing the difference between
haze and fog is necessary, but fortunately there is a f{air approxima-
tion to this complete registration of London fogs published by the
Moteorological Office in their daily reports. The observations are
made every morning at Brixton and every afternoon at Victoria Street ;
and, from a paper by Mr. Brodie on Some remarkable features in the
winter of 1890-917" published in the jowrnal of the Royal Meteoro-
logical Society, I learn that the number of fogs thus registered as
having ocenrred each winter since 1870 is as follows:—Winter being
represented by the months, December, Junuary, and February. Ihave
divided these 20 years into fonr groups or five years each—

Between 1870-1875 - - - 93 fogs ocenrred.
’ 1875-1880 - - - 119 ’
. 1880-1885 - - . 131 i
. 1885-1890 - - - 156 %

It appears, then, that during the last 20 years there has been a
stoady increase in the number of winter fogs. I am not aware of any
data 1o prove whether the density of these fogs has increased, but it i3
probable that the increase in number of fogs largely depends upon an
increase of atmospheric impurity, and on the conversion of haze and
mist into obvious fog; and as the great colouring matter of fog arises
¢rom the combustion of coal, I have drawn up the following table from
iformation which has been kindly furnished to me by Mr. G. Livesey
and Mr. 'I'. B. Scott, of the Coal Exchange. It gives the amount
of coal really consumed annually in London, but does not include the

coul used by the different gas companics,

Coal, CONSUMED IN LONDON.

(That used by Gas Companies deducted).

| Year, ‘Tons.
!
1875 - . - 4,882,233
| 1876 - - 4,988,280
i 1877 - - 4,143,909
i 1878 - - 1,973,147
' 1879 - - 5,833,891
' 1880 - - 5,334,823
i 1881 - - 5,598,281
1882 - - 5,343,974
1883 - - 5,872,310
1884 - - 5,669,281
1885 - - 6,026,063
1886 - - 6,096,732
1887 - - - 6,231,956
1888 - - 6,463,498
| 1889 - - 6,390,850
i

ascertained and deducted,

For the first five vears the amount given in the table is rather too
high, as the quantity nsed by the surburban
The (uaatities

oas companies conld not be
apply to what is known a5
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16 Section T,

the Loundon district, an area with an average radius of 15 miles round
London. The table shows an absolute inerease during the Tast 15 vears
of two million tons of coal, that is, half as much again is now burnt as
was burnt in 1874,

Supposing only 1 per cent. of sulpline in this last  vearly amount is
converted into sulphuric acid (Hy SO,) and passed into the air, it wonld
give 195,720 tons of this acid.  The five years” averages of winter fogs
give a stealy increase, but obviously the munber in each winter will
vary nmeh with the atmospherie conditions ; for instance, Inst winter
was remarkably favoursble for the development of fog; for again
taking the figures of the last 20 vears, the average number of days of
fog during the winter is 25, bat Iast winter the actual number was 50,
A form of fog well fermed “high fog” now frequently oceurs in
London.  The lights in a street during this form of fogr are often as
visible as on a clear night, It above hangs a fog so dense that the
darkness of night prevails during the day.  This partienlar form of fog
appears to have hecome mueh more frequent of Iate vears; in fact it is
doubtfnl whether in former times it ever ocemred.  The immediate
cause of this new form of fog is diflicult to explain.

The general atmospherie conditions which induce fog are a still and
moist air and a high barometer—a state ol the air most usual under
antieyclonie conditions.  The immediate defermining eause, however, of
a fog is nsually a sudden and considerable fall of temperature. Mr. Brodie
also points out that last winter was & time of calims; the percentage of
sich days on the average for the last 20 years is 97, but last winter the
number was 22 ; emphatically, he says, it was an anticvelonic winter,

London has alwayvs heen the head-quarters of town fogs, hut now
all the large towns appear to he imitating it in this respeet.  This is
what we must expeet, for an increase of population means an increase of
combustion of coal, and that means a pouring into the atmosphere of
more and more carhon, hydrocarhons and sulphuric acid; in dry and
windy weather all these bodies may he scattered so as not to produce
appreciable effects, but Iet the air he still, or even approach a state of
aqueous saturation and then, as we have seen, every particle of dust and
dirt beecomes a centre for moisture to deposit on, and we shall have a fog
imprisoning all impurities and offering them to us for inhalation. To
burn ecoal so that only products of complete combustion may eseape is
problem of much difficulty and is ecomparatively rarely done.  Certainly
the domestic fireplace does not do it, hut, on the contrary, is the
principal cause of the dark colour of our fogs. Many manufacturers,
however, liberally contribute to produce the same cffect.

I turn now from the constitution and production of fog, to note some
of the effeets it produces. First, with regard to health ; details on this
point I leave to those who are more able to describe them than I, hut I
have a few words to say with regard to the effect of London fogs on the
death-rate in general. There are many people who feel so strongly the
unpleasantness of fog that it induces them to magnify its results and
make extraordinary statements with regard to the mortality it produces.
It hias even by some heen likened in deadliness to the Great Plague of
London and to other great epidemics. To ascertain how far such views
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were corveet T studied the Registrar-General’s veports for the times of
fogs, and expressed his results by the carves drawn on a series of
dingrnms.* I selected times of fog, viz., the winters of 1879-80, 1889-90,
and 1890-91, and represented graphieally the temperature, the amount of
fog, and the death-rate for each day. The results arey T think, worthy
of careful study. The first thing learned from these diagrams is- that
by far the greater number of fogs ocenr when there is a great fall of
temperature; this is closely followed after a few days hy a great increase
in the death-rate ; how much of this increase is to he attributed to the
fog and how much to the fall in temperature may be diflicult to
determine.  'We have evidence that when fogs ocenr without fall of
temperature, they do not appear to he followed by any remarkable
inerease of death-rate, for on December 15th 1889 there was a dense fog
and the temperature was even above the average, and under these
conditions the death-rate  remained far below the average; on
December 13th and 14th in the same year again there is a dense fog,
and average temperature, and only an average death-rate, and the same
thing happened on Febraary 4th in 1890, when, notwithstanding a dense
fog, the death-rate remained remarkably low; and last winter on
November 13thand 14th there wasagain i dense fog, @ high temperature,
and an average death-rate.  With these four exceptions, depression of
temperature goes with fog.  ‘There is no ease of depression of temperature
not. followed by inerease of death-rate.

That many people suffer much, hoth physically and mentally from
the cffects of fog there can be no doubt; hut as far as I can interpret
these returns of the Registrar-General, they do not confirm the popular
impression that fog is a deadly scourge; at the same time it is heyond
doubt that an atmosphere charged with soot, dust, and empyrenmatic
produets is an unwholesome atmosphere to hreathe; though I think that
the principal cause of the great increase of mortality when fogs oceur
is attributable rather to the sudden fall of temperature which nsnally
accompanies fog than to the fog itself. .

So many toxic effects are now traced to the action direct or indirect
of hacterin, that it is satisfactory to learn from the experiments of
Dr. Percy Frankland that fogs do not tend to concentrate and nurture
them; for he found there were remarkably few bacteria in London air
during a time of fog.

The deleterious action of town fogs on plants is more marked
and more easy to investigate than its effects on animals, Nursery-
men have long known from experience that a town fog will penctrate
even their heated greenhouses, and will with certainty kill many of
their plants, especially their orchids, tomatos, and in fact most tender
and soft-wooded plants. But on this point I cannot do better
than quote what the Director of Kew Gardens, Professor Thiselton
Dyer, says in a letter to me :—*“ With regard to plants under glass the
« offect of fog is of two kinds. i. By diminishing light. This checks

# The dingrams here referred te were exhibited at the Congress.
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18 Section V.

¢ transpivation. The plints ave therefore in the condition of being
« overwatered, and a well-known consequence of this is to make them
« ghed their leaves wholesale.  Many valuable plants which onght to he

well furnished with foliage become perfectly hare and it is impossible
ii. The toxie

[3

"

« oyer again to recover them into sightly specimens. ‘
¢« influence of the foe. This is most striking. Tt is illnstrated in the
¢ most forcible wav by the enclosed memorandum.* T attribute it in the
“ main to sulphurous acid though I cannot help snspeeting that some
¢ hydro-carbon may also have something to do with it. T hf" .1'0x1(e
« offect varies from one plant to another, some are scarcely injured
« others are practically killed.” He adds, “I hope yon will be able to
% aronse some interest in this horrible plagne. If the visitation of last
¢ year is annually repeated it must in time make all refined horticultnre
« jmpossible in the vicinity of London” I append to this paper the
very interesting and important report from Mr. W. Watson to which
Professor Dyer refers. This fog action on plants is so ('ln:n'l_v. marked
and so deadly that it has, I am happy to say, led the IHorticultnral
Society, aided by a grant from the Royal Socicty, to mulnrtake. a
scientific investigation of the matter. Plants are so much more easily
dealt with than people—all the circumstances of their attack by the fog
and its immediate results are so much more easily noted and traced—that
the investigation has already yielded important results, and we shall, I
hope, hear from Professor Oliver, who is devoting himself specially t(-) the
investigation, some account of his latest results. A marked and admittod
difference between town and country fogs is, that while a country fog is
harmless in a greenhouse, a town fog will produce most destructive
results.

There is still another action of town fogs and one which I believe
is of the greatest importance. I mean its power of absorbing light.
This power of abstracting light depends principaily on the amount of
coal products which the fog contains. The slower vibrating red rays
can struggle through a fog which is absolutely impervious to the more
refrangible ones. Even a mist hut slightly tinged with smoke is opaque
to the blue rays and this screens us from their action ; but, as Aitken has
lately shown, the heat rays can pass through readily. This opacity of
town fog to light is, I helieve, one of its lllos:f, serious and detrimental
characters ; animals can no more thrive in semi-darkness than can plants,
and important as the red rays may be, still it is undoubtedly the blue
rays which are most active in producing the principal chemical ehanges
going on around us. Experiments lately made have strong}y 1mprosse_d
me with the wonderful activity which light confers on a mixture of air
and moisture. Oxidations which in dulness and darkness areimpossible,
are casily and rapidly effected by aid of a gleam of sunshine, or even by
a bright diffused light. It is not possible, I helieve, for people to remain
healthy where this source of chemical activity is cut off or even seriously
diminished. In addition to the loss of physical energy, mental depression
is indueed by the absence of light ; the whole tone of the system becomes

-~

* Vide Appendix to this paper.
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lowered and may fall 1 prey fo actions which under brighter conditions
it. would have been able to resist.

There iz another action of light which is potent for good. I mean
its destruetive action on many forms of hacterin,  Professor Koch at the
st meceting of this Congress pointed out how his tubercle bacilli are
killel by even a short exposure to sunlight, and it is now well established
how inimieal light is to the growth and development of most kinds of
lacteria, I wish I conld show you in some perspicuous way the
cnormous power which town fog has of absorbing light, and hring
foreibly before you the great difference which exists hetween the amount
of light which reaches the inhabitants and huildings of a town as com-
pared with the amount on an cqual area free from smoke. A simple
actinometer is much required, and I hope the want will soon be supplied ;
It at. present the only records hearing on this point are the observations
of direct sunshine made at various stations by the Meteorological Society
and the Meteorological Office with the Campbell-Stokes instrument, and
some interesting observations hy Mr. H. Rafiles on the distance at which
ohjects were visible during @ London winter.  First with regard to the
sunshine experiments.  One station is sitnated in the hemt of the city,
in Bunhill Row, and it is of much interest te compare the amount of
sunshine there with, first the amount in the immediate neighbourhood of
Loundon, where we are not beyond the effeet of town fogs, viz., at
Greenwich on one side and at Kew on the other, wnd also with a place not,
far from London which is beyond the influence of its smoke, viz., Aspley
Guise, near Woburn, I have also noted the results obtained at
Tasthonrne, which is about as far distant from London as Aspley Guise,
but in the opposite direction, and is one of the sunniest places in
England.

Hours of Suxsmixg during the year 1890.

]
Month. B]‘;g:,l.“ Grecenwich. Kew. J(\}slﬁlseg' Eastbourne.
i

Jannary - - 29+9 440 56-0 57-3 56-9
February - - - 424 62°8 ! 57°8 705 10645
March - - 713 90°8 | 109-3 110-4 1335
April - - - 127-4 1415 ; 1448 ... 1373 170-1
May - - - 2157 2239 . 223+9 214-3 2679
June - - - 1280 1252 | 141°4 119-1 165°3
July - - - 1341 1206 139-9 141-3 1856
August - - - 164-0 1531 182+H 189-5 200-2
September - - 1316 153+2 1695 1661 2074
October - - - 89°6 969 1216 1356 1253
November - 234 40-8 576 647 66-9
December - - 0-1 924 0-3 13-4 38+0

Total - - 11575 12552 14046 141945 17236

Taking the totals of last year, the table shows that the hours of
sunshine registered at Bunhill Row was 1158, at. Greenwich 1255, at
Kew 1405, at Aspley Guise 1420, and at Hastbourne 1724. But for
our presenf, purpose we must compare the amounts of sunshine at these
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20 Section V.

places during the winter months, November, December, Junnary, and
Febrnary, and we find that at Bunhill Row there were 95+ 5, Greenwich
150, Kew 171-7, Aspley Guise, 205°9 and at Eastbowrne 268 3
hours of sunshine; that is, if Aspley Guise be taken as giving the
normal proportion, Bunhill Row received only half its due amount, and
at Eastbourne there was nearly three times as much sunshine as in the
city. Now, on comparing the two other periods of four months which
are comparatively free from fogs, the amount. of sunshine is far more
nearly equal at all stations.

o BI;EI:}_H iGrccnwich. Kew. éi‘:{? tnsthourne.
| I
e |
Mareh till June - 5424 5214 619-4 581-1 7368
July till October - 2193 523°8 i 613-5 632°5 718°5

Mr. Raftles, during the winter of 1887-88, which it should he noted
was remarkably free from fogs, made a series of observations of the
distances to which he conld see from Primrose IHilly and found that
looking south on the 152 conseeuntive days from November to March,
only on 78 days could he see a quarter of a mile, and only on 83 days
could he see to the same distance in a south-westerly direction.  This
convevs a good idex of the opacity of our London atmosphere.

We attempt to compensate for the darkness which fogs cause by
the use of artificial light, and T have again to thank my friend
Mr. Livesey for the information he has given me with regard to the
extra quantity of gas burnt in London during a day of fog. He tells
me that if a dense fog covered the whole of London and lasted all day,
the additional amount of gas consnmed would be 30 million cubic feet ;
but since so extensive a fog as this probably never exists and certainly
never lasts all day, the actual amount consumed may he correetly
reckoned at 25 million cubic feet ; and, if the cost of this be caleulated
at 2s. Gd. per 1,000 cubic feet, which is rather below than above the
actual cost, it amounts to 3,125/. But after all it is not the single days
of dense fog that measure the extra amount and cost of artificial light
used on account of fog; it is rather the continually oceurring dull days
and local transitory fogs which demand an extra supply of gas; and
this is often 5 to 15 million cubic feet in a day, and gives a total by the
end of the winter which is very considerable. As a standard of com-
parison I should state that the total consumption of gas in the London
district in 2 day of 24 hours during the depth of winter is 140 million
cubic feet.

Such then is an imperfect outline of the chief features and
effects of town fogs; and now, what is to he said with regard to the
possibility of getting rid of such fogs? This question, it seems fo me,
resolves itself into this; fogs cannot be prevented from forming over
towns ; there are, and probably ever will be, special inducements in the
way of dust particles and products of combustion for fogs to form ; but
whether they must always be dark in colonr and loaded with soot and
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tarry matter is another gnestion.  The answer involves not only chemieal
but also social considerations.  With regad to the first, my answer is,
that as long as coal is hurnt you will have dense fogs graltu.«;, kitcheners,
furnnces may he, and probably will he, much improved and fires may be
stoked ina better way, but that the improvements will e so great.tlmt
all imperfecet combustion will eease I think isimprobable,  If this be so,
there is only one other alternative, as long as coal is our source of heat,
and it is to alter our form of fuel, to adopt gas and coke; the soot and
tarry matters will be then done away with.  The question of sulphnrie
acid in the air wonld remain, but our fogs would at least he white. There
is still the social part of the guestion, which is not without serious
difficulty, namely,—How to .induce or to compel people to give up the
use of conl ? At the present day it would not he possible to do as it is
recorded was done in the reign of Edward L—try, condemn, and exccute
a man for burning coal in the city of London.

Arrexpix.

The Lffects of Foy on Plants grown in the Houses at Kew.
By W. Watson.

<

rgr o * g . . .

T'he heavy fogs experienced in the last two or three winters injured

many plants in the houses at Kew. When thick fog ocewrred almost
daily, the injury it did to many plants amounted practically to destruction,
Tlie leaves fell off, the growing point withered, and in some cases such
as Begonias and Acanthads, the stems also were affected.  Flowers as a
rule fell off as they opened or whilst in bud.  Almost all flowers which
expanded were less in size than when there was no fog. The flower-
huds of Phalenopsis, Angrecum, some Begonias, Camellias, &e., changed
colour and fell off as if they had heen dipped in hot water.

In the Palm House bushels of healthy-looking leaves which had
fallen from the plants were gathered almost every morning. Ilants
which appeared to he perfectly healthy, when shaken would drop almost
every leaf.  Herbaceous plants suffered most; e.g., Begonius, Poinsettias,
Bourvardias, Acanthads, &e.  Some herbaceous plants, however, did not
suffer at all, nor were their flowers injured, as, for instance Cyclamen,

P AT 1 ra .. T 4N \d . r 1

Primula, Hyacinth, & Many hard-wooded plants lost their leaves and
were otherwise damaged, viz, Boronias, some Heaths, Grevilleas,
Acacias, &e. Protea cynaroides, a Cape plant with large laurel-like
leaves, was much injured in the Temperate House (min. temp. 40°),
-the leaves turning black as though scalded. The same species, however,
mm another house where the atinosphere is drier and the temperature =
few degrees higher, was scarcely affected by fog.

As a rule, the plants that were in active growth suffered most.
Monocotyledonous plants and ferns for the most part were not
appreciably affected by the fogs; the injury they suffered, especially
last winter, being clearly due to low temperature. The effect of fog on
flowers at Kew is remarkable, Generally white flowers are destroyed,
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29 Section V.

but there are some notable exceptions, viz., Masdavallic tocareunsis,
Odontoglossum crispum, sand some Angrecums amongsl orchids, and
linums, white eyclunen, white hyacinths, white chirysanthemums, &c.

The green leaves of Poinscttia pulcherrima all fell off, whilst the
red ones (bracts) remained, as also did the flowers.  All Calunthes of
whatever colour lost their flowers,  The buds of the white-flowerad
Angreecum sesquepedale turned black as il Doiled, whilst those of
. eburnewn, also white flowered, were not injured and developed
properly.  These two plants are grown in the same house, under identical
conditions, and they come into bloom about the same time.

The conditions most conducive to rest from growth, viz, a low
temperature and & moderately dry atmosphere, together with diminished
Jight—unavoidable in foggy weather—were proved at Kew to be the
safest for all plants during the prevalence of heavy fogs.

o e D G ———

The Air of Large Towns: Methods of Analysis.
PRESENTED BY
M. Harroc on behalf of the Air-unalysis Committee of the Manchester
Field Naturalists’ Society, (Dr. Bamey, Dr. J. B. Courn,
Mr. Piunir Harroe, and Dr. TaTiad)

—_—

—— o

A general and systematic investigation is being aade of the
composition of the air of Manchester in the different purts of the city.
Special attention is being paid to the following points: («) The
differences of composition in the air of thinly and of densely populated
areas; () the relation hetween atmospheric impurity and prevalent
sickness and mortality ; (¢) the extent to which smoke and noxious
vapours are due to factories and to dwelling-houses respectively ; (d) the
character of the air during the prevalence of fog; () the relative amount
of light in different districts.

The following paper contains a brief account of the preliminary
results which have been obtained.

It was decided first of all to deal with the presence of sulphurous
acid in the air, for the following reasons :—1. Sulphurous acid, and the
sulphuric acid to which it gives rise by oxidation, are distinctly harmful,

“even in small quantities, bo;h to animals and the higher plants. It
secms probable that the effects of town fog are largely due to the excess
of sulphurous acid which it contains, 2. We know definitely that the
sulphurous acid of the air arises wholly and solely from the combustion
of coal, which contains from 1 to 2 per cent. of sulphur. It is
pollution especially characteristic of our great cities, and is, in our
opinion, a pollution which properly directed efforts may abolish. 3. The
subject is one which has scarcely been touched by previous observers,
owing to the difficulties of estimating sulphurous acid when 1t is largely
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diluted with other guses, as in the atmosphere. We deseribe here a
simple and accurate method which we have devised for its estimation,

)

—————Se————
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The apparatus used consists of three parts—A, a long glass tube
about half an inch in diameter, open at both ends, which is fixed
horizontally so as to project into the open air; B, a glass tower about
30 ins, high and 1} ins. in diameter, open at the top, and drawn out
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21 Section T
into a fine jet at the bottom.  Two side tubes ave fixed 1o the tower, one
near the bottom and the other on the opposite side near the top. The
tower is filled to within one inch of the upper side tube with glass
beads, and into the open top a tap-funnel s inserted  throngh a tightly
fitting cork. The lower side tube is attached to the horizontal tube;
the upper one by means of wide indin-rubber tubing, to a combined
meter and aspivator (. ‘Lhis is an ordinary wet-meter converted into an
aspirator by attaching toothed wheels to the revolving drum and driving
the wheels by means of o wire cord passing over pulley and
carrving a weight. A series of dials vegisters the volume in hnndredths
of a cubic foot. The method of condueting the experiment is as
follows :—About 230 c.c. of 2 solution of hydrogen peroxide in water,
containing about one milligram of active oxygen in each enbice centimetre,
is poured into the tap-funnel, from which it s allowed to drop onto
the glass Deads at the rate of about one drop a seeomd.  The liguid
passes down amd out at the lower end of the tube through the jet, and
falls into a flask placed below, A drop of ligquid which permanently
fills the jet scals it effectually from the entrance of air from the interior
of the room. After running through, the liguid is ponred back into the
funnel.  The weight being womnd up, the volume indicated on the dial
is read off, and the drum set in motion.  Witha colnmn of beads of about
20 ins. and a weight of about 10 lbs,, twenty cubic feet ean be aspirated
inan hour. Onee started, the apparatus needs no further supervision
until cither the weight has reached the ground or the solution of
hydrogen peroxide has run ont of the funnel. The period required for
this is readily determined, so that no time is lost in looking after the
apparatus. A preliminary experiment made withan artificial atmosphere
containing a known volume of sulphur dioxide, and a check tube with
hydrogen peroxide inserted between the tower and the aspirator gave
ool results, and sufficiently proved the trustworthiness of the apparatus.

Determinations have been made simultancously at the Owens College
and at the Manchester Town Hall. The volume of air analysed has
varied from one to three eubic metres. The results are given in
milligrams per cubic metre :—

! Owens Town
|

1891. College, | Hall
T T T
Yebruary 18 | White fog, no smell of sulphurous acid (morning) | 3-14 —
February 18 | White fog, slight smell of sulphurous acid (after- |
noon) - - - -] 872 —
February 19 | Slightly foggy at commencement only; clear |
rest of time (midday) - - -1 1-95 —
February 19 | Clear and sunny (afternoon) - - 2-10 —_—
February 19 | Moonlight and clear (evening) - -. 180 1-87
February 20 ; Clear (midday) - - - - I — 1-38
February 21 | Clear (midday) - - - - 2-07 —
February 24 | White fog and clear at elose (midday) - 3-08 1:06
February 25 | Clear and sunny (10 to 5)- - -1 077 —
—_ 7:40

February 27 | Foggy (9.30 to 12) - - - -

March 6 | Very clear, wind (9.30 to 2.30) - -
March 12 | Misty, bright sun (11.45 to 3.25) - -
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‘The resnlts show considerable variation in the amount of sulphur
dioxide present in the atmosphere.  The lowest result was obtained on
Mareh Gth, after two days’ strong wind,  The highest results were
obtained on Felruary 18thy 24th, and 27th, and on all these days there
wis n considerable mmount of fog. The determinations made
simultancously at the Owens College and at the Town Hall show an
excess of sulphur dioxide in the centre of the town.,

Analyses of snow on successive days showed that during a three
days’ fog rather more than 14 ewt. of sulphuric acid per square mile was
deposited in the centre of the town; at an ontlying station 1 cwt. of
sulphuric acid and 13 cwt. of Dlacks per square mile was carried down
during the same time.

"T'he solid deposits on leaves of shrubs have also heen analysed, and
the results amply explain the diffienlty experienced in growing plants
and trees in towns. A series of observations on the clearness of the air,
and on daylight intensity is also being made.

‘The organic matter in the air is to be estimated by a modification
of the method used by Tidy in water-analysis.  The committee adopts
Dr. Russell’s plan of collecting the dust, &e. Dy sucking a known
(uantity of air through glass wool, but instead of subjecting this wool to
a combustion in oxygen, it is treated by dilute permanganate of potash,
which is titrated back first immediately and then again after the Iapsce
of a few hours,

An analysis was made of a deposit which was formed on plant-
houses in London and supplied to the committee by the kindness of
W. T. Thiselton Dyer, Esq., F.R.S., Dircctor of Kew Gardens, and
of Professor F. W. Oliver, of” University College. It was found to
contain :—

Carbon - - - - - 39°00 per cent.
Hydrocarbons - - - - 12-30 ’
Organic bases - - - - 2:00 ’
Sulphurie acid - - - 4-33 »
Hydrochloric acid - - - 1:43 ”»
Ammonia - - - 137 »
Metallic iron and magnetic oxide - 263 ”»
Other mineral matter, chiefly silica and

ferric oxide - - - -31-24 ’

Water (not determined) - - —

The committee is working in concert with a committec of the
Royal Horticultural Society in London ; and during the coming winter,
with the aid of a grant from the Royal Society, experiments in
Manchester and in the Metropolis will be carried on simultaneously.

e R X R

s

HEXarE

-

.

Ty -

nvl.?: .

SR
-

-
o

L
- R

- R s
- anka:

.‘.;!-‘- ;;::‘:h:“,‘;_-.f., 5

LG
s T,
s,
Lo Ty ¥ Y

X v. b i T
o e e S

Aoy et

..
.“‘,

-,

-
-~
.y o
ek soiiend - 34
!,,\*--‘;:.J?



w - -

e ——— -

.

T ]

e
e e e sl e g e

1
'
.
.
TR
!
P
N
o,
.t 1
SR e
- H
¥
'
e
1
3
s
3
1
H
13
.
..
-
i
' !
_F'- ’
D !
. i‘ 1
L H
1 H
€ i
HEN
B
.!;’
Lt
{
31
]
H
P
Ty

26 Section V.

DISCUSSION.

Dr. C. Theodore Williams pointed out the difficnlty of determining
how far the injurious effects cbserved in times of fog were duc to the fo.g;
itsclf, or to the cold usually accompanying it. London fog was often
futal to people in o precarious state of health or suffering from advanced
discase. With the majority it was not so, althoungh it gave rise to various
complaints that were not necessarily fatal.  Fog induced thirst, smarting
of the eyes, headache, coryza, bronchial catarrh, pharyngitis, bronchitis,
and occassionally puemmonia. A prolonged period of fog also caused
palior and anemia in a certain number of persons. e had noted that
during the quarter ending March 31st, 1891, which had been a very foggy
one, the Registrar-General's returns showed the mortality under one
year of life to be 21 per cent. above the average of 20 years, and thab
of people over 60 to be 95 per cent. above the average; but the mortality
of the population between one and 69 years of age to be 2°6 per cent.
below the average, and this in spite of great cold and fog. He had
observed cases of asthma in which the patient was benefited by a London
tog, and even by the atmosphere of the Underground Railway.

Mr. Ernest Hart said that he was sure that Dr. Williams did not
mean to imply that his experience of a few subjects of a discuse so
capricious as asthma bad any general value. To create or tolerate
London fogs for the sake of & few asthmatics, would be to burn down the
house for the sake of roasting the pig. 'T'he mortality of London during
the previous greut fogs had been as greab as in a cholera season. Hz
cnumerated a number of examples of the methods by which smoke might
be diminished in private houses; the latter were the main source.: of
smoke in towns, and they affected not only the purity of air, but the
amonut of light, so that all London, Manchester, Sheffield, Wolverhampton
and other large towns were now, daring a large part of the year, gitrantic,:
cellar dwellings. Mr. Hart mentioned the legislation suggested szy the
Smoke Abatement Society and approved by many local anthorities, as well
as by a Committee of the House of Lords.

Dr. Tripe (Hackney) agreed with Mr. Hart. In Hackney, as soon
as the fogs set inr, mortality increased, the cfiect of the fogs being to kill
off those who were susceptiole. Many asthmatics reeceived quiteoas much
benefit from breathing hydrocarbons as from a London fog.

Dr. Edward Haughton thought that therc was urgent need of
legislation in relation to smoke abatement, and consiaered that a small
hounse tax should be imposed npon those who neglected to use grates of a
proper construction. He regarded as sufficient the change rccommended
90 years ago by Count Rumford, viz., the substitution as far as possible
of closed grates for upen ones, as the latter waste six-sevenths of the heat
that is generated, besides loading the atmospbere with sulphurous acid
and unconsumed carbon. The public must take the matter into their
ow;'n hands and demand that their representatives should work for this
reform.

Professor F. W. Oliwfer (Kew Gardens) drew attention to the
nature and extent of the injuries cansed by fog to vegetation, and gave
an account of some experiments on this smbject carried oui under the
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The Air of Large Towns : Methods of Analysts. 27

auspices of the Scientific Commitiee of the Royal Horticultural Society.
He alluded in some detail to the action of sniphurous acid on vegetable
protoplasm.  In conclusion he referved to the work of the Manchester
commmitiee, and expressed the conviction that similar systematic records
should be kept of the varying constitution of the London atmosphere.

Mr. Pridgen Teale, speaking of domestic smoke as the resalt
of imperfect combustion, said that this could be in a great mcasurc
reduced by adopting in our fireplaces principles of construction now well
understood, but violated in a large proportion of the grates produced
by makers. Coal must be burned in as hot a grate as possible, viz.,
fire-brick, and the air should be admitted on the sarface of the coal not
through it, coal being burned in so large a mass as is consistent with the
size of the room to be warmed.

Professor K. B. Lehmann {Wiirzburg), sagte :—Wir haben weniger
Russ in unserer Stadtluft, aber unter schwefliger Siurve leiden auch wir
in Deutschland. Ich erlaube mir an die interessanten Untersuchungen
»n erinnern, welche Sendtner auf Veranlassung von Pettenkofer unter-
nommen hat. Dieselben ergaben ausser der Bestitigung einer Reihe der
heute gehorten hochinteressanten Thatsachen, dass namentlich auch
Statuen aus Marmor und Bronce stark unter schwefliger Siure leiden
und dass letztere keine Patina ansetzen, gondern nur schwarz und rauh
werden. Diese Thatsache ist fiir Kunststidte nicht ohn¢ Bedeutung,
wenn nutiirlich von weit geringerer als die hygienische. Letzterc wurde
von Ogata und L. Pfeiffer im Taboratorium von Pettenkofer sorgfaltig
durch Thierversuche studiert.

Mr. B. H. Thwaite (Liverpool) said that geveral years’ experience
had satisfied him that the cause of the black and noxious fogs of large
towns was the presence in the atmosphere of the volatile hydrocarhons
and the sulphaurous acid resulting from the imperfect combustion of
bituminous fuel. The presence of these constituents, by interference with
ihe solar heat and light, produced the lowering of temperature and the
reduction of chemical effect of the solar rays in regard to organic lifc.
He suggested for the metropolis the conveying of gas under high pressurc
from the coal districts in stecl tubes; the London County Council to
supply such gas to the inhabitants at a reasonable price, and thus
to initiate successful municipal procedure in the provinces.

Mr. Hargreaves Raffles advocated the collection and comparison
of statistics relating to town fogs from all large cities.

The following Resolution was moved by the President, and seconded
by Mr. Ernest Hart:—

« That the Section of Chemistry and Physics in relation to
Hygiene requests the President of the Local Government Board
and the Home Secretary to take into consideration whether
legislative measures cannot Dbe adopted to lessen the amount of
smoke produced from dwelling houses, and thus to diminish the
intensity and mitigate the evil effects of town fogs.”

'This resolution was carried nnanimously.
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ol Means for Preventing the Emission of Smoke, §e. 29 bf;‘ -

U 23 Seetion I, iy 41
? 1 and the gardens at the Tewple and elsewhere on his hanks rejoiced in 2

‘l, !}, The Means at our disposal for Preventing the Emission of Smoke - iln\\-(-'r.-‘-; zmd. sln:uhs luthvrt'.o .nflp.us.'slhlu in t]m.]stnolm-l:ul-vu :1?111().71)1.1(:1'(-.'
,a“ from Factories and from Dwelline Houses . I'he air of Lmulun. wis }('ll(f\l'il of nearly all the hlll?l\(! of hlc.tm Yy
SU: g ' » chimneys by the operation of these Acts; but the smoke from dwelling-

P " By | houses remained.  In the foggy weather of winter the great evils arising

i ;;';éf A T L ‘ from this latter source are so painfully brought to the knowledge

’11 Averep E. 1‘Ll'.l(‘lu-:n,.l*‘.I.(,‘., &e., LM s .C'h“'t Inspector under the by of every Londoner that he is un(:onscious) of the relief he has gained by

3 if Alkali, &. Works Regulation Act. 1he operation of Lord Palmerston’s Factory Smoke Acts.

Lo — @ L The administration of the Acts is placed in the hands of the Metro-

‘ i! The comulaints that have heen pais . politan Police, under the control of the Home Office.  In this, London

- e fr lﬂ' o ]' .'t' AV f" en raised Against the Dlack smoke Lo is distinguished from other parts of the country. Generally, the admini-
'-’}: 1 sl:l nz:'ntllﬁfil(l-u l-(mn( mlt,l:-::sml: :1 (:(ml d“ . lmtIul vesterday,  Nearly - stration of the smoke clauses of the Health Act of 18735 are in the hands
musance \‘:1:4. lu;t-n to be l'lltllll"(.'ll lzluul“"\l 11:)] atl J(:'](ll(il(-)t“ :]'.“t'..su-(‘lh ] l of the mngis.tm?vs or other lc.)c.'l.l sanitary =.m.thomty; and, as these are

Kine Bdward IL in the ver 13’1 G r]: s .“_ ’ “"_"‘ Isshe .’.‘ e f.)ft(‘.ll ﬂw..prmclpznl n{femlors,. it is not surprising that exeuses are found
> year L at coal-hurning should cease, i for allowing the law to remain in abeyancee.

The black smoke which rises from a coal fire consists of the volatile
matter which is given off under the influence of heat and yet has escaped
combustion. When combustion is complete no visible smoke is is-

and that if any self-willed citizen should continue the obnoxious practice,
and still contaminate the air with that foul vapour, his house should he
pulled down about his ears,

s
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PR R e o
R '-I‘his 1.)01'01111_)t01-_y order for a time sufliced to stop the objectionable charged ; the escaping gas consists then only of carboni¢ neid and f:,‘ J f"
o (11):1111(:111(1,; t(;t(1](:::}:::1?5‘,_Sln;:{i;ro(:?lil]l,.3;1;; q:'lo;r“:o;lfe ifs (fh(,t lnz-at(»(.l .it. 1:. * aponr of wntt.zr or steam, together \\:ith sonie sulphurous acid resnlting 1} ,;' 5
. , e At the mereasing searelty of . from the hurning of the sulphur pyrites in the coal. 15t 1
L “’00‘-1: ““fl t'l“’; "f’“"“"“"." of coal us a fuel, forced the latter again into e Visible smoke is the result of an imperfect combustion. The }i;?"[w f
: use.l_n S.l)lt(‘. of km.g and commons, for, in later times, we find Parliament ’ gaseous matter set free when coul is heated consists of various com- l ' g
Ao pctmon}ng the ng to issue an cdict to stop the burning of conl, which pounds of hydrogen and carbon ; when these are burned with a quantity
: !““l Agiln come into use.  Smoke, however, seems to have held its own of air insuflicient to inflame the whole, the hydrogen only is burnt, while ‘ J
. n S_plt-ﬁ of all =l.tt-elllpt-'- .Ht 1:(!1)1'essi011, although fresh efforts - were 4 the earbon remains in the form of the black matter or woot with whicl .
continually made in that direction. we are too familiar. This black residue is made apparent also when the ‘f”
In the year 1829 a select committee of the House of Commons was I combustion is rendered incomplete by deficiency of heat, even if there is ,v
appointed to inquire into the effect of the smoke from factory chimneys L a sufliciency of air or oxygen—as may be shown by introducing a piece l![;
on ﬂ.lc public health; and, in 1843, another committee was appointed to of stout copper wire into the flame of a clear-burning wax eandle.  The ‘4 :
; consider the ¢ means and (.expediency of preventing the nuisance of cold wire diminishes the temperature of the flame, and, rendering the ’.E."if '
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s Ten years later a determined step was taken 'by Lord Palmerston, . deposited on the cold wire and part rises in smoke from the top of the i
then Prime Minister. He introduced a Bill making it penal to allow = flame.  Or, again, combustion may be rendered incomplete if sufficient
black smoke to issue from any factory chimney within the metropolis or f i time he not allowed for the due mixing of the combustible gas with the _
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5 (16 & 17 Vict. c. 128). B There are, then, three conditions to e observed in order to effect -3
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, 1 volumes of smoke wholly out of proportion to their size, and factory },1 tempemtl-u'e at which sulphur will 1gmte‘ 1s' 111}1c]1 below that at which % *'5’
, - chimnneys in the eastern districts of London had filled the air with C{ll‘])()l.l will burn. Pure hydrogen also will igiteat & lower temperature F g
' Dlackness. Now all was changed; these chinmeys scemed to keep than is necessary for 11}'(11'00&1‘]30115.- These. and' the other gases which it Y
" perpetual holiday, though, indeed, the fires beneath them were never form the mixture given off on heating a bituminous coal require a heat ?? -‘f’i:'
” brighter, while Old Father Thawmes passed on his way under clearer air, approaching that of whiteness to ignite them. L ";
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here gaseous fuel was used 5 here the bhalanee was very i
. -as where gaseous : ases bei i
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- e - > i : ’ . k
" — o — r——— - - = [ =1 - — ) Y . l N 5 y .
- = = e e ‘ D ONN, ) and-stokine, to render the
RN - s S rRee avoid the evils inherent to hand-stoking, - " II '
g ofie — = = = 3 = Inorder to avo he fire in a more uniform 1 ¢ S
i = . o ° e e i "ol more constant, and 1o keep the ' In « g : ‘i;
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B 36 Section T, - - L A
N Means for Preventing the Emission of Smoke, &e. 37 ’t‘,ﬁ oy
:: I b . - . . ii :'é ’ K-
B xeess of the air supplicd for combustion, will afford 2 redueing atmo- A

E eXCess O ' ) " hasement of houses, willy T think, he found th 4 effectu ' i

it . . . . i S , S0 3 ¢ most effectual eure for 1

g 1) sphere in the furnace, and will urn as it eseapes either through the ; ? ’ ' , . . le ;ﬁ* ¥
DI . ) the great. plague ol town smoke.  Where this system is adopted, the A
2 dhs door or the chiimney with a smokeless flame. : » firos. 10 whicl I attaclul bt y‘,q-
S . wesend. open fires, to which we are so much attached, may rematn, hut ALY
ol It mav be confidently asserted that by the obscrvancee of the pres pen J AR : s M n, hu E5
RENE L - . . . . . R ‘ their use will be greatly diminished, while our comfort hoth in and ﬂ' i
Eaid principles heve laid down, and by the adoption of applianees now i . 2, . . . . . ot T
. ) R S . : ont. of onr houses will be Targely inereased.  Seeing that Dy this system 5 .
BRI frequent nse, the ceonomical ase of hituminons coal as a fuel may be o ) i > " o R .
S : . \ . o the carrving of coals about the Louse, the removal of ashes, and the e

- T condneted without the dischaiee of Mack smoke, S iy cloanine of 6 { U bl 111 ¢ li
SO . Lo ) o daily eleaning ol fire-grates would be mueh lessened, the use of gas as a AR L
R ITouse Smoke.—'Thus far attention has heen deawn to the preven- : L o o . 2 *«3

: ) . . . . : Coe : fuel can be vecomended for its economy as well as for its cleanliness. fey!
P tion of black smoke from manulacturing operations.  In many of om ; 4
Gl densely-peopled cities, however, the lionse ehimneys contribute more o e '

, A ) k ) ) - . e e DT e T

f , the pollution of the air than do those of factory furnaces.

EEN Many attempts have been made by introducing close stoves or L DISCUSSION.

difieations of our fire-grates to prevent the emission of smoke, but L .
me i " ! : s The Mayor of Muaunchester (Alderman John Mark) said that

ithere was now very much less smoke in Manchester than was ihe casc.
some years ago. Many cflorts had been made to improve matters, hut

our preference for the open fire, in whieh @ flaming coal is burnt, 18 &0
determined that it wonid seem thal smoke is inevitable,  Sir Pouglas

., o N -..—... . .-..' . e ° N " .. '-c . '; . N . . . .
b Galton has done good serviee by d VIsIng form “l_ open grate 1 }‘]'" h o improvementb had been ellected mainly in manulactories.  The Manchester
: asupply of air s so infrodueed as to assist greatly in- the combustion of ' authorities had offered special facilities to the inhabitanis to hurn gas for
the smoke that would otherwise have escaped.  Still there /s smoke, heating purposes.
o and that, coming as it doces from a thousand chimneys, forms a mighty L Mzr. Courtney (Chelsea) stated that he had in use a band-fired
BRI clond and an enormous pollution of the atmosphere.  One further ' furnace in which, by caveful attention to the reiafive quantities of air and

coal cmployed, no smoke was produced; and invited members of the
section to mspect ib.

et

L suggestion may, however, perhaps be made, for at any rate lurgely -
to diminishing this discharge of smoke while still retaining the open five,
A Let a hot-air stove, burning coke or anthraeite, he placed in the |

3

k]

g basement of the house, mud a copions supply of warm, nt not over- .
f aseme > honse, el @ copions Suppit arm, but L - O

3 heated. air be thrown into the passages and rooms.  This has the effeet R

of adding so much to the general comfort of the honse that the demand L

Demonstration of the possibility of removing the Smoke of
Fires from the Air of Towns and of using it for
Disinfecting Sewers.

on the separate fires is greatly diminished, less coul is burnt in them,
and less smoke is therefore given off.  The air, hefore coming to the
stove to be warmed, should be led througl a large filter-sheet of cotton
wool or otlier fibrous matter, to collect the dust and smnt. It is then

o
5
e
M

e Y

"

; : not likely to conveyv the burnt or charred smell which arises from the BY
: | scorching of the small pieces of fibre and organic matter generally to he

- - . - . - - » o b T h "l » g . RY B A b hl
found floating in it. As every chimney from the open fires Is carrying Dr. Smermax Derieine and Mr. Anerep B. Gouess.

up a large quantity of air, this air must be supplied to the louse
o through some channel.  Usually this is done by the leaknges at window

PR #,e.*__v.____.

or door, causing unpleasant draughts; or at night, when all is close shut,
this supply of air enters down the wunused chinmeys, bringing the
i : damp amd cold air from outside into the hedrooms, and with 1t a strong L

By meaus of a small quantity of water falling from a moderate
height (a few feet) it is possible to produce a displicement of a large
amount of air and to divert the smoke of a fire from a chimney into a S|

R D AL s e T R g1 o

and most unwholesome smell of soot.  All these evils are avoided by the G system of pipes running in any direction. i
P . LI . . - . e 3 rye . ¥ . '.‘ . s \ _-":.;'- - . .' . "‘.}._')‘ i
: i admission of a copious stream _Ot N ,'“"3“1 filteredt air into the house Lid By o very simple combination of channels and chambers the most AR -
~ . . I nrovide . . 0 . . - AN
5 through a channel properly provided for it. fluid parts of the sewage may he used for the purpose of displacing the 3 .8
b r s Gy Oy € - loce Jd 3¢ larvere]v TP N . . . ° . \ MR
N The use ‘of‘g.-ls as 2t smokeless fu.(l is },11 eely {o .hr. recommended as smoke and causing it to mix with the sewage (wherever a proper fall %é 1
o a means of diminishing the production of smoke; its employment for an be obtained by taking advantage of a natural disposition of the it ”‘5*
by 0 i1 oatino vy - f aths, &, 3 1 - advo- .. s s ARG
i cooking, .mna. of water for baths, &c. . annot, -l)(. too wurmly .uls.() ground, or by raising the sewage artificially). Any supply of water 31 oy
3 cated, and also its largely-extended use for heating our rooms, while i could also be nsed for the same purpose (? ¥ g
l.i d * - - . - ‘_: ' g e i “ & AT
R tlie eeneral warmtl of the house is maintained by a central hot-air stove. i . . , Thie : : SR
g o& o1 of chean ans. and e Tiberal e 1 i dwelline 4 ' A working n_mdel Wils 5110\\:11 by means of which the_ smoke of a 0 ;’
g A SpPRy neap gas, damit s Ahehd Hhe 4 2 “Hing- fi fire could be carried by, and mixed with, water to any distance from AR
houses, together with the adoption of coke-fed hot-nir stoves in the and to any level below that of the fire, .
% v 5
3 Y
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: 38 Section T, . Removing Smoke of Fires from the Air of Towns, §e. 39
- a8 0L . :
v
e
5] L . . . . . N B T N . v vt . S v . g
: - The following is a Drief deseription of the apparatus as shown 1n : Wiy o mllp()hlltll(])ll of the hll,\\.lg(, would he !(t.n(lul, and s value as .
: ot - -~ . v 3
o : . oureelrrer st vt _- a mannre would he inereased,
roks model form in the accompanying illustration, o
“, " [Note.—The apparatus exhibited and represented dingrammatically above was
L if-i 1 only an experimental one, the object heing to show the principle of the method as
LT i schematically as possible. I vepresents o ventilating shaft, and ¥ an outlet (for the
TR i watter charged with soot and other products) connected with a separating chamber,
] ii i of which a series has to be used,]
Co
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T o Wednesday, 12th August 1891.
| Hile S
" ° : - o The President, Sir H. Roscog, in the Chair,
.'_..: o _ ke :' : o J; <O
. Jid Bk The Chemical Treatment of Sewage, with special reference to
A g o
o g / -1 the Treatment of the London Sewage.*
g | /A ol BY
2 i A. Drenrsg, Ph.D., FR.S.
:'? E " ’:
; ' : e
.3 i
| T Sewage must, in the first place, be looked npon as a material to he
'...:‘.:‘_' F ! % . » - - . - - - -
Frtuntries " got rid of without injury to the population, and with the minimum
amount of nuisance, without reference to any profit that might he
Secrionan View or Moper. dcru‘c:l from 1?. | o
. - A s Lt serves s The sourer of The solution of the problem as to which is the hest method of
| A stove G, in which tarpentine is urnt, sevve ] cxeapes in sewage disposal is so complicated, owing to the different conditions
B - Ll 3 L £ - 1 L n- L L] " : - l](' 5]']() -" (.:‘]l l.l.'.(_‘: ! L - - . - pye -
; 511101\":_“1( stove ‘—1"“‘"“.‘ being "j‘l‘l" il 'j" ihl.li e fluc \\ communicating N obtaining in different towns, that no general plan can, or should, he laid
the ordinary way. From the stove a descending flue 4, ¢ 'l'hh 1A down, but each case must be treated on its own merits.
- . . - . . 2 : T ALY & " i . .
with the ehimney and ending in a valve B} ]'.‘"lb ‘,0 the sy ” Tre i Of two plans for the disposal of sewage, both equally effective, the
object of the valve is to prevent any regurgitation of sewel g;”‘"‘“ W “_l'; L cheaper should he adopted. ot
. . ol e : or exhausters . i "
. the apparatus is not at work. A number ol jef. pumps or exia Syt st Tor TR ST —— N ieoceps for the  ehamieal fres R
are conmected with the flue or valve in such o way that a large amount 3 (J".h‘“b-'"' I'REATMENT. Man.y procvesses for “"-. chemical treat- I
" . . AR T - of walor 4 ment of sewage have been brought forward ; but, excluding the proposed N |
of nir can De displaced under Jow pressure by a small amonnt ol water. 1 ) : : ) : : |
s ' ' . . his purpose by T electrical trentment of sewage, which has not yet passed its period of i o
*’ The water pumps used have been specially devised for this purpose b g - . _ A : i A
' : . : f S probation, and the action of permanganate, of which more later, they L P
2ot Dr. Sheridan Delépine, and arve based on the mode of action o \ _ ' . 1 L
AR ‘it ) ittent siplios 'I,'h(, constriietion of {he pump is such that a fall may all be said to depend on the action of certain salts of alumma and R
‘ 0y g siphons. * CONSIIUCTIC » D o . . . T EOEAE:
v 2; o(l)::;\' f11]1'(,\\'1inch(c: of water is sufficient to cnsure a rapid removal of iron, with or without the use of caustic lime. ’:_3 }
7 . - N > : & ‘ . v AT ) e m 3 .' ;’)a L a » .u NtH Tu” ) A . " L"'.'bl
the smoke-laden atmosphere, and the authors point out that the same The main dh:ct ot. such chemieal fl(.:lflllf?llt is " the more ol I s Eé i si -
) . . s _ ponee in level complete clarification of sewage, together with the removal of a certain jr A
; water ean be used again and again provided the difference 3 ! . . . by i
: hetween one set of m?n s and lh:: other is at least - ft. or 3 It Owing proportion, generally a small one, of matters held in solution. f‘k i
Ao to the difference flle‘.-(,} existing hetween the various parts of a system i3 The character of the effluent, in some measure, depends on the ﬂ :1
B (;. ne @ u.:,n(. l 0“ b S ] 1” ¢ 04 uscl Gltered sewage as i qou.l'(O(l of P condition of the sewage. Fresh sewage yields a Detter efiuent than i 148
B of sewers, 1t would be possible 1 * (L SCWEGE EE S e Py OWATE : CONSC soessity of s 1 tros he g
. power, and thus introdnee,_ at the same time into the sewage some of j foul sewage ; consequent necessity of some further treatment, ;gi e )
i the numerous disinfectant products contained in the smoke. In this 3 * This is the Abstract of a Paper which, owing to the Author’s illuess, could not ;, >
i be prepared for the Congress in full. i | %
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40 : Section }".

|
g Losvox Sewacr.—Difficelty of the Problem —Excessive volume
S of sewage to be dealt with, Size of wrea whenee it cones, and consequent
i length of sewers, and foulness of sewage when it arrives af the outfulls,
R System of London Secwerage.—Collecting sewage proper and the min-
- water in one system of sewers.  Unsuitability of land in the neighbour-
y hood - for sewage-farming, distance {rom the sea. Solution of the

-
r

Problem, as attempted by the late Metropolitan Board of Works.
. Chemical processes elarify, but do not remove much dissolved matter,
Evil offeets of excess of ehemicals used.  Consequent use of minimum
amomnt of clhemicals capable of clarifying the sewage.  The clarified
I sewnge deodorised by manganate and sulphurie acid. Resulting efiluent,
: inadorous and nearly clear, discharged into the viver mainly during ehb
tide. Portion of the river shoukl he regarded as a sewage-farm, does ifs
work in smaller avea, as cffectively and with far less nuisance than a
sewage-farm proper.  Destruction of sewage in river wud on farm due to
living organisms, but oxygen necessary.  The River Thames enpable of
dealing effectively with the efluent.  Consideration xhows that the river
R will be adequate to deal with cffluent for some time to come.  This
period can be prolongel by the proper use of manganate. Beneficial
‘;"“’7 effects on river of proposed treatment of sewage greater than the mere
: removal of suspended matter would scem to indicate. Destruction of
IR dissolved matter goes on more or less all the year round. Destruction
of suspended matter greatly retarded during cold weather, and nearly
._ the whole year’s produetion lias to be destroyed during sunuer.
T Swummary.—The plan adopted is far the cheapest. It will dispose
of the London sewage, withont nuisance, until Tondon has inereased
to from 8,000,000 to 10,000,000 inhabitants.

When that time arrives, only the sewage in excess of the quantity
apable of being dealt with by the river, will have to he differently
dealt with, with a corresponding reduction in cost compared with that
which would he necessary if the entire sewage had to he so dealt

-

with,

Capital, once expended, fixes the minimmm yearly expenditure ;
outlay for chemicals ean be increased or diminished according to
circumstances ; hience annual cost can he controlled.

- > @@ e

Chemical and Physical Processes employed in the Treatment of
P Sewage.

%':7 R ‘ . BY

Joun C. THrEsH, D.Sc.,, M.B., &ec.

-

3 The few remarks I have to make in introducing this subject will
W refer exclusively to water-carried sewage.

1 The character and composition of such sewage need not be dwelt
i upon, and the canges of its variation in character, &e. in diffcrent towns
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Treatment of Sewage by Chemical and Fhysical Processes. 41

requives only o he alluded 1o bricfiy, T the majority of towns the
sewers convey domestic sewage, manufacturing refuse, and rain and
storm water.  The domestic sewage may or may not include human
exerement.  The manufacturing vefuse will vary in character with the
staple industry.  Fhe rain and storm water chiefly affeets the sewage hy
inerensing its volume in proportion to the rainfall, and this occurs at
irregular intervals,  To avoid this disturbing clement of variation in
quantity, many towns recently sewered have adopted the “separate”
system of sewerage, conveying as much of the rainfall as possible
divectly into the running streams. Where this has been done, the
amount. of sewage fo he disposed of daily is a fairly constant. quantity,
and the diflienlties in freating the sewage are reduced to a minimun,
The great varistion in the strength and character ol the sewage in
difterent. loealities venders it impossible to devise any one system of
treatinent which shall be universally applicable.  Moreover, the degree
of purification required is not constant. Where the sewage can, with
gafety, be cast into the sea, or into the estuary of « tidal river, purifica-
tion need not be nearly so complete as when its ouly outlet is into &
stream which, a little lower down, furnishes the water-supply to the
towns and villages on its hanks.
The deleterions matters contained in water-horne sewage ave chiefly
“ grganie,” mud of two kinds, soluble and insoluble, the former being,
of course, in solution, and the latter in  suspension. The insoluble
portion, again, may be divided into («) living organisms : bacteria, &e.
and (D) dead organie matfer.
The relative importance of these constituents of sewage in reference
{o its purification is a subject which admits of considerable diversity of
opinion. It will, however, he admitted by all that where the effiuent
must pass into a stream furnishing the water-supply to communities
lower down along its course, no system of treatment will he satis-
factory which does not remove entirely any specific organisms which
may be present, and all fhe suspended impuritics.  The dissolved
organic matters also must he reduced to a minimum by precipitation,
oxidation, or in some other way. To cffect this a combination of pro-
cesses is usually resorted to, physical and chemical. A classification of
these is a somewhat diffienlt matter, inasmuch as certain groups overlap
the others; but the following will, probably, answer every purpose :—
I. Subsidence—
(a.) With complete rest.
(6.) During slow, hut continuous, flow.
Mechanical straining and filtration.
Chemieal filteation; or percolation through materials exerting
some chemiecal, or catalytie, action on the organic maiters.
4. Precipitation by the addition of onc or more chemicals. These

(LR S

may he—
(a.) Soluble, as the salts of iron and alumina; or
(b.) Insoluble, as clay, magnetic oxide of iron, and the various
kinds of c¢harcoal.
5. Electrolysis, or purification hy electrical treatment,
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42 Section V.

6. Oxidation and destruction of the organie matter by addition of

chemicenls.

7. Sterilization and  disinfection by the destrnetion of micro-

organisms, and the arrest of putrefaction.

8. Nitritieation, or the destruetion of the organie matters by the

action of the nitrifving organisms found in surface soils.

9. Irrigation, or the utilization of the organic matter as food for

growing crops,

In exceptional cases only is any one of these processes alone found
to vield sufficiently satisfactory results,  To attain such results, two or
more of them must be used in combination ov in succession.  Thus,
after the addition of chemicals to effeet precipitation, the precipitate
must be removed cither by subsidence or filtration, or by both, and the
cfluent may even require further purification, ecither by percolating
through land for ¢ nitrifieation,” or through specially prepared chemical
filters. Even where the sewage is passed onto the land, a preliminary
straining or filtration, or a partial clarification by subsidence, 1s frequentiy
resorted to; where it is not, the land itself will act as a mechanieal as
well as a chemical filter.

The various groups of processes may now he referred to seriatim.

1. Subsidence.—~Practically, this is ounly applicable as a prelimi-
nary to some other mode of .trentment, or after such treatment, or when
the sewage is turned directly into the sea or a tidal river.  When sewage
is allowed to stand, the grit brought down from the roads after rain
settles somewhat rapidly, carrving with it a little of the insoluble organic
impurity. The remainder of the suspended matter falls so slowly that
active putrefaction commences long before clarifieation is complete,
After the addition of certain precipitating agents, the suspended par-
ticles fall more or less rapidly. Most rapid clarification takes place in
sewage which has been rendered strongly alkaline by the addition of
lime, and in which, by « judicious seleetion of chemicals and proper
agitation, the precipitate is flocculent in character. When magnesia
salts are added, a much smaller amount of lime is required to produce
large flocenli.  In other cases, insoluble substances, such as clay,
ground coke, &e. are added, and, in subsiding, the particles carry down
with them more or less of the previously suspended matter.  The
rapidity with which the insoluble matters subside is of importance
chiefly as affecting the size of the tanks necessary for treating a given
quantity of sewage. Subsidence takes place most rapidiy, ceteris

partbus, when the fiuid is allowed complete rest.  The slowest of
motions along a tank retards the process. Very frequently such tanks
are provided with sercens, floats, dividing walls, &ec., which, from their
arrangement, retavd still further, instead of accelerating, the deposition
of the suspended matters.

2. Mechanical Straining and Filtration.—Straining, of course, is
only intended to remove the coarser matters which are washed down the
sewers. Filtration, on the other hand, attempts the removal of all sus-
pended impuritics. Sewage, unless previously treated by some chemieal
or other process, filters very slowly, and rapidly clogs up the pores in

.
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Preatment of Sewage by Chemical and Physical Processes. 43

the materind used, whether this he sindd, or chareond, or carth.  Most

Heerine materials, however insoluble in character, scem to he capable for
filterig ni fnls, : '

o time of removing, not only the suspended matters, hut 2 portion of .tlm

dissolved organic matter also,  With the ordinary sand and gravel filter

this action is stght and soon disappears, and mere filtration through

3 1if 4 Tm ) "y

derials does nothing more than elarify the sewage. 'l he numbe

such nu '
mistis may be enormously reduced, hui masmuch as fhe

of micro-org
coluble constituents of the sewage are unaffected, multiplication of the
remaining organisms oceurs with inereased mapidity.  No prnclica!:!u
system of sewage filtration e he relied upon o remove Slll'(fl]l('.
c;rg:misms or to sterilize the fhiid,  For the uhuvt: ICSONK, -lllirutum,
i.e., mechanieal filtration, can only he considered of real service as an
adjunet to some other process, ,

T Chemical Filtration—"This term is employed, for lack of &
hitter, (o the filtration of sewage through materials of an insnh.ﬂﬂn
nature, which, however, possess the power of withdrawing from S(J]llt-l()ll,
or otherwise of destroying, certain ol the ovganic constituents,  Animal
charconl is the type of sueh material, and the decolourization of o
colution of earamel and the removal of alkaloidal hodies from solution
when the fluids are passed through it are {ypical of the action of such a
filter. ‘The Rivers Pollution Commissioners found that filtration through
cither sand ora mixture of ¢halk and sand could purify - certain amount
of sewage, and that the process was essentially one of (}Xi(lﬂti?ll, t.he
organic matter heing to a large extent converted into carhonic acid,
“ water, and nitrie acid.”  Certain compounds of iron and manganecse
possess this power of causing oxidation in a very mueh higher degree
than sand or chalk.,  Besides this action, however, substances like
charconl act by withdrawing certain organic matters from solution, by
absorption or occlusion without at the same time necessarily causing
their destruetion.  This action, however, is Hmited, and of little practical
utility in sewage purification.  Spongy iron, magnetic carbide of iron
amd polavite (which consists chiefly of magnetic oxide of iron) are the
materials commonly employed in chemieal filtration, When the filtra-
fion is intermittent, so as to allow of frequent acration of the filtering
medium, the action continues for a considerable period.  Experiments
which have recently been made with polarite filter beds secem to indicale
that this substance retains its oxidizing powers for an indefinite period.
When sewage has heen previously treated either by subsidence or by
some process of precipitation so as to remove most of the suspended
matters, and as much as possible of the dissolved organic impurities, the
clarified sewage passes rapidly through the polarite filter, and if the latter
is properly constructed, a very considerable proportion of the remainder
of the organic matter is oxidised, and the efiluent attains a standard of
purity ¢ greatly cxceeding that prescribed by the Rivers Pollution
Commissioners.” This process is now at work at Acton, near London,
and at Swinton, near Manchester, and appears to give most satisfactory
resnlts.

It is highly probable that this combination of processes—precipita-
tion, subsidence, and chemical filtration—will in the near future be
regarded with the greatest favour.
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44 Section 17,

1. Precipitation Processes.—These processes are so well known
that it will be wnnecessary for me to do more than indicate the principles
upon which they are hased.  Precipitating agents are added for two
purposes—to canse rapid precipitation of suspended impuritics, aned 1o
remove as large a portion as possible of the impurities in solation. The
number of materials and of combinations of wmaterials which uve heen
recommended or patented for purifving sewage by precipitation is very
great.  Few of them, however, have proved of practienl utility.  The
salts of iron and of aluminium, with or without the addition of lime, are
the chemieals now most frequently emploved, and these yield the most
satisfactory results. In very few instances, however, is an effinent
produced of sufficiently high standard to permit of its heing east in large
volume into a running stream. To cffeet this, further purifieation by
¢hemieal filtration, or sterilization, or oxidation must be resorled o,
Tl London sewage, for example, after being precipitated is, daring the
hot weather, further dosed with an acid solution of potassium perman-
wanate to oxidize the more putreseible constituents which have escaped
precipitation.  There is, however, another important series of precipita-
tion processes which aims at the further purification of the sewage by
the absorption or ecelnsion or destruction Dy oxidation or reduetion of
the organic matter which wonld otherwise remain in solution. The best
known of these processes is probably that designated the ABC, from the
initinls of the three principal substances—alum, blood, and clay—used
as precipitation agents.  Here the blood, charcoal, snd clay added are
said to acl as absorbents, and to carry down with them certain substances
which would not be vemoved by the ahwonininm saltsalone.  Drs. Dewar
and ‘Tidy, who recently reported on this process, state  that it precipitates
“ 0 per cent. of the organic matter in solution, and of the residue left
“ in the effluent at least two-thivds are non-albuminous, and, therefore,
% of u nature less liable to putrefactive and other changes.” The
International Sewage Purification Company  treat their sewage with
“ ferrozone ” (a fancy name for a mixture of magnetic oxide of jron with
salts of iron, aluming, and magnesia). A process of oxidation is said to
accompany that of precipitation, but the eflluent is further purified hy
heing passed through a polavite filter bed.

Mr. Hanson uses as precipitants a mixture of lime and black ash-
waste. The latter is said to contain a considerable amount of sulphites
and hyposulphites, which, from their powerful reducing action, greatly
improve the character of the effluent.

5. Electrical Treatment.—Quite recently Mr. Webster has patented
a process for purifying sewage by electricity. The sewage is caused to
travel along a trough in which are placed iron plates connected with
the positive and negative terminals of a powerful dynamo. Water
is decomposed together with, so it is stated, a certain portion of the
sodinm chloride present in all sewage. Iron enters into solution, and
then precipitates a portion of the organic matter from solution, at the
same time carrying down with it the suspended matters, A further
portion of the organic matter is supposed to be oxidised by the
nascent oxygen and chlorine oxides produced. The amount of sludge
formed is said to De smaller than in any precipitation process, and
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the effluent to he purer, rendering further treatment by filtration unneces-
siry € except to remove sentimental objections.”  The process has heen
(-..\‘].)('l'i!ul!llia“‘\‘ tesiedd at Crossuess (with the London sewage) and at
Salford, and the experts employed have given very favourable reports
in hoth places, Extended series of experiments on a mueh larger
seale are, however, necessury to convinee the sceptical that this is other
than o roandabout way of producing a soluble iron salt to act as the
arecipitating and purifying agent.

6. Owidution of Organic Matters by Chemical Agents—Altempts
lave frequently heen made to destroy the organie matter in sewage hy
oxidising agents snch as potassinm  permanganate, but fhe success
hitherto has either heen limited, or the expense prohibitive. Iatents
have also heen taken out for oxidising sewage by forcing air through if.
Something more, however, than mere contact with air scems to e
necessary for the oxidution of the organic matfer. From experiments
made on a small seale in my Iaboratory, T found that a current of air
passed through a sample of sewage for three hours, possibly the maximum
of time during which sewage could bhe retained in the works for such
treaiment, produeed practically no effect npon it.  The suspended matter
did not afterwards subside more rapidly, neither was the dissolved
organic matter reduced in amount or apparently altered in quality,

7. Sterilization and Disinfection.—1In this group of processes the
removal of dead organic matter, whether in suspension or in solution,
ix only a secondary consideration, the object heing to destroy, as fur as
possible, all micro-organisms, and so to prevent or returd putrefactive
changes. Most of these processes are nsed but temporarily to prevent
nuisances arising in the hot weather. Clloride of lime, carholic acid,
permanganate of potash, and many other substances have been recom-
mendeil for this purpose. The practical utility of any such process,
except as a temporary expedient, is more than doubtful.  Unless
sterilization is complete the surviving organisms will rapidly multiply,
and even where the efiluent is absolutely sterile it may contain a large
amount of organic matter which, when poured into a river, will serve
s¢ pabnlum for the organisms in the river water and cause their
sbundant inerease.  No doubt it would he a great point gained were
we able to prevent specific hacteria from entering our streamns with the
sewage, but its importance is often greatly exaggerated. ‘Fhe water
of streams exposed continually to the action of air and light does not
seem to be a favourite habitation of such orgmnisms, and it is probably
much more important to avoid polluting the streams so as to render
them tolerant of such visitors than to merely attempt to keep them out
at those points where the processes cait e adopted. A process which,
whilst femoving the maximum .of organic matter from the sewage,
would render it also stérile and otherwise innocuous would he the
perfection of sewage treatment. Sterilization appears to be most com-
pletely effected hy the “ Amines” process, consisting essentially in the
treatiient of the sewsge with a mixture of herring brine and milk of
lime, The bLrine or some body formed by the action of thie lime thereon

-
Ty
w‘-v ~
by

.\.-,-.-..¢v,

‘S""v); [ R AP Ra Ro el

LT AR WU :
A TR IR NaNT, . iy

§ e
""“T 5' Y
-

BRIRE Tt CREE

S
ha

()

-

;v
i

g
brv

FRE U - Rt e S
y Lo

[Por
e n R

Lo
: TSy

"

Y APk v
o T A L

.
M
"“é’;" e

g
I e T R i T
gl LTy .

ek
40
‘Mm

n

b5y
h‘i-‘;_-::&:- i

=



i 46 Section V. Ei Treatment of Sewage by Chemical and Physical Proeesses. 47
LR . . . s " L i - :
g ih acts as the bactericide, and the lme ns o precipitant. “he efttuent . From the above results it appears probable that these organisms il
‘ i[? rosultine from this treatment, though sterile, is alkaline, and contains S nct almost exclusively on the ammonia of the sewage, oxidizing it to -'
it ,:.;, . ™ L. . ) . _-1 .. . . , " , \ _— VY s N sl i_-' )
;'j.ﬂ h much organie impurity in solution. nitrie aeid.  With too concentrated a sewage the influence of the nitrie | ;,} :
,a' :‘.é . .. ‘ . . . . . . . - 1' . . sy ye . 4 r‘“i
g Some time ago a metropolitan committee recommended the addition organisms may he diminished, and nitrites appear in the effluent.  The i
.':"5': ’ . D . . . . HY I DY T » 3 J o. 11 : aa. 3 -
LR of disinfectants to the sewage in the house diaing and small sewers to pitrous organism is, however, .(,-Il)ﬂl)](. of producing nitrous acid in ._{ |
e prevent putrefaction and evolution of @nses.  From time to time patents solutions of asparagine, milk, urine, and urea ; the last;mentioned heing i
‘f':-: ' H . T Y ogra ! : 1413¢- a0k Tur e reseiarehes 1 18 meeti Oy ‘-5
N ‘ have been taken out and suggestions made to enable cach honse to treat | the most difficult. t.o ;m.u.l;. Ifurthes ]l(!:-( .udu-_.s in tln.s. dllu.(,hon are iR
R . R caver Sueh arrneenients 2 oquire - what means the organic matter is dec |
P i s own sewayge hefore easting 1t nto the s \\.u. h.m b arvangeni nl.s. = f“l""“l,l‘? ascertain .a.\ \\lmt 1]11( l.ll 1.1; 01]? n;:t,llln 1tt(111- uf,ompos(d 2
i ; i may prove of serviee in isolated buildings with their own system ol in the 501 into ammoma «l]lll et ).?m(, acid.  Proba ly, as the meerococcus
e ,i sewers, unconnected with any other system, bt in other cases the = nree spllts.up urea, so ot er similar organisins may !)c able to deconpose
3ok I advantages are problematical, the more highly complex nitrogenous constituents of sewage,
$ fiyailidgts ST Lo -
i Hit . . . - 11~ . o H Y v * ' e . »
> !:; 8. Nitrification—Tn the process known as “interittent down- ; 9. lﬂrlut:M"- of *SU‘“.’{G “SIIIOO’Z Jor lg”’wmf C”’]’S:fm Broad
{ - - P . o“ : '_.'; ... ’ ._‘ . ! ) .-‘-' ’ ) : . ¢ nke S0 ! r -
'i’; ward filtration through Lind” the sewage 1s purificd («) by mechanic al i Irrigation.—Yor the 11"% hm.o tave had to make use of the werd
. * N . . R ‘f 13 M e - Y} .--.ro gl S1W SeWi 3 r
S filtration, (5) by chemical action of the oxygen oceluded in the soil, and : ntilization, for by hroad irrigation only can raw sewage he put to any
H * . ags » * - 1) - LI - [ Y] .-u i) . \ " ] ’ LT ST ]S » " ] Y L .‘ ’ [}
7 n‘! (‘f) by the :l(.'ﬁ(ll'l of ﬂ“. li\'.lllﬁ ]u“-]]y]ng ()]-g;nn_ql“g hmn(l m ;|ll fortile l)lql(,tl(,.l] ll.“s(;. :!‘ll lllalll_\ ()f the 1)!()L(,.Sb(h (l‘lll]](‘»l(lt(‘l there 1s 1)1 Ol]ll(,E(l
o surface soil.  On all hands it is now coneeded that it s far preferable o a sludge which .m'nmn(-m!'le :lat.t(-}n.p-ts have been made to convert into a
e to filter the sewage mechanically or to remove suspended matter by o manure ofTsnﬂ](-wntIy high fertilising power t.o command a sale in the
W precipitating agents hefore passing it through the soil.  As 1 mechanical market.  None of these, however, have met with any great measure of f 3
(i b filter the pores of the soil more or less rapidly become choked, and the SHCCOSS, S
& ate of filtration is in proportion reduced, neration is rendeved more Whilst nitrifieation or intermittent downward filtration through S
Wt difficult and less perfect, and the oxidizing action diminishes in energy. lan:d merely oxidises certain constituents of the sewage to nitrates, and RTSRE
‘ n Properly prepaved soils puossess in & most marked degree the property the latter run to waste, in hroad irrigation a certain portion of the Vo
T of purifving sewage. The action is essentinlly one of oxidation effected nitrate so produced is assimilated by the erops grown on the farm,  The SR
! i - - n ) ! ! n " ‘ . . - - - 4 - aye - - |"" . ’
: in part by the oxygen oceluded in the pores of the soil wd in part by proportion of the nitrogen so utilised varies considerably, not only on Tral
! P ', * * - - - . N . 3 . . 1 ') 2 - Tapy . ] » tap [ 3 - r 3 » IG.'.';' "," ‘
R the action of certain organisms which ocenr in great abundanee in such (llﬂ'fl("lll. f:ll ms, but on the Kame f:um from time to'tlmo. '1 et if only U
soil. The relative importance of these actions in the treatment of half the nitrogen can be saved, it is a larger proportion by far than can
sewage is a malter concerning which much uneertainty exists, but the be abstracted and utilised by any other process. g ‘ ‘?f-
o halance of evidence is probably in favour of the organisms discharging Broad irrigation, as at present conducted however, does not scem
-:' the most important functions,  Mimtz, in & recent communicalion to offer a final solution of the problem, how best to dispose of our sewage ? 0
Lo to the French Academy, states that he regads “the work of the In a few instances only has sewage-farming proved a success. With
’ % pitrifying organisms as confined to the oxidation of nitrogenous exceptionally favourable soil and situation such a farm may continue to il
: « matter to nitrites,” the further change of nitrites into nitrates being he remunerative for many years, but it seems very probable that there
Z‘ offected by the action of the oxvgen and carbonie acid in the soil, is a limit to this period. Yet such a farm, even if it does not pay R R
[ Warrington, as a result of his recent researches, includes the following expenses, may still prove much more economical than a process of RN
' in his summary :— sewage treatment requiring costly plant and machinery, and a large 7.;1‘_2':-.- I
e 1. The nitrifieation occurring in a mass of aerated soil is purely anmual expenditure in labour and in chemieals, and producing nothing - R
S nitrie in character. Soil readily converts a solution of nitrite but an unsaleable manure, R
into nitrate. o Apart, however, from the question of expense, many ohjections have RO i1 -
oo 2. Pasture soil produces nitrites more readily than arable soil. been raised to sewage farms on sanitary grounds. And lere again, as Lo
o 3. A clay subsoil, down to four feet from the sarface was found to with everything else connected with this subject, opinions dinmetrically ‘:l ; .
ST . b M . . "
o produce nitrates. -4 opposed are held and expressed. By one party it 1s said to give rise to '*a'i'?:{ LR
i : , - - . . . L . - ‘ 3 3 ,.‘ 0 . - . - - * * - HAY P
R 4. The nitrification effected by soil is thus explained. It is offensive and injurious emanations, to pollute the subsoil water, and ek i ;
EETI B . . i -, 2 Treng s 3 . . . - . IS EB RS, - -
HIE performed by two organisms, one of which oxidises ammonia : to favour the distribution of the ova of entozoa; whilst others assert ,3 '
R to nitrites, while the other oxidises nitrites to mtrates. : that in a properly-conducted farm there are no such emanations, that 53';’&
"; i-. < - 3 3 M Y - '} ra-ll.f ] g 16T : . s 3 hd bt r
AR 5. In soil, the nitric organism is equally as active as the nitrous. = the subsoil water is not polluted more than by the application of any e
o 6. "T'he nitrous organism requires no organic matter for its nutrition. other manure, and lastly, that there is no shadow of proof that disease i
R 7. The presence of ammonia is & great hindrance to the action of attributable to entozoa has ever been due to the consumption of vegetable : !
TR . . . g . REx
bt the nitric organism. i or fruit from a sewage farm, i
e 4 ’ B
; T 3
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A
) .';:::.;‘ 3
S R [ =it
A B
B



i

PR e - . L. -

s L AT st e LA & e, 4 P de Lo n T L

. L toyra £ ek . cem b g e A R LN N
SRR vy L1 HORTRE SRR Sl A R N R

involverl disastrous results.  In the case of sewage refuse, wlhen the land
is deprived of its natural requirement agricultural exhaustion ensues.
It is one of the laws of nature that plant life is required for the support
of animal existence ; and the converse is also true, that growth of animal
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; 43 Section 1, ! : Duty of Locality to Utilise Nitrogenous Matler in Sewage. 19
gt R
?’ : ‘; I have now meitioned all the processes ol practical value in seivaze : state of cultivation has procured large crops for the use of the inhabi-
‘} i treatment, but there are many others, su?h us.tlmms .n(ec(-smtatln::z tants, while at the same time they have been preserved from the
L T distillation, freezing; &e., which are so obviously impraeticable that i . incidence of pestilence, .
N '-1' would be a waste of fime even to enumerate them, o In consequence ol the inerease of wealth, and from other causes, , H
5 '1'} Do any of the processes mentioned, or any combination of such suclt as the necessity for protection against the inroads of barbarians, or ;' ," :
'::"i?? s processes, enable us to get rid of our sewage in sueli aoway as to give when a feudal baron had to protect himself against his next neighbour, %‘!’ '-
L rise te ne nmuisance, cause no danger to health, and this at s cost - F people surrounded themselves with high walls, giving up in this country a’.ii
t f:'} & suliciently tensonable, considering the importanez of attaining such ; the habits of their Celtie and Saxon ancestors, who had wiser plans for 1',_1
! 4 results 2 This is the «question T would sulmit to the Members of this the disposal of human excereta than their Norman successors.  Human d:l
,7 ; Congress, E refuse then hegan to be storad i pits and cesspools, hy whieli the subsoil
a in the towns and their immediate neighbourhood was polluted, and the ',. ,
3 > e progress of epidemies assisted whenever the meteorological conditions j
required for their manifestation arose, ' ";:j :
_ . . .. o ‘The earliest hygienie indications which are found on record are in '?
: The Duty of a Locality to Utilise the Nitrogenous Matter in its i the Bible.  Moses, the great Hebrew law-giver, ordered that human iy
. Sewage for the Benefit of the Nation, L exereta should he conveved to the earth, without the camp, and after the
v : BY 2 settlement in the land of Canaan, without the city, and all polluted - fyil
el articles, cither of clothing or anything else, well washed with water, |
R Avrrep Carevexter, M.D. i This law, established by a despotic authority, invelved two points, é
b | e e 1st, the agricultural use of human exereta and its immediate conveyuance A
Gy 4 to the soil ; and 2ndly, the absolute necessity of an abundant supply of
o The object of this paper is to show that loealities have duties to the water.
B nation to which they belong. It is not a sound argument to assert that L As culiivation of the soil was the main source of wealth to the
T the performance of these dufies may have an apparently adverse result Helwews, they soon beeame wealthy, and with riches came indolence
, for the time heing, by cansing considerable expense.  Some other and neglect of the Jaws laid down by Moses. They allowed their
5 course may possibly save the loeal authority an tmmediate capiial dwellings to be polluted, and prepared the way for their own overthrow
expenditure, but if that course be persevered in, it may lead to much loss by agents styled in Holy Writ “the armies of the living God.” That
_ and mischief to the nation.  The transportation of felons (the refuse of is to say, the murrain among their cattle, the blasting, or blight, and
K society) to the other side of the world, appeared for the time to save this - mildew upon vegetation, with the palmer worm, the canker worm, and
country much trouble, but perseverance in that course would have ; the caterpillar.  These were clearly the disease germs which have only

been scientifically demonstrated in recent years. It has been proved
that their powers of multiplication are promoted by soil, air, and water
polluted by human excrement, and when these pollutions are prohibited
by authority, and their causes prevented, the locality which expends the
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necessary capital is ultimately repaid a thousandfold.
Coming to our owntime, I venture to assert that a rate of a shilling
in the pound, if judiciously dealt with, may be incurred with the certainty

matter 1s necessary for the continned development of vegetable produce. b
The finits of the earth, which are expecially wanted for human subsistence,
require for their rapid growth the continned or occasional application of

I

i b ammonia, and various other salts, in addition to carbonie acid.  As the % that its value will come back again. It is necessary that this expen-
S density of population increases, the safety of the people requires that ; diture should be general throughout the country, in order that complete
: E the land should have greater and more rapid powers of reproduction, é results may be obtained.  The law in this country has now decided that
EA and nature has not heen regardless of this postulate. It is quite possible % one loeality shall not pollute another by casting its refuse outside its own
44 for a thickly peopled district to provide food for all its inhabifunts f: boundary. It has come to pass that the cost of sanitary works, though
, : without importing food stuffs. France, Hollund, and Belgium, and 4 great in the first applieation, has, in those districts where it has been
: T‘ more especially China; India, and .Tapzm, are instances in point. It is judiciously applied, heen productive of immense pe.mlnia.ry benefit in
; ‘ ‘ trre that faunines have arisen, as the result of war or of e.\:trenu-a nieteoro- the saving from sickness, incapacity from depre(,-.ufted mental and
Bl logical conditions, hut the fact reinains, that excluding these influences, muscular power, and early death. But while recognising the law as to
[ the land has grown, and can grow, produce sufficient to suppoit a cleanliness, the country generally has not awakened to the mischiefs
1515 5 densely peopled district. This has heen hrought about by the careful which result from a neglect of the other portion of the ordinance.
s‘ ’ ' application of the excreta of the people to the soil itself, and a high Human excreta is not as 2 rule conveyed to the soil, but impediments
=% ‘;’ are placed in the way of its ntilisation in this manner by many land-
i 1838, b
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_ 50 Section V. Duty of Locality to Utilise Nitrogenous Matler in Sewage. 51 i
i» # "ﬁ
oy . . . . . . o ‘i
1 owners and local authorities, with the result that agricultural produce ;h : 26 per thousand and arating equal to Gs. in the pound, more than 35 years ik #u W
o - . . 31 . 1 11 UL i ¥ L N!(,)(. - ';.‘- ! Y .':..: Y ) ? e " s {3 7 1 1 1 511 ;-’__:"-"‘
‘;; correspolingly diminixled, and while population 151 reasing thl(' ] “l ) ; ugn,] W il.H lnllu“wll h.} ﬂwrc ipital expenditure of some 600,000/, in sanitary i '}'f )
9 forel . Q0N thaewr i orks for : 30 Jsons. ortdnadly Ineressi : REY Y
# ks are rendered more sl more dependent upon foreign countries Lo th " 5 works for a popu ion o db,U'Uf) persons, griadually inereasing in numbers ;a / }:}
B R food supplies.  For more than 800 years human ordure has l)uuu' uainly as the expenditure went on,  The death-rate has averaged, for the past 'l;:j' 58
BRSO buriced in the carth or passed away into the sea, ory, Worse still, into our 1O years, IE per thousand, and the rating is at this moment 3s. 4d., though, 5" - oAl
ey 1 W . 4 1 e A . . : . . . R . . . . : bl E 1
T runnine streams. By these means * the avmies of the living God,” the 2 in addition to a high Metropolitan Police rate, a1 School Board, public L ﬂ
l"..‘l;' o ¢ ‘.. ° .V A veravrs 11 R * s g 'I]l(‘ a 1 : 14+ ] LTI 1 1(s avlse ¥y wafapnntl b L . ;'
e ! _ disease germs of modern times, have destroyed millions of puo[pl( 11.1‘ . l h.nh.~]~, ]]mlrhtl, llhlalll(]h],-.l]ll(ll {1111(19 pl}bh(‘, p.u}\:‘s for the 1'(9L10.1t1011 ot. the i B .'
1 ! prime of life, and nature has been avenged for the meglvcl-.o ] b:lll]l !lil:\ = pu:l]) ¢ have )u]en ('bi:l ) 11.5 wal 11 the district. .J.he expenditure on sanitary : R-"
i . . v wn ey erstins phadie Pl ‘orks gives a beneficial retar ; ity as well as A%
! BE law. Every human being discharges daily o many grais 01 phosphatic e works gives a beneficial retarn to t]‘w !oc.fllt) i well as to the nation, ?
dd :; salts, and of material which becomes ammonta. Anmonia if not at onee and has added much wealth to the distriet in which the works have been .i_.
1':,"| ‘li" . .ye . e . s . . ey 3e . . .- L P t ": " ll'? . . ‘I' :‘\
i agriculturally utilised is reduced to 1ts clements, carhonice acid m‘tmr_,(n o .uu(’(‘l out » N Y
i amld water, thus losing 95 per cent. of its agricultural value, while the i I'he people of Croydon have expended some 230,0004. in the pur- s

phosphates remain locked up in the cesspit, or pollute our water supplies.
Phosphates are wanted for our wheat and other crops, and should he
returned to the soil in the form in which they exist in human excreta.
Had this been done, as ordered by our carliest anthority on hygienice
law, the constant re-application of the salts would lfzn'n reacted, on the
principle of small profits and quick returns, to the immense advantage
of the people of the land. . .
There are several denunciations in Holy Writ, usuaily omitted in
our pubfic services, against those who pollute the walls of the ci‘t.y by
micturition. No one can pass along the streets of any town or \'lllzl.g(‘.
in the kingdom, after 10 o’clock at night, and especially :1ft91: the 1).11])11(_:-
house closi-ng hour, without witnessing the continuance of this act 1n our

chase of land for the purpose of sewage utilization during the past 30
years.  They were prohibited by law from fouling the Wandle river, and
injunctions obtained against the local authority hefore the year 1860 have
never been dissolved, yet the efluent from the sewage furm has heen
discharged into the Wandle, and the authority has been unmolested by
law ever since they applied the sewage to the land in the manner which
is termed broad irrigation, while the cost to the ratepayers (exclusive of
the purchase of the land) has never exceeded a twopenny rate.  What
have we had for this rate?  Improved health, the employment of a large
number of hands af improved agricultural wages, exceeding by five times
the number formerly employed on the same land, a large increase in the
amount. of meat and milk at the service of the people, and, so far, the
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nation ensured against the chance of evil from scarcity.  Surely these
results are far in excess of -the burden imposed. 1t is, in my opinion, a
national mistake to allow the continuance of waste in the face of such
national advantages.

Let me now turn to the condition of the Thames. It receives the
sewage of the metropolis, which is treated chemically at an immense cost
to the London County Council. The Croydon local authority used a

S own time. I cannot exaggerate the evil, or ity too lllll(:]l. to draw the
- attention of local authorities to the mischiefs which result from the con-
tinuance in our cities, towns, and villages, of this indecent habit. Its
denunciation in Scripture is not, in my opinion (as generally supposed),
intended to indicate a judgment upon the people at large, hut for the
; - - - L . e . '
- purpose of pointing out a breach of sanitary law 1n which the drankard

and the profligate indulged in Israel, as much as they do in Britain to-day.
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By this act the passer-by soon after may inhale a material capable of lime process when the sewage was first applied to the land, it being then

v providing a forcing bed for disease germs, and allowing of the production supposexl f_.o be a necessity of the work.  Some large sums were annually

: of some of those forms of influenza and other catarrhal disorders which expended in this operation, und nuisance was actually produced by the bl
o are so puzzling to the student in the etiology of epidemic disease, and . sanitary authority in the places where the tanks existed. These were B!
. < g = ) . - . . = . . _ . . IR Y
o are often the basis on which is established organic discase. Thesc 3 removed some 15 years ago, and the sewage has ever since been dis- R ]
- offences against decency are offences against the health of the comuunity, e charged directly upon the land, withont any other process than a rough |
P BN a . . K -, . ] ',.:- Frain: . (ST a1y e - \ o hy —re . ' .
. "a and are taking from the nation a power to return to agriculture that ¥ .st.mu.nng through wire guards.  The expense of treatment in tanks by RN
S which is required for the nation’s welfare, for the larger part of the L the lime process has been saved, and it has been clearly demonstrated hy ; Gl
i G aericultural value of sewage is found in the urine. The denunciation of " onr experience that such treatment is entively unnecessary. If fresh et A
o D ' , . . A e . . . . * . T, REOEatG-
o this act in Scripture is therefore called forth by a disobedience to 5 sewage is discharged immediately upon the land before putrefaction has o kg
T ‘ - Rt . . . . . . AN g
Ao hygienic Jaw _ A commenced, no evil will result to the locality to which it is conveyed. 5 L
:-~ —=: : o -. - o : 3 - . . A AR K EIY b ‘;‘ s & a 3 £} 1 . . .-.i LT 31 [N « 3 r » Y ':A.", ig‘ -"‘.:
! 1 ;| The habit helps to sprea(l infections disease. .It .llb? 1)1(,1)lu(,.--ﬂm : ? .s?\-\r.nge .15 ke p.t movn.lg at a tdlll}? dpld ate no opportunity for putre- ’f'v:’; , R
. way for fanine by removing from their proper place ingredients required : -lf,tl\, c..tctlon will be given, and the sewage may be conveyed 40 or 50 . %& 2y
T DI | . . ep s . I L. T X : it v olnc . . e ’3 i fotv: . . b e B
2o 4 for the nourishment of plant life in their most available form. It is ¢ miles in either closed or open comrses with safety, provided that the K ] ‘J
CI A . . - 2, - re 3 N e . : QITIE A1 3 - 1 -y ra KAl A
HLE often said that it will not pay a locality to utilize ifs sewage 1n the : closed mains are kept filled with moving sewage. _ Pt ;__
R . . . : N . . : . \ | sy:, . i ) S .
i manner which I advocate, that to spend a sovereign in a way only likely : ; Let me apply the principle of this form of utilization to the sewage Tr ]
5 S to bring back ten shillings is economically wrong. This might be so if of London. Take the population at about 4,000,000. The average 5]
HE there were no other contingencies to he considered. But let me put before agricultural value of the refuse of each individunal may be roughly I
VIR you the results of sanitation in my own fown, Croydon. A death-rate of D2 e
l:" ;J . - ',
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32 Section V.,

estimated as equal to that of a sheep for the same purpose.  This has
Dbeen put at 5s. per head by competent aunthority,  Assuming this to he a
age of London isworth, in the abstract, a million
a vear, independently of the national advantages which woukd result from
it utilization. Let us assume, for a moment, that these advantages
would justify the nation in guarantecing the interest of 3 per cent. on
90,000,000/. devoted to such a purpose. If that amount were judiciously
expended in promoting the Canvey Tsland or Maplin Sy’ scheme,
together with the erection of pumping stations at favourable points on
the present colleeting sewage ontfalls, with covered rising mains convey-
ing the sewage to high lands bevond the populous distriets aronnd the
metropolis, Immense areis of Dbarren, uncultivated land might be con-
vorted into farms, producing luxuriant crops, and large agricultural
populations would be provided with the means of subsistence, while
increased supplies of milk, meat, and vegetables, would be at the
command of the prople, and, =0 far, there would bhe diminished seareity
of supplies in the event of complications with foreign nations.  This
would help to bring about the effects which are expeeted to result from
the principle of allotments, now =0 strenuonsly urged upon Parliament
by the advoeates of healthy employment for the people.  The estuary of
the Thames would be freed from a condition which isa standing disgrace
to a civilized community, and which, it persevered in for another hatf
century, will inevitably damage the navigation of the river, aml con-
sequently the trade of the port of London.

Seven or eight years ago I acted as one of a committee for the
eroction of a third lunatie asylum for the county of Surrey. Wearranged
for the utilization of the sewage of 1,200 inmates by broad irrigation,
The area irrigated is absolutely within a stone’s throw and in front of its
principal entrance. I append a letter received from the medical super-
infendent as to the result. I may add that the asylumn hag reeently
passed out of the care of the Surrey magistrates into the hands of the

London County Council.

London County Asylum,
Cane Hill, Purley, R.5.0.,
April 4, 1891.

Dzean Dr. CARPENTEER,

. - . . - - - -

No report on the result of our sewage utilization has been recently
published. The sewage, as you are awarc, is disposed of here on the
land by gravitation. The process is simple in the extreme, one man
managing the whole affair.

1. The health of the population of the asylum is unaffected in
any way. Not the slightest discomfort or nuisance arises from the
land irrigated, and this although it immediately adjoins the Brighton
Road.

2. Ttalian rye grass is grown in large quantity, and is consumed as
summer feed by the cows and horses. The portion irrigated is cut for
two years, then ploughed and cropped for the two following with roots
(mangold) and oats.

3
.
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Duty of Locality to Ulilise Nitrogenous Matter in Sewage. 33

‘ 1“ + l.‘ . DKL 1 ]

..i. Financially, there is considerable profit, as the stock wonld
require a mueh Jarger arean of land il fed by grazing, or clse a large
ontlay for some substitute for the rve grass )

Amount of land irvigated, nine

gated, nine acres,  Asylum population, 1,25
No effluent. . i B
Believe me,
L _
Yours very traly,

N Javnes Moopy.

Abcut 20 vears ag y aster of | i i
L At 200 ]¢ID(}, the burgomaster of Dantzig, with a deputation
om {he governing - of that city, visi ! i

]- governing body of that eity, visited Croyvdon, and inspected our
W ere a1* I s L3 al®. ) o 5 1 3
sewage fam. As a consequence of that inspection and of other infor-
|ln:|l|m| :li:(;rclml to them, a sewage farm has been established at Dantzie
l‘(“ y 'l ' ..‘ H L] 1) M ¥ LJ . a ! y ( ‘ D’
v publish a letter from the manager of the farm.
i Danzig Sewage Farm,
-7 + {’ \' ] f] . )
i | - September 1, 1890.
1HAVE heen f ‘ing, wi oat. interes i
i ollowing, with great interest, the acconnts in the
‘imes” of the meetings of the Suanitary Congress, and I cannot help
writing you to confirm, from my experience, the views which you have
T, e K8 v netaTlic g ’ '
expressed, viz,, © the establishment of a number of sewage farms would
“ e better. It wo i i wasting the .
. . It wonld he more desir te i
more desirable, instead of wasting the sewage,

-

[13 1ict 3 "3 4 Y 3 :

‘ to distribute it over an area where it could fructify. With people so

‘ X o L] N 1)
much in need of meat and milk as "W i imi

) af ilk as Londoners were, it was eriminal to

destroy such a valnable means of production of those commodities.”
I have no doubt whatever the County Council will soon find itself (,0111
'li:ellu:[ to do something hesides pollnting the seaside as wcil as tlu;
Ml‘llll):]::;a,:;:::](}l :mol)pit‘(:n])?ﬁ:,ngl::i:?IIE]:)IP 1m:ule than by ?:ll'l‘_\'illg out the
. . anvey Island scheme. T am confident the
l:(‘hlllt would e satisfactory, and that other sites would soon be offered or
found. Tt is to me quite incomprehensible that the Council has tak ?l
no opportunity of viewing the Berlin sewage farms, which (le‘i;.-)it; t;Ii
fn;){-:nous 0111;1:1)', arc a most complete success, If, the 1,:790;3)00 illlb
mbifants amd ratepavers are quife agreed as is oy it is w X
while looking at. l()1.11' farm lzal'eeiuo]l)(::ii:]:'?q ﬂ;):;: “*1' :1: llt . .
by a great number of authorities from all ?)ar;s; 0f 't.h(: ]\.'-rloi;dﬂ:?"}t"eﬂr
wonder as well as interest, for year by year the 1'esults’ are 111,01"'2(1:- :il'lg
f:lf:tOI'.\’, financially as well as :\gricult.umllv. Only last Weelk we Mlt-ls-
tained o large party of visitors from Austria, who werla very m 'e-II‘_
:lstctnished to find whole plantations of Edel:\'eiss and to f‘h.'}inll{milL 1
«apital red currant wine which is so much esteeme:l here -)1'0(11 ' 1"6
the sand of the sea shore by the utilization of the Da’nlzri :g: ( o
Asparagus continues to be one of the hest paying product; g-uﬁd ‘(:)ge.
mands a much higher price than that produced on t.?]e iIl]Elll(l"-i'?il(l'lllq w
Yours respectfully : ai y
Alf. Carpenter, Esq., M.D. IASI:.]\}%I}AIE:(II).fdlthfun}:

.In addition, I may add the testimony given by Dr. C. E. Saunders
Medieal Superintendent of the Sussex C(;untv Lunatic .Aq-vlu;no ““%‘TI"I'S:
thc.congress of the Sanitary Institute was sitting at Bri;ilton-] t '1“?“‘
he invited the members to view the irrigated I:mﬁ at H:l;\\"ll'(l,:l ;Ié":]“
H.e stated t.hut_ the food grown upon the farm had all lJee;l (:(;IlSllll‘IC(;.
directly or indirectly, within the asylum, and he pointed to the comj
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5 Section V.

paratively low death-rate at the asylum, and the absence of all zymotie
maladies as a clear proof that the fond used was free from all dis-
advantages.

I propose to deal with the objections that have heen made on

sanitary grounds to sewage farming in a second paper.
Sty - G ——- - "

The Power. of Soil and Vegetation combined to destroy Disease
Germs, and so to prevent the Possibility of the Spread of
Enthetic Disease in consequence of Sewage Farming.

BY
ALFRED CARPENTER, M.D.
e tp @

At the meeting of the International Medieal Congress in London in
1881, T had the privilege of introdneing to the notice of the members
the subject of sewage utilization by means of irrigation. I submitted
nine propositions, and the evidence upon which those propositions were
based, viz., the practieal experience of 21 years’ personal observation
upon the Croydon sewnge farms. A further experience of 10 years
gained by closely watching the smne farms (the aveas heing increased)
Las fully confirmed every word put hefore the great assemhly of 1881,
No essential part of that evidence has been successfully assailed, and
every word might be repeated here if it could be done withont loss of
time. I will renew the propositions, 0 far as they hear on the power

of soils fo destroy the germs which in other positions are capable of

spreading infectious disease.

Proposition 1.—That the judicious application of sewage in close
dwelling-houses does not depreciate the health of the
A continuation of the table then given of the vital statistics
ddington and of the hamlet of Wallington will afford

proximity to
inhabitants.

of the parish of Be
proof of this contention.

BEDDINGTON.
— T e wmdor | Dot Sl | T V)
! £ ] A

1582 - .t 2485 | 17,689 64 6 3 18 | 257 | Nome. | 72
1883 - .| 2531 | 18582 | 76 10 9 31 | 300 | Nome. | 122
1854 - o— 1912, 76 § $ 27 —_ 3 —
1885 - .| — | 19238 | @62 5 4 26 - 2 —
1886 - .| — | 19684 78 9 8 31 - 6 -
1887 - .| 2950 | 203251 %2 8 8 25 | 24 2 84
1888 - -| 3000 | 20280 | %72 4 5 o3 | o 1 76
1889 - -1 3030 | 20056 58 3 3 12 | 19° | Nome. | 39
1800 - -1 3950 | 20216 61 6 6 16 | 187 2 | 49
s - S~ 202037 — — - — — — —
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?fl"’, i . s ] ;
WALLINGTON. " i
, I Rate- Deaths . l
_ ]?ilr):llnlu.' able | Births. | under D?{l.ﬂ'lsj Total ! Birth }Zymotie; Death !
1 Value, 1 year. | OV l'().-])t':ltlls.‘ rate. | Disease.| rate, o
- 5 4
e : ‘ 7
1582 . o 2007 | 21012 | s9 12 16 43 29°5 ° Nome. | 1473 SR
1888 - S| onoss | 22578 e 5 8 3 24'5 | Nome, | 071 ‘{*Jf
st - | = |2l e 10 8 33 - 2 4 8
N8 - | — | o2asss) 85 9 19 48 _ ) -
188 - - — | =580 110 8 14 33 - 1 -
1887 - b w000 | 281721 101 9 7 35 2075 + 71
1885 . -1 ss00 | 261207 72 10 19 11 13 4 74
‘! 1
1889 -1 B600 | 26176 98 8 ¢ 13 37 17°5 ¢ 3 66
] i
1800 - -| 5000 | 20707 | 100 U 35 00 6 50
1801 - o= jwmm| - ] = = - = = -
1 ]

It will be observed from this table that the population has inereased
in & very rapid ratio, which is the more manifest when compared with
that of 1861. The census of that year gave a population for the com-
bined districts of 1,557, and a rateable value of 11,700/ Notwith-
standing the existence of the sewage furm within the distance of less
than a mile from the extreme limits of the district, there has heen a
rapid inerease in both population and rateable value.  The high birth
rate has naturally raised the death rate, quite independently of outside
influences, and the zymotic rate includes diseases such as whooping-
cough, which eannot. be laid to the charge of the farm.

Proposition 2.—That the judicious ap'plication of sewage to land
will satisfactorily cleanse the effluent water, and fit it for discharge into
any ordinary rivulet or water course. Recent analyses of the Beddington
eflluent, show that after 31 years continuous application of sewage to
the same Jand, there is a persistent power in that land to deal with the
applied sewage as satisfactorily as was the ease when it was examined
by the River Pollution Commissionersin 1867, as reported to Parliament.
It may be that the eflluent has not heen at all times equal fo these
analyses.  Errors of management, absence of manager, great rainfall,
cleansing of carriers after haymaking or grass cufting, and the flushing
which has to take place after sach cleansing, tend for the moment to
make the effluent chemically less satisfactory ; but in no case has this
been more than an aceident, which can be, and has been, easily remedied.
I need not labour at this proposition. Its truth has been abundantly
demonstrated at other places besides Croydon, though not over so Ion.g
i period of time, and chemieal analyses of a highly satisfactory kind have
been published in the sanitary journals.

Proposition 3.-~That vegetables from fields continuously irrigated
by sewage are satisfuctory food for man and beast; that animals fed
mainly on sewage prodnee are as healthy as animals fed on ordinary
agricultural produce. I prove this by the emphatic statement that no
evil effects have heen shown to have followed from the consumption of
the food which has been grown upon the 600 acres of land irrigated hy
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56 Nection V.

the Crovdon sewage, or on the 1,200 acres irvigated by the Birminghum
Corporation.  The immense quantities of food in the way of meat and
milk resulting from these large areas must have shown evidenee ol their
unsoundness, it any had really existed,  1f, in addition to this, I take
the evidence afforded by medieal superintendents of Tunatic asylums,
cuch as that given in September by Dr. (. 1. Saunders at ITaywards
Heath, and Dr. Moody at Cane Hill, it will not e necessary to write
more to refute the imaginary notions of thoxe whao assume that sewage-
grown produce must e unwholesome.

Proposition 4.—That excretions of those suffering from infecfious
and epidemice disease, when distributed upon Jand, as in broad irrigation,
are immediately rendered innocuous. If rightly dealt with they cannot
spread such diseases o those emploved on the farm, or injure those who
consume the produce, or set up similar disease in those living on the
confines of the farm.  No evidence has heen addueed to contradicet this
proposition. T append extracts from the reports of the medical oflicer
of health, who, acting for the rural sanitary authority, was not under
the jurisdietion of the Croyden authority, and  therefore gave an
independent. opinion.

Mr. Cressy reported (Lady Day, 1883): «J have to report for the
“ vear 1882, an immunity from fever of every kind.  The arca reported
 ypon includes an asylum of 170 girls from 8 to 16 years of age, which
% fas a remarkable freedom from zymotic disease.”  This paragraph
refers to the Beddingion Female Orphan Asylum, a building containing
nearly 200 occupants, and placed at the south-west corner of the farm,
separated by a small hrook from fields frequently under irrigation; and
4 north-east wind earries with it any miasma produced by more than
lLiadf a mile of irrigated land.

In 1883 there was no outbreak reported except one, which the
medical officer considered to have heen cansed by polluted water.  There
were two cases of enteric fever resulting in one death.

Tn 1385, six cases of diphtherin were veported as arising in South
Be:llington, in houses at a high level on the chalk (a point the most
distanl in the parish from the farm) traced to local sanitary defects.

As to 1886, Mr. Cressy reports: “ There has heen no outhbreak of
« zymotic disease. A case of diphtheria did arise which was imported,
% but there was no extension.” Mr. Cressy, taking a survey in con-
cluding his report says:  The district has been very frec from infections
disease.”

In 1887, two cases of typhoid, one heing fatal, were reported, aud
referred to dirty hand-flushed w.c.’s. “The record, as far as infectious
Jisease is concerned,” says, Mr. Cressy, “ speaks for itself.”

In 1888, he says: “I find the health of my district even hetter
than last year.”

These reports corroborate the view put forth in 1881 to the fullest
extent. It is true that a new medical officer of health has heen recently
appointed, who signalised his first report by a suggestion that as he had
heen unable to trace an outbreak of searlatina in the Beddington Female
Orphan Asylum, it might be produced by emanations from the Croydon
sowage farm. This opinion is not supported by evidence worthy of
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eredenee :—-(1.) I{ it were true, searlatina must have continnously affeeted
the inmates of the school, and but few, if any, of the children sent there
would have eseaped the disease, The Jate Mr. Cressy’s reports direetly
contradict. this theory. (2. There are living on the farm several
families of ¢hildren ; most of them have not been affected by searlatina.
(3.) Considerable numbers of children at Hackbridge on the west, and
at Waddon on the east, have never snffered from scarlatina; and the
Sonth Norwood district of Croydon, which is close to the South Norwood
farm, has been singnlarly free from this disease as compared with other
districts, and even with other parts of the borongh of Croydon where
searlatina does not exist to anything like the extent found where there
are no sewage farms.  Tlis clearly shows that the germs which promote
the spread of searlatina are not multiplied in areas devoted to broad
irrigation, and it may be fairly assumed that the allied zymotic disorders
are not capable of propagation from such areas, otherwise those diseases
would he found 1o he more prevalent among the neighbouring residents
than elsewhere.  Thisis cortainly not the case at Beddington or Norwood,
or in the neighbourhood of any other sewage farm with which I am
acquainted.  Yet cases of searlatina do ocenr in the horough of Croydon,
in sufficient numbers for me to say that in no single month in any vear
have the excreta of searlatina patients failed to reach the farm at
Beddington.

Surely this evidence must be conclusive. I contend that the excreta
of infections patients are not capable of spreading infectious disease
unless they have undergone a zymosis, which eannot take place if the
excreta are cooled at once, aérated as they are on the surface of the soil,
and brought into contact with the humus of the earth and the rootlets
of the growing crops. An experience of 31 years has not produced any
evidence to contradict this proposition. Sewage must be kept near to
the surface of the soil o as to have the advantage of sunlight, air, and
vegetable life. If sewage percolates deep into the soil out. of reach of
air and light, the ova of disease germs may he preserved ready for use
upon some other opportunity, and possibly earried away in the efftuent
water. It is requisite, therefore, that ova be destroyed as well as the
germs themselves. This destruction is best eﬁ'ected.by vegetable life,
and the means whereby this comes about are most numerous on the
surface of the soil itself.

In close proximity to the north-western border of the farm 1s the
populous village of Mitcham. Hear what Mr. Marshall, the medical
officer of health, reported to the rural sanitary authority in the spring
of this year. ¢ Considering the amount of sickness at the beginning of
the year as due to the prevalence of the influenza,” and at the end of the
year to the “ severity of the weather, I think the mortality very moderate,
“ a5 was also the amomnt throughout the year of zymotic disease.
“ There has been in the district scarlet fever of a mild type, and only
“ one death is recorded.” .

Birth rate for year ending 31st March 1891 - - 29-51

Death rate ’s ’ ’ - - 1193

- The population of Mitcham is estimated at about 12,500.
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38 Section V.

Proposition 5.—When examining into this subject some years ago, I
carried out a series of observations upon the power of rye grass to deal
with the organisms found in sewage. A cubic yard of soil from Bed-
dington was placed in a confainer and sown with rve grass,  The seeds
were treated every day with sewage dressings, and the applieation con-
tinued until efflucnt appeared at the provided outlet.  The applied sewage
was of the ordinary chareter; but ocensionally urine, swarming with
bacteria, was added.  Microscopie examination of the eftluent failed to
discover any of these organisms in the lquid, even after it had leen
kept for three days.  The best time to see the reason of this exemption
is about the time at which the plant comes into flower. It the surface
of the field is then closely examined, it will be seen to be covered by a
felt like mass of minute radicles extending from the plant af the point
at which it is attached to the soil.  As the sewage is applied, the rootlets
ceem to be endowed with life, to become mobile ; the bacteria adhere to
them as they pass with the sewage through the living filter, and if these
rootlets are examined through a magnifving glass, the germs are seen in
an hour or two to disappear from view, as if digested by the plant itself.
Hence Uhave presumed to apply fo rye grass the term earnivorous.

It is by this natural process that the ova of disease germs are
removed from the sewage, and the efftuent satisfactorily ecleansed. A
similar result ocenrs when vegetable life is not active.  The ulmic salts

in the upper part of the soil have an attraction for living organisms

similar to that existing in living vegetable root fibres. This humus is
only to be fonnd on the surface of the field, and this is the reason why
sewage must not be allowed to filter deep into the soil. Intermitfent
dowmward filtration is not safe in its results, because the cleansing power
of the humnus may be overtaken, and disease germs escape with the
effluent.

A microscopic examination of the soil from Beddington, showed
myriads of iving organisms within the first three inches of the surface.
At a depth of one foot there were found not to be more than a tenth
part of those nearer the surface. At two feet deep they were much less
nnmerous; at the depth of a vard they were sometimes absent altogether,
though the surface had been irrigated, more or less, during the whole of
the vear preceding that in which these experiments were carried out.
The bacteria found in the soil evidently feed upon the organic matter
contained in the sewage, and change it info clements fitted for plant.
use. It is thus that nature protfects ns from the natural consequences
of animnal existence. We have only to see that the laws of the universe
are obeyed, and we then escape from the incidence of those diseases
which disobedience entails. At the same time we grow increasing
quantities of food for those who produce the sewage.

The proposition, therefore, is—Sewage when kept in motion and
quickly brought into contact. with soil and vegetable life is ¢changed in
a direction contrary to that which is necessary for the propagation of
disease germs. It has heen asserted that parasitic diseases are spread
by sewage farms. T persistently searched for evidence of this?hefore
the year 1875, and have continued my observations since. I have not
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met with eases of tenia solivom, or tape-worm, in Crovdon ; there is no
evidenee of its existence in the case hooks of the medieal officers report-
ing 1o the destitution anthority (Board of Guardians).  If cases had
existed, some notice of them must have heen found. I placed 1 mass of
evidence on this point in the hands of the late Dr. Cobhold, and invited
him to come down and examine for himself a large herd of oxen about
to be slaughtered, which iad heen bred and grown on the Croydon farm,
Dr. Cohhold at that time was in bad health and could not come; hut, in
a letter to me, he withdrew the eharges he had made snggesti ssible
evils :lf-t(&ll(l:lll,t on the ost:nblishmvnt%f sewige farms. iEgeriing possibe

A microscopic examination of the flesh of those animals did not
show a particle of evidence in support of the allegations.

To conclude, T have put before you a survey of every point bearing
on the hygiene of sewage farming, and I elaim to have proved that the
utifization of sewage in the manner indicated is a national advantage.

- mm— e T e e -

DISCUSSION.

Sir Henry Roscoe hoped the discussion would take a purely
scientific direction. He regretted the absence of Dr. Dupré on account of
ill-health, as he bad undertaken to bring before the Section the present
mode of treatment of the London sewage. He, the President, had not
been an advocate of the mode of treatment adopted by the late Metropoli-
tan Board of Works and continued by the Liondon County Council, and
he therefore the more regretted that the subject could not be fully dis-
cussed. The President called attention to what he considered a most
admirable report on sewage, which had just reached him, by the State
Board of Health of Massachusetts. From the most elaborate series of
experiments, both chemieal and bacteriological, made upon the system of
intermittent filtration, & most important fact was brought out which had
hitherto been overlooked, namely, that in the process of the filtration of
gewage through sand the action is not merely a siraining out of the
suspended particles, nor is it & merely chemical one ; but by far the most
important action is a purely biological ong, inasmuch as each grain of
sand appears to hecome the nucleus of a peculiar condition of the nitrify-

ing organism, the activity of which brings about the nitrification and

purification of the sewage applied to the filter. Air is absolutely neces-
sary for this process of purification, and hence the importance of the
filtration being intermittent. He believed the Section would be interested
to hear the results of this important investigation, and that the Sgction
wounld congratulate this American Congress on the remarkable ‘work
which they had carried out.

Mr, H. Alfred Rochling, C.E., said: Difficulties with the Leices-
ter sewage, where he had been connected with the public works of the
town, and where since 1855 almost every known chemical process had
been tried and had signally failed, had forced the subject of sewage
farming upon his notice; and the Berlin farms being the largest in
existence, he had very carcfully inquired into their working since their
establishment. The Berlin Municipal Anthorities, and especially Herr
Marggraff, the Commissioner of the Farming Committee of the City
Council, had generously placed a large amount of information concerning
the farms in his hands by supplying him with plans and the yearly
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reports, from which he had abstrncted the following information : The
total aren of the irrigation farms has now reached 18,796 acres, bnt of {his
total only 7,942 acres ave sewaged ab present; the rest is being prepared
as necessiby ocenrs, the drainage of the ity being extended every year.
The land is buonght when a suitable opportunity ofters, and is farmed in
the ordinary way until required for the disposal of sewage. The 7,042
acres sewaged at present are all in the four original sewage farms, which
have an area of 11,016 acres ; nearly all the sewage-treated land is nuder-
drained. The following details vefer solely to the four original farms :
In Berlin all the liquid refuse from the houses goes into the sewers and is,
together with some portion of the storm-water, lifted onto the farms by
powerfnl machinery. The two sounthern farms are about 12 miles, aud the
two morthern farms only about six miles, from the heart of the town.
During the yecar 1889-90 (from 1st April 1889 to 3lst March 1890, the
official year) the sewage occupied abont 10 to 12 hours in traversing the
Jistance from the pumping station to the southern farms. The subsoil
on the farms is chiefly sand, pasging in places to sandy loam or loamy
sand. There are three different modes of applying the sewage to the
land, viz., in sloping grass plots (broad jrrigation?; in nearly level beds
(filtration); and in perfectly level tanks (filtration). In broad irrigation
the sewage enters the plot at the top, £lls a small trench, and flows in a
thin layer down hill. In filtration the land is divided into ridges abous
one yard wide, separated from each other by a trench, the ridges being
generally planted with root crops, and the sewage is allowed to fill the
trench only, in which it has to stand, getting sideways at the roob of the
crops but not coming into direct contact with the plant, and filtering
away into the subsoil. In winter, when the ground is frozen to such a
depth as to make irrigation impossible, the sewage is turned into large
earthen tanks in which it stands till it has all disappeared in the subsoil.
This mode of application is limited only to fimes of scvere frost, and the
area on which it is practised is only abont one-twentieth of that specially
prepared for sewage treatment; as might be expected, it does not purify
the sewage to such an extent as either of the other modes. The expenses
in conmnexion with the purchase and laying out were as follows (up to
31st March 1890) :—

Purchase, 401, 9s. 9d. per acre; distribution of sewage, 131, 9s. 10d.
per acre; laying out, 8l 12s. 9d. per acre; draining land, 6l Is.
per acre; sundry expenses, 41, 9s. 6. per acre: Total 731 2s. 3d.
per acre.

The total quantity of sewage disposed of on the farms since their
establishment has been 350,673,798 tons; and though they have deait
with this large amount, the Jand does its work to-day as well as ever it
did before. The farms were practically not complete till 1885, and in
the first year of complete farming (year ending 31st March 1886) a profit,
in managemeni only, of 1,5091. was realised, whilst in the year ending
March 1889, a profit of 11,5111 was realised. If annual payments for
capital expenditure arc taken into consideration, all the profit of course
disappears and is, indeed, changed into a Joss ; but even then it took
only a rate of from 082 to 097 of a penny in the £ of the rateable value
of property connected with the sewers to make up for the deficiency in
the years 1885-90. The total expenditure for sewerage and sewage
disposal works has now reached the sum of 4,080,440I. Professor
D. Salkowski, of the Berlin University, has carried on a systematic
investigation of the efiiment waters from the farms, and has made
altogether 296 analyses (up to 8lst March 1890) ; from these it appears
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that grass plots (broad irrigation) have abstracted 93:89 per cent, of
organic pollution—as expressed in parts of permammganate of potash—
and 98:15 per cent. of organic ammonia; beds (filiration) have abstracted
92:56 per eent. of organic pollution—as expressed in parts of perman-
aunate of polush—and 97-72 per cent. of organic ammonia ; tanks have
only abstracted 82:60 per cent. of organic pollution. In connexion with
the sewnge farms the aunthoritics have established a perfeet system of
recording not only all deaths but also all eases of sickness. Bebween
1885 and 1889 the average population per annum on the farms was 968
men, 825 women, and 327 children, or o total of 1,580 (61 per cent. men,
18 per cent. women, and 21 per cent. children) ; hut of the total grown-
up male population of 968, 850 are ‘ correctionists ™ (strect loafers, &c.)
impoverished in health. The death-rates per 1,000 for all classes were
11-24 in 1885, 9'22 in 1886, 1483 in 1687, 6:79 in 1888, and 481 in 1889.
Tor the seven prineipal zymotics the death.rates per 1,000 were 4°32 in
1885, 3:69 in 1886, 4-15 in 1887, 113 in 1888, and nothing at all in 1889 ;
or, if the cases are enumerated, there were in this period (1385 to 1889)
seven deaths from scarlet fever, nine from diphtheria, one from typhoid,
and three from diarrheea, all, without exeeption, among children under
15 years of age. In 1889 there was a somewhat scvere epidemic of
typhoid fever in the city of Berlin, but not one case of typhoid fever was
reported on the farm.

Dr. J. H. Gilbert said that, dismissing the subject of the methods
of chemical treatment of sewage as a means of purification or of utilisa-
tion, as of comparatively temporary or limited utiliby, he would confine
his attention to the application of sewage to the land. The two questions,
of purification and of utilisation, must fo a certain extent he viewed
separately. If the position of a town were such that sufficient land for
utilisation could not he obtained or reached without prohibitive expense,
in most eases enough might he available for purification to the extent
necessary to allow of the eflluent passing into a river. Sometimes more
or less utilisation mnay at the same time be combined. When, however, .
utilisation is a prominent object much more land is essential. But if, as
should be the case, the application is mainly restricted to the growth of
succulent crops, the arca necessary would be much less than were the
arrangements made with the object of including the growth of ripened
crops, which require, and will bear, much less water. Af the same time,
assuming the scheme to be specially adapted for the growth of succulent
crops, and mainly for the production of miik and meat, more or less land
might sometimes be devoted within the area to the growth of grain or
other ripened crops by limited irrigation, or by the use of the manure
of the animals fed, if this be not made to contribute to the sewage. So
far as we at present know, the purification necessary to allow of the
effluent being discharged into a river is reached when practically the
whole of the soluble organic nitrogen is oxidized into nitric acid ; and in
our climate it would only be for short perfods of the winter that this
result would not he sufficiently attained under proper management. A
question arises, however, whether—although all the nifrogenous com.
pounds were oxidized—all injurious organisms would be removed, and
this is a point requiring further investigation. Buf obviously it would
be an advantage if the organisms effecting the several stages of the
nitrification process werc not removed, but passed into the river. There
can be no doubt that, although purification is of first importance, utilisa-
tion for sneculent crops, which would take up the manurial matters more
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62 Section V.

or less nlmost the year round, would according to the degree in which
local conditions, cost of distribution, &c., permitted, greatly increase
the production of the important foods, milk and meat, and more or Jess
that of uther products. Yet, it was hopeless to suppose, that by the
return of the constituents of scwage to the land, our country would be
able to produce all the food required by the population. Cost of distri-
bution must limit the area irrigated and the crops grown, und there must
be waste of manurial matters, more or less, according to the local cir-
cumstances. But all the produce that ean be obtained is so much to sct
oil against the essential eost of purification ; though it would probably
be only under very exceptional local conditions that a direet profit on
the outliy for removal, distribution, and management, ceuld be expected.
Application of sewage to the land, however, was undoubtedly the hest
known means of purification, and, notwithstanding the necessary limita-
tions to its general applicability ns manure, so fur as present experience
wocs, it also promised the best result so far as utilization was concerned

Colonel Jomes, V.C., agrced entirely with the remarks of the
President on Dr. Thresh’s paper, and stated his view of the practical
question, * Will a sewage farm pay?” As regards the London question,
he referred to the Canvey Island scheme, and challenged Dr. Dupré and
his co-fellows of the Royal Society to reply to his article in the
¢ Fortnightly Review” for July 1886, stating that the present state of
the Thames, as evidenced by the medical officer of the port of London,
and a petition from Woolwich recently presented to the London County
Council, was now worse than on any previous occasion.

Mr. G. H. Bremner advocated the application of a process of
aération to sewage.

Dr. €. R. Drysdale expressed bis gratitude to the former speakers
for their remarks, and especially to Dr. Carpenter, who might be called
the father of sewage-farming in England. It was from England that
France and Germany bad first learnt the value of sewage-farming, but
those countries had now, so far as ihe capitals were concerned, left us
far behind in the matter. Paris and Berlin had Jarge irrigation farms in
very successful operation, and the resulis obtained there made it still
more distressing that London should be so supine in this matter, and
o on pouring 180,000,000 gallons of sewage daily into the river instead
of employing that fertilising process in the raising of meat and milk for
the inhabitants of London.

Mr. T. J. Perry (Camberwell) advocated the adoption of the
radial method of distributing sewage as opposed to centralisation.
London should be divided into 12 districte, cach of which would produce
about 17,000 gallons daily, storm-water being dealt with separately.
Although in favour of the system of irrigation where applicable, he would
not himself care to live' near u sewage-farm.

Mr. W. €. Sillar detended the A.B.C. process for removing
sewage, now in operation at Kingston-on-Thames, regarding it as a
better and more practical system than irrigation, and pointed out the
great demand for the manure thus obtalined. He denied the statement
that ammonia and phosphates were added to the manure to increase its
value. )

Dr. ¢. . Saunders insisted on the absence of nuisance or other
dangers to health in the proximity of a sewage farm when the sewage is
properly dealt with by broad irrigation. He objected to the introduction
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of a commercial element into the discussion, us the scientific aspeet of
the case should not be mingled with the commercial.

Dr, Alfred Carpenter stated that the crude matters are first
removed from the Croydon sewage, and the latier then passed dircclly
on to the land.  With regard to the statemert that people would not care
to live near a sewage {urm, he pointed out that there were many villas
around the Beddington farm.

Dr. B. Haughton was prepaved to provisionally support the use
of sewage by spreading it over sewage farms, but did not consider all
localities suitable for the purpose, and hoped the day would come when
the dry method would be perfected, and the so-called sewage system
would be superseded by the no-sewage system.

Alderman Boulton (Corporation of Burslem) stated that the
irrigation systemn had been adopted at Burslem with great success, buf
deprecaied the fuct that the land obtainable for this purpose was always
sold at much higher than the market price.

Mr. Cripps (Tottenham) pointed out that the system mentioned
in Dr. Thresh’s paper as being in use at 'T'oftenham had now been
given up, and that Tottenbam had paid a fine of 30,0001 to join thu
Mctropolitan sewage system.

—_——— o LEI e ————

Thursday, 13th August, 1891.

e
The President, Sir H.-Roscor, in the Chair.
__,.._..—‘-..’—-———.-.—

Kritische und experimentelle Studien dber die hygienische
Bedeutung des Kupfers.

VON
Professor Dr. K. B. LEnymany, Vorstand des hygienischen Instituts,
Wiirzburg.
e e S P —

Scit der Mitte des vorigen Jahrhunderts beschiftigt die I{upfer-
frage die wissenschaftliche Welt. Bis zu den fiinfziger Jahren dieses
Tahrhunderts war das Dogma von der hohen Gefihrlichkeit des
Kupfers trotz vereinzelter Widerspriiché unbefangener Beobachter
(z. B. Ellert) allgemein acceptirt, dann folgte eine gewaltige Reaction,
die in dem Satze gipfelte: ©Kupfer ist kein Gift.” Namentlich
Erfahrungen practischer Aerzte iiber die Ungefiihrlichkeit der An-
wendung selbst hoher Kupferdosen bei der Behandlung von Croup
waren unvereinbar mit der Lehre von der hohen Giftigkeit.

Die sorgfiiltigen Arbeiten der letzten Jahrzehnte, unter denen
namentlich die von Toussaint, Galippe und Du Moulin genannt sein

ot G, A
e Tl e
o e L Y —
. .

S

—<ts

T




%37

R as LA, RSN 3% "SR

T i B

i gty Benl A

.
N iy ot

oatnan s

4

T

YD

PR L LI

A aind

SARLGRL L

Wy a1 Tk

'y

e s b b ks A o b S E . RTINS
P i hogii AN X Ll
e e i s e = -t -
T . > I - L

o
" i

1
.

-

-t

E Y

Ll
T e

g wili sphpuesshreenaerte e
b

wle

ﬁ“..n‘.k.--..'.;;l:‘.‘l..‘._‘ Len

L]

LA o e
o oram

[ RO ST

TS
-

[P
H T

[Tty

TR i oL DA

R T s
BTN

64 Section V.

migen, haben weitere Klarung selracht., A, Gautier's verdienstvolle
Selpift % Lo Cuivee of le Plomb” hat in weiteren Kreisen maassvolle
Anschanungen iiber die wahre toxicologische Bedentung des IKuplers
71 verbreiten gesueht,

Derselbe Autor hatte anch mit Bouchardat anf dem hygienischen
internationalen  Congress in Paris 1878 die Reverdissagefrage 2u
behandeln, die er im Sinne cines Compromisses zu 1osen vorschlug
Rs sollten bis 18 mg. Kupfer (die gerade fiiv Krbsen hinreichende
Menge) pro Kilo Gemiise zugelassen werden,  Da - Bn.hmen 111(-111'
Kupfer zu ihrer Griinfiarbung bediirfen, als Erbsen, so sind jetzt, memes
Wissens, 40 mg. Kupfer pro Kilo Gemiise in Frankreich zugulasstzn.

Aber trotz dieser Aufklivungen findet man noch in den weitesten
Kreisen Unklarheit in der Kupferfrage.  Wie weit die Ansichten unter
hervorragenden Aerzten  und Toxicologen noch  anseinander g(‘]l(‘l.l,
boewies aufs Klarste die fast endlose Debatte der belgischen Acaudemie
1884, die iiber die Frage des Ministers enthrannte, ob ein Kupferzusatz
zu Nahrungsmitteln als gesundheitsschiidlich zn betrachten sei.

Du Moulin vertrat, von cinigen Collegen nnferstiitzt, die These :
s Kupfer ist kein Gift” bis in alle Consequenzen, wurde aber von II(:I'
Mchrheit @berstimmt.  Doch gingen die Ansichten seiner Gegner welt
auseinander, es fanden sich alle denkbaren Abstufungen der Beurteilung
des Kupfers von der échten Cuprophiobie bis zur kritischen Wiirdigung
der wirklich nachgewiesenen Schidlichkeiten neben cinander vertreten.
Dor Beschlnss lautete: “Es sei dem Minister zun empfehlen, jede
¢« Anwendung von Kupfersalzen zu Speisezwecken zu verbicfen, da sie
« gehidlich seien”¥

Die Darstellung aller Autoren leidet unter dem in der Litteratur
stets hervortretenden Widerspruche : '

So viele therapentische und experimentelle Erfahrungen scheinen
vine relative Unschiidlichkeit des Xupfers bewiesen zu haben, danehen
enthilt his in die allerncueste Zeit die Litteratur fortwilirend vereinzelte
Rerichte iiber scliwerste akute Vergiftungen durch relativ geringfiigige
Kupferdosen. Die Unsicherheit der Verfasser der Lehrbiicher tfritt
auch in den gerichtsirztlichen Gutachten immer wieder zu Tage. {chh

die Frage der chronischen Kupfervergiftnng wird von ‘den meisten
Autoren olne rechte Ueherzeugung verhandelt.

Bei diesem Stande der Frage schien es mir erspriesslich, mit
einigen Schiilern noch einmal ein vorurteilfreies, grindliches experi-
mentelles und litterarisches Studium der Kupferfrage vorzunehmen
and ich Toffe bei der Section Interesse fiir eine kurze Darlegung der
wichtigsten Resultate zu finden. Auf die Wiedergabe von Einzelheiten
und eingehender Litteraturkritik und Litteraturcitirung muss  ich
natiivlich hier Dei der Knappheit der zugemessenen Zeit verzichten.

* Tine Substanz nenne ich im Folgenden gesundheitsschidlich, wenn sie in den
Dosen, in denen sie in den Korper gelangen kunn, cine unverkennbare, wenn auch
leichte und voriibergehende Stérung der Gesundheit bedingt, giftig, wenn sie schwere
storangen oder den Tod verursacht. Man hat vielfach den Forsche‘rn, welche .dic
Giftigkeit der Kupfersalze lengneten, die Aunsiclit zugeschriehen, auch ihre Schitdlich-
keit zu lengnen ; 0 weit ist aber kaum einer gegangen.
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1.

Da hier nur von der Okonomischen Bedentung des Kupfers
gosprochen werden soll, so ist vor Allem anzugehen, welche Xupfer-
mengen  dureh den Ilaushalt diberhanpt in den Korper gelangen
kinnen.

Wir brmchen bei dieser Uceberlegung  den natiirlichen  nicht
unbedeutenden Kupfergehalt zablreicher Vegetabilien  nicht mit in
Rechnung zu zichen, da derselbe hygieniseh offenbar ganz hedentungslos
ist.  Es interessirt uns nur der Ueberschuss iiber diese normale Menge,
wie er anf zwel Wegen in die Nalrung kommen kann,

1. Durch absichtlichen Zusatz von Kupfersalzen :

a. zu Gemiisen zweeks Griinfirbung (Reverdissage) ;

b, zu Mehl, um seine Backfihigkeit zu erhélien, das Ausschen des
daraus gebackenen Brotes zu verbessern und seinen Wasser-
gehalt zu vermehren,

2. Durch Nuchlissighkeit :

«. unpassende Verwendung reiner Kupfer- oder Messinggefiisse
hei der Speisebereitung, d. h. Stehenlassen saurer oder fetter
Speisen in Metallgefiissen nach dem Kochen ;

b. Verwendung ungereinigt  stehen  gelassener, griinspahnbe-
schmutzter Kunpfergeriithe.

Es handelt sich um exacte Angaben, welche Mengen von Kupfer

auf diesem Wege in den Koérper gelangen konnen

1. Durch absichtlichen Zusatz:

a. In Gemiiseconserven sind gefunden in 1 Kilo:

(1) von Riche und Magnier de la Source :

m Iorhsen - - - 16 Milligramm Kupfer
in Gurken - - - 18 ” ”
in Bohnen - - - 35-45 "

(2) von Gautier :
im Durclischnitt efwa GO
im Maximum 125
im Minimum 16
In Deutschland fand soeben Mayrhofer etwa 25-35 mg. Xupfer im
Durchselmitt in vegetabilischen Conserven.

Die hochsten Werte, die bisher gefunden wurden, sind :

184 Pariser Laboratorium, Erbsen.
180 u. 270 Chatin u. Personne, Erhsen.
200 Cronquist, Stockholm.

Wo Angaben vorhanden sind, heisst es meist, dass der Geschmack-
sinn diese Kupfermengen nicht entdeckte.

Um zu bestimmen, welehe Kupfermengen sich in Gemiise hinein-
hringen lassen, ohne dass sich der Xupfergehalt dem Geschmacksinn
verriith, habe ich absichtlich Gemiise mit Kupfer bebandelt und ihren
Gehalt analytisch festgestellt.

Erbsen mit 186 mg. im Kilo schmeckten noch gar nicht nach

Kupfer.
” 244 ”s haben keinen Kupfergeschmack.
i . 1838, b6
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i L k
e | _ Widerwitlen erhitzt, hald nur heisg cingegossen und (24 his 7 mal 24 Stunden) :
N Jpr it G314 i i ‘erde oen ohne derwille . 7 .
Tl Frbsen wit 634 mg. im Kilo werden n il : e stehen gelassen, Von den 15 hicher gehérigen Versuchen sei I'I
R veaessen,  hahen aber wider- o i’ R i
IR T AU Haltend N el nus erwithnt, dass 100 ehem, stark ranziges Fett (Ranciditit 9) {a .
EFE YT sirticen  anhaltenden vach- . ) . ' . : B
T warlig ) in 14 Tagen 87 me. Kupfer aufnahmen, Es war hier das o .
(R Rt coschmack 5 P SEEEY
3! i il ]h‘ 8 l] ¢ ‘i eutic] 1 ind Fett nur heiss cingegossen, 1 1%
AT I T, o, 1 Kilo schmecken abschenheh und sin ) L . X it oK
,-H: Bohnen mit 710 mg Achnliche Mengen wurden durch einstiindiges Erhitzen anf 160° e A 2
ST sniesshar o (e e .\ it 4 gh
ik il ungeniesshar. ] . ‘L Vepsicherune und 2estiindiges Stehenlassen erhalten, e el -
R Es bestiiticen und  erweitern also diese Angaben die Versicherung o . ) eIy
I RERHI N 2 D Frbsen mit 180-270 mg Schliesslich wurde eine bBlanke Messingschale von 90 ¢bem. Inhalt R E
Lyl Gallard’s, dass or und andeve Personen an Brbsen mit 180=270mz. ' 1 pcii e _ : Ll
CEru . ek ) . Kt Tl o £ nm. hoeh mit Butter von der Raneiditiit 10 eingerichen und LA o
s ia Kupfer im Liter nichts geschmeckt habe. R 2 . epe . IR,
P BRI . : e 1 r uro Kilo. doch ist 24 Stunden im Zimmer stehen gelassen, das Fett firbte sich el g
R L b. Im Brot <sind schon gefunden bis 130 mg. pro Kilo, doch g - : o . j 2 _ pi ]
i, A o von K unfereoselnmack. sehon diarel seine intensiv bliulich griin, Hieranf werden 50 ¢hem. Butter von y ‘; 3
yhan solches Brot, obwohl noch frei von Kupfergeschack, schon h s - G AR . aker el
ARV - g Ranelditiit 8 cingegossen und  wieder 24 Stunden stehen ge- I i
i % 1 - -5 F o B o V- A
ek griintiche Farbe auffillig. 3 lassen.  Untersuchung wic oben ergibt 5 me. Kupfer, also in L L
R Y ey ~ = Wunferculf: e ASSC1, ISUC rie oben ergibt . er, ¢ IR
R Es sind iibrigens etwa 12-15 mg. (= 50 mg. Kupfersulfat) nach 3 100 4 I 5 ot g 8 pier, : . .{:,]
) - !.- - . . vt g ST ) K SDCIN., HIIeral i 1. . o L
P Bruylants ein vollkommen hinreichender Zusatz von unverkennbaren chem., 10 anligramm Auplel d :.,.
Lt S . - hri 3 b .ds " N N . ‘ * ;. o . ) o~ 'T_. .; )
Ly und vorziiglicher Wirkung, wenn man gendthigt ist, sehlechtes Mehl zu . c. “'7(;111 (k: IL) 3 - o . - 1158
S verhacken In Glisern, die je 2 Liter sauren friinkischen Landwein enthielten,
Lol K ) : . Yrep . . - . R
vty g 2. Durch Kochen oder Aufhewahren in Xupfergefiszen : tauchten 600 Quadratcentimeter Kupfer- resp. Messingblech ’
RN «. Bouillon : bald ganz wnter, hald ragte ein Stiick Bleeh iiber die Ober- '|
T o (1) Reissuppe, 24 Stunden in Messing stehend enthilt nach Mair fliiche empor.  Es zeigte sich, dass hei heransragendem Blech Fhd
g o in 1 Liter 24 Milligramm Kupfer und sehmeckt sehr sehilecht, mehr Kupfer in Losung ging und dass aus Messingbleeh etwas i g
Ty -, coniesshar mehr als ans Kupferblech aufeeldst wurde. g
S kaum geniessbar. I o |
ST (2) Eigene Versuche: 1 Liter Wein nalim beispielsweise aus hervorragendem Kapfer auf .
Ve z. In einer Messingpfanne wird 1 Pfund Fleisch mit 1 Liter Wasser In 24 h. ; ) } 21 me. Cu.
- T . * . oy &3 e Y ~{2 -
oA und entsprechend Salz 13 Stunden gekocht, das I leiseh Lieraus- In 7 mal 24 h. - . - 56 5 o
i s \ 0 Brithe auf cine i aufeefiillt und nun in . .
R gebommen, dic Brithe ]‘l"i (""i, L;tex‘;*m:,stf lon Geschmacl Ucher den Gesehmack kann ich noch folgende Angaben machen :
i apr A » stehen gelassen. el 24 stunden esehmiek . . .
der Pfanne s¢ vl e cb Nae) Wenn 1 Liter Wein (als Acetat) enthilt :
anverindert, in 1000 chem, 18 Milligramm Kupfer.  Nach 1
’ oo Klicl Gehalt., : Tigenschaften.
48 Stunden eriinliche Farbe, Geschmack fast unmerklich )
, fort. i 130 0 ol 36+ 8 Milli 1 Kupter 50 mg. Kupfer - - gut geniesshar,
- -erindert, in chem. 368 Milhgramn ' C .
L verandert, 11 ' © Boui 1]1 . o] 100 ,, ’ - - zeigt schwachen Nachgeschmack.
. siner 7 T: absichtlic it etwas Bouillonresten stehen - .
D B. In ciner 7 Tage absichtlich mit efw 1_1 ; o 150 ,, ’ i - kaum genicsshar, starker Nach-
- H . . . g 7100 oTU1sN: wdeckten Moessie-
S gebliebenen sehr schmutzigen, grunspaim < g seschmack.
". - ’ -"'- .I g 3 * . T o » ". 3 3] . - - L] -
Lo pfanne wird der Versuch wiederholt. Gosclmac 200 ,, ” - - ungeniesshar, leicht blaugriinliche
A . - . sschimack
. Nach 24 Stunden blassgriin, 40 Milligr. Kupfer eschimack Farbe.
St ‘LTJ e 1 1."] i - = Kunt 7¢ schwach, etwas ]
L Nach 48 Stunden deutlicher griin, 58 mg. Kupler, } . 1 eeschmack. d. Essig (kalt) :
: . ‘ - - - » . r Y a A M £ . "- 1 )‘
S Der Geschmack wird also etwa von 40 Milligramm im Liter Versuchsverfahren wie bei Wein.
ooy . 5 inzene® zusesetzt wir in Liter nahm auf :—
L 4 Bouillon an unangenehm, wenn kein Griinzeug® zugesetzt wird. Ein Liters
3.. '. V'EV'- b. Fettv:
S Bs warde in blanke Messing- und Kupferschalen von 100 und Herausragendes | Heransragendes
HE 75 chem. Inhalt 75 resp. 50 chem. ausgesclimolzenes, filtrirtes, Messing. Kupfer.
. kochsalzfreies Butterfett eingegossen. In den verschiedenen — _
KR S Versuchen wurde hald stark, Didild schwach ranziges Feti n 24 I 61 mg 55 mo
HE T . . . . = - - - - . o
ST verwendet, dasselbe bald 1 Stunde auf 120-180° in der Schale
R In 7 mal 24 h. - - - - - 195 ,, - 185
* Bei reichlichem Griinzeug- (Julienne-) Zusatz konnten wir noch Suappen
3 herstellen, die mit 75 und 100 Milligramm im Liter ertriiglich schmeckten, mit 200 _ ]
: Millieramm aber schmeckte Suppe unertriglich, trotz Griinzeugzusatz. Wurde Besondere noch nicht abgeschlossene Versuche zeigen, dass auch
fen 2 =3 . . . g
vk das Kupfer als Acetat zur Brithe gesetat, solange das Fleisch nnclt mitkochte, so sauere Ragouts, Saucerkraut u. dergl. nur bescheidene, oft sogar nur sehr
waren 200 Milligramm Kupfer mit Leichtigkeit n der Masse (Suppe + Flesch geringe Mengen aus Kupfergefissen aufnehmen.
g + Gemiise) ohne auffallenden Geschmack unterzubringen. -
3
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cinmaligem Einnchmen wirken, anfwortet die Pharmacologic, dass
Dosen von 10-30 meg. Kupfer in hinreichender Verditnnung meist
wirkungslos sind, dass etwa 50-100 mg. Kupfer Ueblichkeit, Brechrein
und in der Regel Brechen erzeugen.

Auch von grosseren Dosen Dbis etwa 200 mg. (. h. etwa 08 g.
Kupfersulfat), auf cinmal genommen, findet sich nirgends cine andere
heglaubigte Wirkung als Erbrechen angefiihrt, hochstens sind noch
kolikartige Leibschmerzen und schimerzhafte Diarrhoen erwilnt.*

Zun therapeutischen Zwecken fanden oft selw grosse Dosen Ver-
wendung. Kinder nahmen z. B. bei Du Meulin in 5-6 Tagen 11-2% ¢,

# \[ischt man IHunden oder Katzen, die vorher nie Kupfer erbielten, unter
dic Nahrung auf cinmai eine concentrirte Losung von 1 g. Kupfersulfat = 250 mg.
Kupfer, was nicht immer leicht eingenommen wird, so brechen auch diese Thiere
blos nnd zeigen keine weiteren Symptome. Totet man sie, so sind hochstens ganz
minimale Anitzungen an der Magenschleimhaut (Rdthungen und Epithelabstos-
suneen) zu selien. Und doch entspriiche diese Dosis (50-100 mg. Kupfer pro Kilo)
heim Menschen einer ganz gewaltigzen Gabe.

068 Neetiton 1.
;‘?‘: s - Kritische und eaxperimentelle Studien, §e. 6Y
B4 A .
'1{ 2' Fragen wir mum, cestiitzt  anl die ermittelten Zahlen, \\'u]ch.v Kupfersullat, d. i pro die ¢ 05 g, Iupfersulfat = 120 mg. Kupler.
1 s;. Kupfermengen konnen im nngiinstigsten Falle durch cine .M:!ll]?,l'l.l- Gie erbrachen oft nure die ersten Dosen und Dbehielten das dibrige bei,
SET in den Korper gelangen, ohne duss os den Sinnen zn sehr anffilh ¢ giel, T in einzelnen Fillen verordneten Acrzte bis zn 1 g, Kupfersulfat
- j"H'! Dice griine oder blaugriine Farhe, vor allem aber der adstringirende = 250 mg. Kupfer an cinem Tage,  Niemals wurde irgend ein Schaden
ia'ba,,}{é Kupfergeschmack, werden j"_"“' .:ﬂlz'ugmssvu Mengen warnen. Neh- davon ;._;(-me]u:n, selbst wenn nur wenig gr-ln.-ouh«-n .wnrdc. 3
§J J&l men wir an, dass die Mablzeit bei Licht oder schlechter ;Bvluncht.ung Die kleinste genan hekannte Dose emnes remen Kupfersalzes, von L
TERE verzehrt werde, so dass die blane Farbe der Speisen weniger hemerkt der el eine ernstere Affection eines Erwachsenen in der Litteratur it
i ;; {1 wird, so konnen wiv nur durch den Gesehmacksinn aufmerksam werden. sichergestellt heschrichen finde, ist etwa 5 g, Kuplersulfat = 1,200 mg. i
11 i Im schlimmsten Fall konnte so etwa e cinem wenig empfind- L 'ISn])i:vi'; cimmal snll. vin Kiml. an 12 ¢, ](npfvrcl'xlori(l, d. I, 5(5.0 mg. it
é‘f :" liehen Gaumen in ciner starken Mahlzeit in den Korper aelangen : - J‘xupi.(-r g(-sim-lu-n. sein, was hel «]m'" fitzenden ’\Vu-]mng‘ des {11(-51.11:11
ih‘g In 300 cem. Suppe - - - - 20 mg. ] ziemlich t-mu-mm'l.rt senommenen Priparates wohl glanblich crscheint, 24
E ﬂ,;‘. ,, 1 Liter Wein, der in Kupfer stand - 80 Aber grade zur Binfithrang concentrirter Losungen ist e Haushalt am =
P ﬂ ‘ ,, 90 cem. Essig, ’ - - 10 ,, ! wenigsten Gelegenhieit gegehen. Dass es, wic os eine Idiosynkrasic gegen ,
. ,, 90 g. Fetf, das zum Braten diente - Dy Brdbeeren, Krebse, Morphinm, Ammoniakgas, schweflige - Siure und 3::1.'
. S ., 200 g. stiirkst sckapferten Erbsen - 50 viele andere  Stoffe giebt, auch eine solehe fiir Kupfer gelegentlich };
v ¥ 500 g. maximal kupferhaltigen Brotes - 60 ,, cinmal geben kann, soll nicht gelengnet werden solche Abnormititen E
'-1'.;:_;‘ } St Also im Maximnm 195 mg.  Doch wird natiitlich ein soleher Fall werden aber ohne jeden Einfluss auf unsere Reflexionen bleihen miissen, ety
f‘;; _‘:9;1 sie vorkommen. Crog 11:]11 Personen heobacehitet, die angeblich 30 mg. Kupfersulfat = e
'ﬁ ’ g Das leuchtet aber sofort ein, dass viel leichter in einer aus kupfer- H.m.‘s'- Kupfer auf ‘-'i“.‘”,l ganzen Tag vertheilt '“id.lf' vertragen, ja, nach # Q
5 ; o haltigem Brot und Conserven bestehenden Mahlzeit hohe Kupferdosen ;'1]"‘_".""‘};'%‘]"“ IB']“Cl‘hg'H l‘f‘f .‘L“":"t(']lg'l' fI?l‘t(ﬁtlt‘iil?l'o.ll.S;},'ln%)tmln.e‘1 durch L.
{ ot in den Korper gelangen, als durelt Suppe, Ragout u. drgl., sclbst wenn losses Actzen der Conjunctiva mit Kupfersulfaterystatlen heobachtet. 5
} B sie in griinspahnbedeckten Kupfergeschirren hergestellt werden, wenn IV, L
L nur ]\01110 St:ll%\ s:n.n cu1 Gemiise in upfer gekocht un(’f el ]\-lh(‘l‘blll(l- Die Vermutlhung, dass cinzelne Kupfersalze vielleicht schidlicher ;
Lot Wenn wir die (.-onsvn-'vn wnd das Br?t ausschliessen, wird 'uhm'-. wirken als die anderen, enthehrt jedes Beweises. s sind bisher von :
1',"“1)1:' selten et als 39:00 mg., kaum J(,",]mlls 1(?0 mg. Kupfer bei den cinzelnen Autoren und mir selbst Acetat, Sulfat, Carbonat, Citrat, !
emner lI:lh]ZClt-lll -dcn }xorpcr gi(el:ulgen konuen, in Conserven und Succinat, Chlorid, von mir speciell vielfach Butyrat, Oleat, Liactat B
“ Brot dagegen ziemlich leicht 100, ja bis 200 g, gepriift worden, olme dass cine wesentliche Differenz der Wirkung
o TIL bestinde. Aber auch die verschiedenen Versuche der Autoren mit
SRR . } ‘ Kupferalbuminaten konnen nur die Ueberzeugung verstiivken, dass eine
RS Auf dic Frage, von welcher Menge ab veme Kupferpriparate bei specifische Wirkung irgend welcher Kupfersalze, wenn sie nicht an

viftige Siuren gebunden sind, nicht hesteht.

In cinem Versuch, in dem ich selbst 132 Milligramm Kupfer
in 200 Gramm sclbst griingefirbter Erbsen verzehrte, wurde bei dem
Essen wenig unangenchmer Geschmack, aber etwa 1 Stunde anhaltender
kupferiger Nachgeschmack bemerkt; nach dreistiindiger abwechselnd
sclwerer md leichterer Nausea trat cin zweimaliges heftiges Erbrechen,
dann aber vollkommenes Wohlbefinden ein, vier Stunden spiiter wurde
mit Appetit zn Ahend gegessen.

V. ’

Die Litteratur enthilt keinen einzigen Fall von akuten Vergif-
tungen durch kupferhaltiges Brot oder Conserven, obwohl, wic wir
sahen, auf diesem Wege am Leichtesten grosse Kupfermengen einge-
fithrt werden und sicherlich schon hiufig eingefiilhrt worden sind,
namentlich solange dic Controlle nicht streng und .die V erwendung des
Kupfers zu diesen Zwecken in manchen Liindern allgemein war.

Dagegen sind einc Menge Fille gut oder schlecht beschrieben, in
denen schwerste, ja todtliche Erkrankungen eintraten, nachdem eine
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70 Section V,

Suppe, vin Ragout oder dral. verzehrt war, das nachher :1]5 kupferhaltig
erkannt wurde.  Wenn itherhaupt die Untersuchung auf Kupfer quan-
titativ auseetithet warde, so ergab sie in diesen Fillen niemals Zahlen,
die os aueh nur entfernt darthun, dass einer der Erkiankten auch
aue 150-200 Milligeamm verzehrt habe; gewdhnlich liess sich nar
die Aufnahme von 20-30 Milligramm Kupfer wahrscheinlich machen,

Da sich weder viel Kupter noch dic Anwescenheit hesonders giftiger
Kupferverbindungen in den mit Kupfergeschirren bereiteten Speisen
nachweisen Eisst, so driingt sich dem Unbefangenen dic Annahme auf,
dass vielleieht neben den Kupferverbindungen andere Gifte vorhanden
gewesen sein mochten.

Die Thatsache, dass in vielen der sogenannten Kupfervergiftungen
nach Binfiilhrung Kleiner Kupfermengen nehen Breehdarehldllen die
verschiedensten nervosen Storungen wie Kopfweb, Zittern, Manie,
Scorbut, hei den Seetionen schwere geschwiirige  Magendarmentziin-
dungen angegehen werden, spricht auch sehr gegen die Bedentung des
Kupfers.

VL

Die Skonomischen ¢ Kupfervergiftungen ” sind meist durch Nahr-
ungsmittel bedingt, die ldngere Zeit in Kupfer autbewahrt waren;
nehmen wir nun an, dass dabei gebildete Bacterienstoffwechselproduete
die eigentliche Schédlichkeit darstellen, so erscheint die grosse Mehrzahl
der “Kupfervergiftungen” in ganz anderem Licht. Jetzt ist ohne
weiteres verstindlich :

1. warnm so wenig Kupfer zur schweren Vergiftung nothig

erscheint ;

9. warum die stets sehr kupferarme Fleischbriihe, Ragouts u. dgl-
so oft Kupfervergiftungen bedingen, dagegen stark kupfer-
haltige Conserven noch nie ernstere Erkrankung erzeugen ;

3. warum dic Krankheitsbilder so verschieden sind, off von
schweren nerviosen Symptomen begleitet ;

4. warnm so hiufig bei dunkeln Vergiftungsfillen ganz die

Symptome der sogenannten “ Kupfervergiftung ” auftreten,

ohne dass eine Spur Kupfer nachgewiesen werden konnte,

so sehr man auch nach dieser bequemen Erklirung fiir die

Storung gesucht hatte ;

5. arum mit der zunehmenden Kenntniss von den Ptomuinver-
giftungen dic Kupfervergiftungen in der Litteratur immer
seltener werden.

Es soll damit nicht gesagt sein, dass nicht auch andere organische
oder anorganische Gifte gelegentlich einer Kupfervergiftung vorge-
tauscht haben.

Es moge mir gestattet sein, an einigen dlteren und neueren Fillen
meine Ansicht iiber die angeblich bewiesene Bedeutung der Kupfer-
geschirre zu zeigen.

Johann Peter Frank erzihlt in seinem vorziiglichen “ System einer
vollstindigen medizinischen Polizei, 1783,” neben e¢inigen anderen

Kritische und experimentelle Studien, &c. 71

Alarmgeschichten iiber die Giftigkeit des Kupfers im Eifer cinen Fall,
in dem die Viiter des Oratoriums zu Angers alle nach dem Genuss
cines Ragouts <chr schwer erkrankten, welches in einem vollig reinen
gut iiberzinnten kupfernen Gefiss nur anfgewirmt worden war. Wer
sweifelt hier an ciner Fleischvergiftung ?

Navier (1772) berichtet von schweren Vergiftungen an 7 Personen
giner Familie dureh einen Kachen und Ragout und Suppe.  Es soll
hier ein kupferner Sehaumisfel, mit dem das zum Kunchen verwendete
Buttersehmalz abgeschitumt wurde nnd der aueh znm Abschiiumen der
Suppe Anwendung fand, an dem Ungliick schuld gewesen sein.  Diese
Erklitung ist einfach grandlos, die Mdglichkeit einer nennenswerten
Kupfereinfithrung ausgeschlossen,—cine Ptonmainvergiftung durch das
Fleisch, eine Burytvergiftung oder Mehlptomainvergiftung durch den
Kuchen nnendlich wahrseheinlicher.

Die herithmte oft citite von DPleischl und Heller 1847 im
Krankenhaus zn Wien beobachtete “ Kupfermassenvergiftung ” kann
jeh anch nicht auf Kupfer beziehen. Es erkrankten 130 Personen,
von denen neun theils unter den Symptomen der Manie, theils des
Seorbuts zu Grunde gingen!  Die Uleerationsprocesse im Darmkanal
wiiren nur bei schr grossen étzenden Kupfermengen auf letzteres zu
hezichen ; so bildet die ganze Brkrankung das schonste Pendant zu den
Fleischvergiftungen der neueren Zeit, wenn auch Heller etwas Kupfer
in den Speiseresten und im Erbrochenen der K qnken fand.

Tiir die Dbeiden neuesten von Mair beschriebenen todtlichen
Kuptervergiftungen (Friedreichs Blitter 1887) kann ich auch durchaus
nicht den Beweis, dass das Kupfer die Todesursache darstelle, als
gelicfert anschen.  Beide Fille sollen durch Verwendung von Kupfer-
geschirren zu erkliren sein; der cine konnte ebensogut eine I’tomain-
vergiftung, der andere schr interessante, bei dem 4 Personen in wenigen
Stunden starben, eine Kohlenoxydvergiftung darstellen.

VII.

Lisst sich durch das Bisherige darthun, dass beim gesunden
Trwachsenen sehwere akute okonomische Kupfervergiftungen kaum
cintreten konnen, so mag gerne zugegeben werden, dass das Erbrechen,
das auf die Einnahme grosser Dosen folgt, gelegentlich bei geschwéichten
Individuen, namentlich schwachen Greisen, zufillig eine schwere
Storung der Herzfunction, Collaps u. dergl. auslosen kann. Hier hat
das Kupfer aber keineswegs specifisch, sondern nur wie ein einfaches
Brechmittel gewirkt.

VIIL

s handelt sich nun noch um die Frage der chronischen Kupfer-
vergiftung. Die Zeiten, in denen die iibertricbenen kritiklosen
Schilderungen von der Hiufigkeit chronischer Kupfervergiftungen
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TRl Taubt 1 il Tinast voriiher Trotz der Versuche von Tonssaint und Galippe am Gesunden und so L+
i tee 3 Wabrikarbettern ceclaubt warden, s i b " . . . . g S
1 AT namentlich bei Fabrikarheltern "l" o ll. Coli ; el ﬁi( Kupfoer vieler interessanter Erfahrungen an lange Zeit mit hohen Kupferdosen .
A RS . 4ronathin  cubrie Dhrilis, die Coliea acruginls b y .. : . 4
.i' R Dic Gustropathia cupriea febri lh’] K L; 'tT ul:l'irl‘ oder der behandelten  serophulésen nnd nervenkranken Personen, erschien es '
: 3 otzt ¢ soder als seltene hrankneiten CrRirt— . . . H
s Bt Lihmung sind jetzt entwede _'ﬂ\ ( tA, I v enny welonenoet mir erwiinseht auch ame gesunden Menschen nochmals Erfahrungen zu iR
i Zusammenhang derselben it dem Kupfer wird gar ganz geleughcl, sammeln ®
- RN * - . . . H Y YD I o . . S
AR and Blei, Zink, Cadmium, Kohlenoxyd wnd andere chemische even ‘ _ o o . A
R R 1 ]’ hvsikalische Schidlichkeiten als wahre Krankheitsursache s nahmen daher 2 meiner Schitler nochmals tédglich in Bier f} -
Tl uell auch physikalische Helk : ok ! ) . . - -
BEL -’.!: fucth P kleine Kupfermengen, der cine als Sulfat, der andere als Acetat, i
g g i betrachtet. e _ . . . D
13t 4 Eicene Erfalmungen habe ich an Kupferarbeitern keine snmmeln ; Herr M 50 Tage 10 mg. Cu= 39 mg. Kupfersulfat o
:,_i-,_}. B , 1 o . . . . s e y Y ] ) =}- . ;
S ER kénnen. kann aber durch die Gitte des ansgezeichneten Kenners da ! l{l.mn 30 , 20 78 K,, f
‘;_ 1. ;!::f’ it 4 . . . - .Y_". a0 '_ ‘: "er : . frd —_— H (l'. ‘;'- apafa
KR Gewerbekrankheiten, Medicinalrath Dr. Merkel  in Niirnberg, mllf i Herr 1 , 3 9 1('; " ;‘()) mg. Kupferacetat
..J:.‘ . .-: ’ s . * 5. 411 » i i‘“ ME ‘. [} (.l. V:.‘ e ‘ P
by i‘ 3 theilen, dass derselbe trotz der grossen Broneeindustrice in B ll]ﬂl,.]:( de : X ” 5 » e 7 i
izt die Arbeiter von Broncestaub ganz vergoldet und versilbert sind, nie "3 2] 9"3 ” = X 2] )
e ‘ | : . - I unferkolik ¢ = (4 i
" cine Kupfervergiftung aoschen hat, Hirt's Erklirung der Kupf rkolik . 9 4, 20 , 64 ” %.E
- o als akute Kupfervergiftung bei unreinlichen Kupfer- (Griinspahn-) o s, 30 96 » b
. 4 .. < . -~ L= . - by ,—i. !
LRI . TR P 1 recht s hur, v cinen Theil der ].‘{l“l‘, . . . .. . . {E.-
N Arbeitern erscheint miv recht anne h:n "f’l lirel, andere Metalle 3 Beide Herren beobachteten nicht ein einziges mal die leiseste Y
.o s . . » elner Vergittung  duarenl anderce adetalie " . . . i
we -k wo man mit der Annahme (111111 \(.l‘?l S . lor Litteratuar Storung an sich weder wihrend des Eiunchmens noch nachher.  Ieh r
S x - R P =P 131 s 3 - o 1 o ¥ v . . . . . i . .
S nicht anskommt, zu crkliren. Fir einige wenige _;" !t : A wiihlte die Dosen  absichtlich kleiner, als sie 2w therapeutischien
‘;_'r“ - . - . 1= 'a P o» 'Y Ca1rver ) o el e . . -
L jmmer  wicder abgedruckte  Fille : huphnug.l tung | Gold Zweeken genommen zu werden pflegten, da ich auch jede Magen-
R . . . e LLAPE TR P A . 1 ol e .
A Buchbinder durch Vergolden der Bu(,hulu(%kcn 1111(1:} ]“fm(‘ .mt:l 1.’ beldstigung vermeiden wollte.
L SRR g o M: «<h ein in Kupfer gefasstes elnss, 1st nur die B ) ) )
TET Uk bei einem Manne dure -t ° osvnkrasic moelich Soweit man  nach 2- his  3-monatlicher Versuchsdauer ecinen
SR iner b leren eanz rithselhaften Idiosynkrasie moghch, _ : ] ) ‘
I Annahme einer besonderen ganz A . . . ) B ] _ 1 .
Wk i L. . o vorlieet Schluss zichen kann, muss ich michh unumwunden dahin aussprechen :
S wenn nicht auch bier irgend cine falsche Deutung vorliegt. oo . oy Cunferdosen <o .
RN rhaltice Nahrune Die Versuche am Menschen mit kleinen ICupferdosen sprechen auely bei
R . T3 g Toroif «h k ahaliize Nvalim 5= L ¥ TP P : 3
N Von ciner chrorischen Vergiftung durch ]‘“1’{{1_] thige A %“t uns absolut gegen die Moglichkeit einer chronischen Kupfervergiftung,
: . v . 3 ie Litteratur keine NNZIECI . . .
e mittel (Brot, Conscrven) enthilt die Latie: lt.m nmen cisls 5 durch die im Haushalt vorkommenden Mengen.
4 beobachteten Fall, dagegen nss Galippe experimenti causa 14 Monate . , . | - ;
¢ ‘ . » : " 3 . 9 SYLE N s 3 S * S ST B i S 3 s¢h X : or 1 ]
it seiner Familie blos in Kupfer zubereitete und hiufig darin erkaltete Lb"sel mir noch gest 1ttrel, ms (,111(?111 s.(, on rec 1. .um anblem‘hen
L hne Seden Schaden und miihsam gewonnenen Zallenmaterial hier noch einige theoretisch
speisen ohne jeden depaden. . . . . .
‘ Speisel J e Alt Brfabrungen  von interessante Daten vorliufig mitzutheilen : Von mittleren Xupferdosen,
v . ir ther  alteren Kriahnm > . . . - . .
- F Ich selbst habe, mm mir iher die ‘1 AMenscl o 0‘]’; ktives dic man einnehmen ldsst, werden einige Procent resorbiert (von kleinen
; . : 3 an Thier (0 Menschen emn . . . .
Lo ‘Toussaint, Du Moulin u. A., an Thieren un *] it mein S‘ihﬂlu " Dosen mehr, von grossen weniger) ; leichte Magenaniitzung scheint oline ,
o . : anedanernde Fiitterungsversuche mit memen sScehuler S, . . . , :
C Urteil zu bilden, langdauernde Fitter ""{Dg‘ cdlt. Es wurden dabei Bedeutung fiir die Resorptionsgrosse ; die grosste Menge des offenbar ,
R . . At 7. y angestellt.  Es wurden dabe . . - . .. i
AT an 6 Kaninchen, 4 Katzen und 1 Hm:;“ ¢ ang Yo Koanferechalt (1('1’ vorwicgend aus dem Darme resorbierten Iupfers wird voriiber- L
Lo : M arn el 3 - acen an den upfcerecha ' . . . .
e nachdem die Thiere sich in emigen Lagen Kupfer) ; Shmt 1 tten gehend in der Leber deponirt, der Hauptausscheidungsweg fiir das - A
C A Lo . - o Kupfer) gew atte . ] . ) ) . . Uy
: Nahrung durch kleine Dosen (lg 30 111]6’0 1K fb ofiitter ;} um’l Kupfer scheint beim Hunde die Leber, beim Kaninchen der Darm,
e . . - . . I v me. upier ) . . . ST
Syl meist Dosen von 50, hduﬁgeil noc xfont . t° Pt s beim Menschen die Niere. e
T . wuche 2-4, einmal 6 Monate rortgesetzt. _. . . . . P
R die Versuc ? . Fir den Menschen haben wir speciell durch zahlreiche sorefiltice
s b arde Sulfat, Acetat, Chlorid, Oleat, Butyrat, Lactat ohne jeden . \ Lo o RIS I
TR Es wurde Suliat, ? . ? ? Analysen dargethan, dass nach Einnehmen von 30 mg. Kupfer im Hari SO
ST : v ; q . .. . - . . . . AR
SRRICI Unterschied der Wirkung verwendet ] in 3 Tagen zusamen cires 4-5 mg. erscheinen, iiber dic Ausscheidung RO
PR Die Salze wurden stets vollkommen mit der Nahrung gelf“”"—'l“‘ durch Darm und Galle Iisst sich heim Menschen natiirlich nichts weiteres 5’ '
AT upd ihre Aufnahme controlliert.  Abgesehen von gelegentlichem sagen. ’ i
H 4 Erbrechen und bei der Section einigemal entdecktem Mugenkntzjirlih ‘i'.':"-"f i
M A . 3 . 3 1np e 1] { ; ’
% B waren die Thiere ganz wohl, speciell auch die Nieren gcsun(\lT. fin IX. 5.9
§o ' . ; : R SAcehtlic richtszung rvose 44
IR I ’ - Thiere zeicte soear betrdchtliche Gewichtszunahme, Ne . ) ) o ] . i
A Theil der Th - AH oM o ) Obstipationen wurden Von diesen Erwigungen geleitet, ist eine directe Schidigung akuter i i
[ Symptome, Krampfe, Lihmungen, Diarrhoen, Obstipationer : ) Stlls : }
LRI yl b 1’1t t. Dagzegen wies die Analyse der Organe eine bedeutende oder-chronischer Art von den Kupfermengen nicht zu befiirchten, wie "4
HRAIC 1 ac . agegen aly of . _ . . %
Do B me b; 0Dac et. 2 ﬁ die Lebern der Katzen enthiclten durch- sie durch maassvolle und kunstgerechte Reverdissage, Brotbereitung g
ok -resorption nac £ . \ . : i . :
B KHP. mlfclz 11‘) ]‘i ,f(,r aeh in den iibrigen Organen war elwas mit Kupfer, und etwas sorglose Beniitzung kupferner Gegenstinde im
n < ce . mer. upler, auc . : k . B
LA schnitthe amg. RUPIET, . ] fri, d Haushalt in den Korper gelangen; dagegen konnen durch groh
S R hr Kupfer als bel akuten Intoxicationen zu finden,
T S menr P
R
)
il




w4 Section V.

nachlissig hergestellte Conserven  oder Brot und absolut  nachlissig
behandelte Kupfergesehivre recht wohl Brhrechen, vielleicht aneh cinmal

Brechdurchfall, aber kanm mehr entstehen.

-

. ) . - N . .
R T L g i =)

- t
b AV
Y YL : : 't 1 4 [
ti!i i’f‘ Die Hygiene wiinseht ein Verbot der Verwendung von Kupfer zur
‘ﬁ‘.'f’, . Fiirbung von Gendiseconserven, weil :
FER ' . die Gefahr des Misshranehs  (des pachlissigen Zusstzes 2u

grosser (. h. sehiidlicher Mengen) vorliegt;
b, weder Haltharkeit noch  Geschmack der (Conserven dadureh

sewinnt ;

c. kein Grund vorliegt die Conserven apiiner zu fir

frisch gekochten Gemitse.

Die Hygiene hat also in Interesse davan, den nutzlosen Kupler-
susatz za Gemiisen iitherall zn verbicten 3 der Uehertreter dieser Vor-
R sehrift wird aber nur dann wegen viner moglicherweise cintretenden
L C 4 Beschidigung der mensehlichen Gesundheit” zu bestrafen sein, wenn
R wirklich bedeutende Mengen Kupfer in die Gemitse cingefiihrt sind.
e T Por Zusatz kleiner Mengen, etwa 20-30 mg. pro Kilo, wird nur aus
i nicht hygienischen Griinden, wenn man will als seheinbare Verbesse-
£ rung,” als ¢ Tauschung iiber die Qualitidt” n. dergl. zu hestrafen sein.

' iﬂ Per Zusatz von Kupfer zn Brot ist stets ahsolut zu verbieten, weil :
@ die Gefahr des nachlissigen Zusatzes 7z ErOSSCr gesundhieils-
C schidlicher Mengen vorliegt ;
L. verdorbenes, unter Umstanden schidliches, verdorhenes dMehl
_ wieder backfihig wird;
c. ein vermehrter Wasserzusatz (6-7 °/o) moglich wird.
Kupfergeschirre sollen nicht zmn Aufbewahren fetter, saurer oder

o gesalzener Speisen dienen.

. PDamit ist Alles geschehen,
. digungen auszuschliessen.

i Die gerichtliche Medicin hat die Pflicht, viel mehr als dies heute
' S noch geschieht, bei angeblichen schweren Kupfervergiftungen durch
- Speisen quantitative Ermittelungen anzustellen, um darzuthun, ob
RS denn wirklich allermindestens 200 Milligramm Kupfer von dem
S Vergifteten genossen cind. Lasst sich dieser Beweis nicht fithren, so
i ist an eine Kupfervergiftung bei einem Erwachsenen nicht zu denken,
EMEE vielmehr durch Anamnese und Analyse nach Ptomainen oder Toxalln-
Fiir eine todtliche Kupfervergiftung am gesunden
Kenntnissen mindestens 1200 mg.
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The President briefly recapitulated the chief points of Professor
d out the great value of the
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| Mr. Goodfellow }'cmtll'lcctl that, having had occasion within the
l.n.sb thrae years to eximine a Jarge number of samples of English bread
for adnlterants, he was enabled to say that no case of :1-dulte?a.tion wi‘nh
copper sulphate had come under his notice. e had, however, examined
seven specimens of Duteh bread, and had f acs : ' su
soson specinm ; ound traces of copper sulphate
| ]Mr Cassal s:?id that copper had not begn found in bread by British
pub ic analysts, so far as he was aware, since the passing of the *‘ Sale of
?m)d and Drogs Act, 187.5.” If it ever existed as an adulterant of bread
it mu:;lt; l:;:wc been some time hefore the passing of that Aet. There ];a,d’
recently been a convietion at Glas * gelli i . ini
- at Glasgow for selling tinned peas c-onha,mmg
o t-?,l H. G—i Colman asked Professor Lehmann whether he believed
| f.l - ] 13, Ias.Wel as copper, had not the great poisonous effect usually
.]lb(g-'llJf: to it. Most qf‘ thc? cascs of poisoning from tinned meats which
1ad been aseribed to tin-poigsoning really appeared to be due to ptomaines
Drl 'ZV J. Rl-lssell, .P.R.S., believed that the bad character of
cop;;el 11 l.Je.en gamed owing to the ease with which it is detected in
zf)[:la; ildzil:]?ltltles 1nf.c;l.16mlcfa,l analysix, and alluded to the curious fact that
able quantities of copper were contai 1 1
feathers of the Touracon. o tained i the fwo xed fall-
. P:_r'ofess;ir I.eh.n}a,nn, in reply to Dr. Colman, stated that tin, when
(ﬁ' e.n in sma quantities for a length of time, had, undoubtedly, an 1ill
e egt upon the S}’St(.:m, but helieved that all the supposed acute c’a,ses of
tin-poisoning were in reality caused by ptemaines.

—_e _.___Moo_(___ ———

The Action of 'Watér on Lead,

BY

J. H. GarrerT, M.D., D.P.H.

—-’»«'—"‘-:-(‘r -
L 3 T

. The subject of the action of water on lead has a special hygienic
in .ele:st on account of ifts resulting in the contamination by lead
drinking-water. vt el
In the Gulstonian Lectures, delivered in the early part of the
resent  yvear ~ | of '
]D Po%ti yeal befme the Royal College of Physicians of London
r. Thomas Oliver has treated the subject of lead poisoning in : ,
exhaustive manner, and to his treati vado for uforma.
o th‘ er, and to his treatise reference carr be made for informa
ion upon the pathological effects lik i _
_ glce s likely to accrue from imbibiti
this metal and its salts. on

- ;E:e. (fh;ammal aspec.t of the question, W]?ich at present concerns us,
s eivec tr,he attention of several experimenters, but the want of
:llgl -eenl]ent noticeable in their results has led to a confusion rather timn to
;n‘;l:]t]i;eflllllgltt ;)fﬂjhe 11.1;1’51?(31'. 1 vel?ture .to suggest that this has been
e e differ el.lt ways in which the experiments have been

cted, and to the hias in favour of the acid, which is sometimes con-
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76 Seetion V.
tained in natural waters that act on lead, being in some way the cause
of the action.

By the observations T have made upon the action of a great many
qomot think there is root for doubt, that,

waters, I am convineed, and ¢
ase 1 process of oxidation.

the primary action of water on lead is in every
Thus, the invariable result of putting lead into contact with  water
neutral or faintly alkaline in reaction, such as maost distilled waters, is
olourless ervstalline oxyhydrate of Teadd that is almost
I have recently had under exsunination
aters from the Devonshire rivers, &e., and
actically identical with

the production of ac
insoluble in pure waler,
numerous samples of soft w
have found that they act upon lesdd in a0 manner p
the action of distilled water, and a similar offeet may commonly he
obtained from rain water.  In ench cnse solid oxyhydrate of lead is
apidly produced, and falls off the lead as it is formed, leaving 2 fresh
aurface to be acted upon.  The air heing admitted to the surface of the
water, this action is continnous, lasting for weeks or months, or until
the lead is buried in the deep layer of oxvhydrate produeed.

With the action of these neutral or faintly alkaline waters, let us
contrast the action of a deeidedly acid water. Naturally acid waters
are found in connexion with peat and otherwise, hut the composition
of the acid which these peat waters contain is at present unknown.
When one of these acid waters is placed in contact with lead we get
a cloar solution of lead salt as an immediate result; hut, doubtless, the
lead is oxidized before being disselved by the acid. The amonnt of
acid present of course determines the amount of lead that can be dis-
solved. The action does not necessarily stop here, however, but the
oxidation of the lead may continue bevond the point of saturation
of the acid, and the extra oxide formed, or a part of it, combining
with the nentral salt in solution forms an oxysalt. Thix oxysalt
heing  less coluble than the neutral salt, less lead is now contained
in solution; a portion of that at first. dissolved now forming part
of the deposit that lies upon the hottom of the vessel or upon the
surface of the lead. When the acid in the water is very small in
(uantity the usual production of oxyhydrate of lead is only delayed
for a short time. When & much more appreciable quantity of acid is
contained 1n the water, the oxysalt which is thrown out of solution and
deposited, or formed, upon the surface of the lead, tends to adhere firmly,
and covering the lead proteets it. and thus hrings the action toa termina-
tion. By a very careful neutralisation of the acid, the production of
solid oxyhydrate may he made to commence immediately, just as it does
in waters that are natu ally neutral or nearly so. The oxyhydrate of
lead itself gives the water an alkaline reaction, and the reaction of every
water that is acting on lead is therefore destined to become alkaline
ultimately, the only factor necessary for the continuous oxidation of the
Jead heing a constant supply of oxygen.

Waters which are decidedly alkaline by reason of containing con-
siderable (uantities of a carbonate, such as caleinm carbonate, including
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The Aetion of 1¥ater an Lead. 7

those that deserve in any degree the title of hard waters, are prevented

from acting on leadd by the formation upon the surface of the metal of a

closely fitting insoluble coat. or film, which is presumably a basic ear
honate of lead,  The earbonie acid which ordinarily acts 15‘1 sol '(,' (:lt]-
l!u- -:n-lmn.:nu of lime in hard waters, does not l(':;\'('. t‘]u‘e' -‘:;1-1.101:':;:)‘ o?’
]nn.u to lllh‘.‘i(‘l]\'l! srhbonate of lead; hut wnusnal waters may exist in
whieh there is a very large excess ol carbonie acid gas over that required
to hold in solution the calcimu earbonate, and the [T)l'l:l::libll '1;1(1 .“]l";f“"
of carbonate of lead may then be expected,  Such \"lt‘('l' " l'l e
included amongst. the acid waters, and there is 11;) :l‘(:i(l ;'-llt-?ntl;;b-t'b(l
well exemplities the effeet of the continued oxidation at th‘c '(tf;lurl’-]‘tt S(i’
t.h('. lead, in causing the ultimate precipitation of the soluble ](."ul :?](; 'Of
first formed, as distilled water into which carbonic acid fr-;s 'h‘l‘;‘] o
passed.  As will e seen in the following table, the so]utta;i(.m ]h s
stronger until it contains lead in the proportion (’)f 2-8 ﬁlilletrr- n )OC('HHPST
litre ; but after 20 howrs’ further exposure the strength il'j "l ;"19-“ g
‘14 millegrammes per litre. prength s vednerd to

TanrLe showing t?ua Amount of Lead dissolved by Distilled Water
into which CO, has heen 1):1.‘#3(!(1.. |

fJ" -
ime exposed. i 1
1 Lead in Solution,

3 hours - - i
94 millegrammes per litre,
10 ,, - - 28 ,
H 1
30 - - 14
” »
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. The deti oty ) 1 I
- Section V. The AAction of Water on Lead. 79 a4 i
.'._:‘-l; . - o H . HH . . . . . a1 T™hie 3 ] .0 1 . : : : ;‘ N
X Aoeeine the surface of the lead with basie salt of slight hﬂllll)lh‘.\'“"n' an opalescence and a floceulent deposit. This initial action cannot he s
: ] clm‘-:m:t’ fall off the surface of the metal as do the fine erystals of the % due to free oxyvgen.  But if it he thus proved that action ean take place _' y &f
% oxvhvdeate itself.  The presenee of chloride appears to inerease the l:"“' z{ when the absence of free oxvgen is :!S.‘-’lll'(‘([, it is qguite as casy to prove e -
‘ of oxidation of lead.  Phosphate and silicate have some power in cansing if that o continnons oxidation of the lead cannot take place unless air he DY ERE
? 1 closely fitting insoluble film to e formed on the surface of the metal % admitted to the surface of the water. A water which acts on lead with S
'a. whicl has influence in protecting it from further action of water; but 75 production of oxyhyvdrate heing placed in an appropriate vessel along - 13
: ;E:" th(' I)]'()t('('ti\-(’ coal. lllfﬂ!'d('d ]l\' tll('S(' !":lh.\' ll“l'.‘; not. r(n']ll =0 (l“l(fk]'\' 3[1“1 E “’it]l l,i(g(‘-ps ()f c]u““ I(fil(l, “"'-h"’(l p“r“ﬂi“ wax or (,i] i_q P(""-(n(l over t]“a 3l {*r ,"- |
E perfoetly as in the case with that formel by carhonate. 2 surface of the water, and the air is thus shut ont. A check experiment : :
i . . che el ' . is at the same time made wi ey v 1 » same pr tions .
F The rate of action of water on lead, whether the water be acid o £ is o t!u SN t.mu' madc \\1{]1 water ad e |‘(l in t.h( same proportions, A, T
s ' knline. is i Vin o merked manner by inerease ol fempera- B but with the air freely admitted to the sarface of the water. In the | HE
3 ‘i - alkaline, 15 1ereased i ne : i A e g F 3 . . ) . . g
i faintly alkahne, . . mture 4 comparatively A former, action occurs and proceeds for a time, and then abruptly comes ko
& ture, perhaps up to 70° C. 5 but above that temperature i compin . & ’ .. . ’ - i
ure, perliap: ) . ovneriments 1 have got the A toan end. ITn the latter, similar action ocenrs, and the two keep pace Y.
-} : ieelit and limited action takes place.  In my experiments 1 have g o . : . Curs, @ _ _ oo
E A e Lo lts at about 50° € for atime equally with each other; Dhut in this, the action continnes i
v A arked resuits at abo ‘ e S , . - s .
R MOST Mt . lerstood that it is in waters after it has ceased in the other, <o that at the end of a week the lead salt.
' e alei i ainly astoo (HITD IO b ‘ : 4 . ey s . . .
LT I am desirous of making it plainly ]um ( |~.lm;- 'f e st oceurs A formed in it 1s vastly greater than that which has heen formed in the one
DR R . e nenitra] In resetl : ¢ producfion o sl st : . . - : . . .
- that are nearly nentral in reaction that ! . | 1 the least interruption ; and from which air is exceluded.  From this ohservation we are forced to the
Lo igr . 4 rantdity continues with fhe least interr s . o age . .
AERE with greatest rapidity and continues wit oved = conclusion that whatever may he the initial canse of the action, the con-
ORI U e wenerally be found in saeh waters when they are conveye 2 ) ) .. v, .. .
SR lead may generally ' Ivedl. but, exists i “etate of suspen 2 tinuation of it heyomd a certain point is certainly dependent upon
KIS NP , P g s 1ssolve COXISts 1 oa stale sSUspeh- LE . , t . v
i t through leaden pipes. It is not ‘hb'“](’ ‘l“ ’ "; L1l ' Ivox vory readily 4 absorption of oxygen from the uir,
SR U . cetale of ovvhvelrate MISEIVES VOry re :
S P e v ervstals of oxvhvdrate lend He bk A . s . . . . . . . e . . .
AR I <1011, _lh(. llllllllfl- (,l.\_-“.\ iy AL . acet Nne ae §ws "Her . s : ™ - . *1is
B O emsion. : 1 when suspended in a water may he easily overlooked, : % The fact of the \etion vequiring tm. its continuance, hut not for its
BERSE 3 to suspension, i h SUSPe . oo lieht. ‘The lead when | commencement, a supply of air, proves of itself that the action is not due
SR Jess the water he critically examined in a goot hght. ' o a dee dtion of water cither hy a simple displac f hydroge
N unless i . . k to & decomposition of water either by a simple displacement of hydrogen
A s ine in water in this condition, has no doubt sometnnes bheen taken .. y . . VIR
b existing 1 waier 1m tns ’ e e s hy lead, or by electric influence.  Besides this, at common temperatures
BERE N be dissolved.  The practical effects are much the same as if 1t were i X Fventer on 1 . o U ) ?
g 5 to he (1ss0 oL 1 ke the distinction in considering the cause the action of water on lead does not resalt in any evolution of hydrogen,
POl dissolved ; hut it is well to 11;.1 ¢ the @ © and it would not he possible for decomposition of water to proceed for
fnZ of the action of water on lead.

any length of time without hydrogen heing evolved. In regard to the
production of an electric current by reason of the impurity of the lead,
samples of pure metal, that is, as pure ag conld he obtained by igniting
either of several carefully prepared plumbie compounds in a porcelain
crucible, were found to have an action upon water precisely similar to

i 15t 1marily ¢ diefly in the oxidation of the

The action consisting primarily and chiefly in th(] 0 t of o

metal, we are at the root of the matter when \w.] egin -]01 conside

e cyeen is derive That are the possible sources
¥ whenee and how the oxygen is derived. What are the |

: ! . Ly oe at is  dissolved in the water.
of oxygen? «a. The free oxygen that is dissolve :

: : b. Oxygen that may be derived by decomposition (ff watet, ?Hh.e.r. ]-)}:t?hp the commercial metal.  Silver is the metal that is most likely to exist in
L lead itself displacing hydrogen, or by an "190’[1’0?."515 due fo v Olt.‘ll(:‘lf" ;01" lead in such quantity as to cause any effect of practical importance in the
M resulting from the fact of common sheet and pipe lead ]’(’_“'lg nn ‘"l-f ) -‘l action of water upon it. The minute traces of copper and other metals that
IR alloved with small quantities of other metals. C..O.\)-gel.l dc?n-\-e(l may occur can have little appreciable effect. I have made experiments
L - by Treduction of the nitrates :uu.l nitrites, or other forms o'i" 0:‘{11({1.5.9(. info the effects upon the oxidation of lead of coupling different metals
FREE nitrogenous matter, which oceur in most waters to a greater or lessel along with it before immersing it in the water. Strips of foil of the -
AL extent. several metals, of equal surface, were taken, and strips of lead were
;}:! ) * It a water he obtained that has not the power of :1ct-.mg on lead, coupled \\.’ith sin?ilm' strips of each of the other metals hy merely hooking
R 2 even though it contain no carbonate, &e¢. to obstruct the :.1(:‘[1.011 (and such and hending their ends together, so that the two metals formed 2 ring,
' ,r— a water isbocmsionull}' met with) no amount of nération will cause the half of which was of lead and half of the other metal. A check experi--

AN

action to start, or increase it where it only oceurs in a sli_ght degree. .If
. o distilled water, which has heen found to act on lead in .the cold‘wlth
yapid and continuous production of oxyhydrate, 1_)e ‘placed in a platinum
dish and boiled for five minutes, we may take. Tt i(in' aranted t!mt the
whole of the free oxygen is dissipated. Now if without allowing the
water to cease boiling we drop in pieces of clean lead, t}](:‘l‘(*, should he no
lead salt formed provided the action be wholl.y due to il'efi -ox_vgell. But
a limited, yet decided quantity of lead salt is formed, giving the water

ment heing made with one of the pieces of lead-foil alone, the amount
of lead salt formed from the lead alone, could he compared with that
formed by each couple. The lead used was a thick lead-foil, supplied
by Messrs. Hopkin and Willinms, of Hatton Garden, which was stated
to be pure lead. Some of the other metals were supplied by the same
firm in the form of thick foil. The following results were obtained.
The experiments were performed simultaneously, and equal measuret of
water were used. Temperature averaged about 17° C.
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80 Seetion V. 8 The cAction of Water on Lead. 81
o i
Pt ¥ HHecd . - . A H . n v . .
1) Experiment I —"The water used was distilled water with s slightly E{f Laperiment TV.—The water was a peaty water from Dartmoor,
1 alkaline reaction.  The metals were in the water 12 hours, being wholly i,: with a naturally acid reaction.  The metals were immersed-in the water
e H - 4 : - - h
A : : -y thiee hours,
dt immersed. 4 .
i' § Relative Amount of Lead ,’3% Relative Amount of TLead
‘; ; Metals employed. converted into Lead-salt.. E)g Metals employed, converted into Lead-salt,
i RE Aetad : — -4 - .
—": ) fr;" I ] l
: sead alone - - - - 100
T3, TLead alone - - - - 100 ] . .
{: . 120 5% Lead and silver - - - 300
7t Lead and silver - - - 12 5 0
! ~ - 108 % Lead and copper - - - 150
BEE Lead and copper - - ‘ 5 _ 5
i . - 100 o Loead and tin - - - 70
H Lead and iron - - ( L : 7
§ ini 16 s Lead and zine - - - 70
f Tiead add aluminium - - . . . Lo .
EE Tead and tin - - - - 1t 4 With this water the zine and tin did not appear to prevent action on
_‘. ] L r_.'_"!.a , . . . . anle vy e ”.- - ‘.- . . ryy ‘- -
kg Tead amd zine . - - 6 3 :&ul in .suf.h 1l m.ull\ctl wiy as in 1)tl (O flf;u.s (.:\pf,mncults..l T'he action was,
SRy 1 5 wwever, inereased to a greater extent by copper and silver.
| 15 Thus the silver and copper coupled with lead eauseda slight increase 3 Tt Y thine ? et witl } t11 that is absolutely nitrat
. ¢ . « e . w2 S Horarn [ 2 3y & waer Aab 18 ans Yy TaLe
PR of netion on the lead in this alkaline water, whilst aluminium, tin, and 3 1"1 ' 1“9[ ."I"n '0 _‘".“' With d water that 15 absolutely nitrate
N B allv zine. caused a marked diminution.  The silver and copper did : f% free; :u'u :1:5 eied reduces mtrate 'Et common teml-)c ature wlhen contained
: g ! CSPeCIailY Z1NC, CRusei « ]‘ Fected, but some oxidation of the jron and f',-;}_i% in solution in a water, however minute a proportion be present, we have
SRR -es appear o be affected, but ¢ xack , : i ) )
RN not themselves dppt]' i to ’ 3 here an undeniable source of oxygen. Kvery nearly neutral water that
AP LN . ale - aee. o . . N “ .
& ﬁ’# other metals took place 5 acts on lead with production of crystals of oxyhydrate, and every
[ ARG ¥ o et
£ g - i naturally acid water that acts on lead with solution of the oxide, gives
-_'.,-‘;!-" . rerd raye . S . ’ . : oy B H iy « « > 1 « a 4] A y B b
i:f' s LErperiment JI—The water used was distilled water, made very iR swidence of containing nitrite after the action has taken place. As the
EAR faintly acid with acetic acid. The metals were in the water three hours, = evadence ning NIRHLe He ack as taxen place. ASthe
SRR amntly ac l‘ '] ¢ % water did not contain nitrite in the first place, or if it contained nitrite
IR e . - 3 wsed as helore. . .. . ) ) . .
:-’. ~ I wholly ammersed a3 Relative Amount of Lead the quantity is now increased, we are right in assuming that it has heen
; DR Metals employed. converted into Lead-salt., produced by reduction of nitrate by the lead. In the hundreds of
VPRI — . experiments that I have made upon the action of water on lead, in no
f DiE - . Lead alone - - - 100 case where the ordinary action has occurred have I failed to obtain ample
N Lead and copper - - - 150 proof of the presence of nitrite after the action. But although lead |
Lead and silver - - - 133 r(:*dl}ces .mtmtc to mt.rlte. (and. when air is (fxcluded probably to hypo-
e Lead and iron = nitrite) it never reduces it entirely to ammonia at common temperature.
e ead ' - - - . . . . YTy
C Lead and 7 5 The reduction apparently does not tuke place with sufficient rapidity T
R ad and Zine - - - ’ 3 . . B
i ea . a for thisto happen ; and unless water be decomposed, there is no hydrogen R
G Lead and alnminium } ) to form ammonia with the nitrogen of the nitrate. When there is free o fd
HE N S 4 - - . . » . . . - Lk 14 ) . !;.- ) Vo
N Lead and tin - 0 admission of air the nitrite is reoxidised by the oxygen of the air as (R
R CI [ l . » e Lo
i . :r . R . . et ae 1F 3¢ 1y N st . ks .
ORI Coupling with aluminium and fin wholly prevented the oxidation fast as it 3 redneed Dy the lead.
T o . . - . . . v . O
A of lead in this water whilst coupling with copper and silver again inereased The main action of water on lead is therefore duc to the presence o
RN it. The silver and copper themselves appeared unaffeeted, but the other in the water of a nitrate (or some partially oxidised organic nitrogenous P
.t ¥ - ;i‘ l . I ) "we ] \4 I [} My 4 3 ] T " 11 ' 1 [
SRS metals could be detected in the respective waters. compound which admits of being reduced by the lead and reoxidised by SR
RN the air giving the reaction of nitrite when reduced). The continuation of LA
o 3 ,|.:.: . . e e b ) . = . . .". .
B Experiment I11. —The water used was as in last experiment, but action observed to take place in a nearly neutral water, where oxyhydrate
i was made more strongly acid with acetie acid. It contained, in fact, of lead is produced for weeks together, is due to nifrite acting as an bl
o abont 1 per cent. strong acetic acid.  The metals were immersed in the oxygen carrier between the air and the lead. The rate of action is SRR
i water 12 howrs. inereased when copper, silver, and other metals are in contact with the . 4_.:,‘3
it Relative Amount of Lead lead beneath the water. The rate is diminished when zine, tin, and B ]
Metals employed. converted into Lead-salt. other metals are similarly in contact with it, these metals suffering
¥ . . . SR
g ¥ ) oxidation in preference to the lead. 2
; o Lead alone - - - 160 R
}., . ,'i-. - - s ‘
SN Lead and aluminium - - ] i
el S ¥
RIS S h . o _ ~ e 4
pi s Lead and tin - - - 7 —— O
AT | h
3 .3";[3‘;1.* K-
1 .I’ S
;g"' z. 1 . F -
2 ¥ p. 1838 :
3 :
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9 Seetton V.

DISCUSSION.

Dr. Rideal asked whether the reduction of nitrate o nitrite took

place in the experiments cited by Dr. Garrett, only when a (:n!lp](!" of
two metals was employed; aud if the reduction was (:()!ltl-llllm.l. o
ammonia; as with a copper-zine couple the presence of nitrite, and
therefore of an oxygen carricr, would be prevented ?

Mr. W. R. Maguire (Dublin) said that in Dublin the public water

supply from the Vartry River is a very purc ouc, rescml?liug the
Glasgow water from Loch Katrine. Fifteen years ago it was discovered
that lead pipes and cisterns were attacked by this water, and the (.}or-
poration, in order to prevent lead poisoning, ordered that all lead pipes

for water shovld contain 3 per cent. of tin. This had heen carried oul

for 15 years without any case of lead poisoning attracting attention.

S;r Charles Cameron found that small carp placed in the lead tanks

showed signs of paralysis which so cramped their bodies that it caused
them to miss their food as they darted at it. In tanks made of lead

alloyed with 3 per cent. of tin this did not occur. Mr. Maguire i}lqui.red
whether this alloy would give absolute security against lead poisoning.
Small iron pipes conld not be used to convey Vartry water, as the pipes
were choked within a few months.

Dr. Russell mentioned a case in which a very pure water had
dissolved a large amount of zinc from the containing tank.

cm e el e - ——

What is the Importance of Magnesia in Drinking Water ¢
BY

Percy F. Fraxkranp, Ph. D., B. Sc. (Lond.), F.R.S., Professor of
Chemistry in St. Andrews University, Dundee,

e

It must be confessed that in spite of the enormouns amount of
attention which has for years been devoted to the chemieal analysis
of drinking water, we are still lamentably ignorant of the precise
hygienic imporiance of the mineral constituents which analysis reveals.
Indecd the diversity of opinion regarding these mineral substances is
far greater than concerning the more obscure and less easily handled
organic matters of drinking-water. Thus some authorities actually
prefer waters containing a very considerable proportion of mineral
matters, others object to such waters, and others again regard the
matter with complete indifference. Phosphatic caleuli, goitre, and
cretinistn have been by some referred to waters containing lime and
magnesia salts, whilst others have adduced evidence that snch disorders
are WhOH)‘ unconneeted with hard water. This question of the relative
fitness of hard and soft water for drinking purposes was submitted to
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Importance of Maynesia in Drinking Water, 83

investigntion by the Rivers Pollution Commission of 1868, who, after
devoting no less than 16 pages to o eritieal review of the evidence hefore
them, leave the matter in the supremely unsatisfactory condition
indieated hy the following words :—

“We oare, therefore, of opinion that whilst waters of excessive
hardness may be productive of calenlous and perhaps other
diseases, soft and hard waters, if equally free from deleterious
organic substances, are equally wholesome,”

The said Commissioners are, however, entirely silent on the
snbject. of magnesin; indeed amongst the innumerable analyses of
potable water which oceur in their Sixth Report there is, I helieve,
only one in which the magnesia is recorded at all.  This is in the case
of the water supplied from a deep well in the magnesian limestone to
Sunderland, which is said to contain 3:96 parts of magnesia (MgO)
per 100,000.

Within recent years there has however, arisen in certain quarters
in this country a belief that magnesia when present in more than a
very limited quantity is objectionable, and I am acquainted with
at least one case in which an otherwise unimpeachable water was
discarded in consequence of its containing a few grains of magnesia
per gallon.

This view is the more open to question in consequence of the
very limited information which is available concerning the proportions
of magnesin which are commonly met with in British potable waters.
The determination of magnesia is one of the most laborious which
ocenr in water examination, and is consequently but rarely undertaken
by water analysts; from time to time, however, I have had occasion
to determine the magnesia in waters which bave been submitted to me,
and I think that it may not be without interest to place on record some
of the results which I have obtained more especially on this oceasion,
so that the proportions met with in British waters may be compared
with those found on the Continent where the magnesian formations are
much more largely represented.

In the accompanying table, pp. 84 and 85, I have recorded the
results of analysis of a number of typical samples, which serve to
illustrate the proportions of magnesia found in the supplies obtainel
from some of the more important water-bearing strata of\great Britain.

These analytical results show that the caleareous waters derived
from the chalk contain only a very small proportion of magnesia, and
that even in the highly saline waters obtained from the chalk below
the London Clay the amount is also very moderate, only distinetly
greater than in the case of the normal chalk waters,

The proportion of magnesia, again, is considerably greater in the
water from the lias, as represented by the wells at Wellingboro’,
whilst the largest proportions were found in waters from the magnesian
limestone and new red sandstone.
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R6 Section V.

Tt will be further seen that in all cases in which the proportion
of magnesia is at all considerable (say, upwards of four parts), the
permanent havdness is high (10 parts per 100,000 or upwards), whilst
in none of the cases quoted is the permanent hardness above 10 without
the magnesia being above four parts; in faet, in waters with low
permanent hardness there is little chance of finding much magnesia,
and rice versé. Applying this rule, it will Dbe found that in all
probubility an immense number of waters in comnion use must contain
from four to six parts of magnesia per 100,000, & proportion which by
some nuthorities is regarded as objectionable. Thus, of 28 samples of
decp-well water from the new red sandstone analysed by the Rivers
Pollution Commission, no less than 16 or more than 50 per cent.
contained upwards of 10 parts of permanent hardness.  Again, of 15
spring waters from the new red sandstone, seven exhibited upwards
of 10 parts of permanent hardness. On the other hand, of 66 decp-
well waters from the chalk, only five or 7°5 per cent. had upwards of
10 parts of permanent hardness; and of 28 spring waters from the
chalk there was not one in which the permanent hardness amounted o
10 parts per 100,000.

If this investigation be extended to shallow wells, it will be found
that the number of probably magnesian waters hecomes cnormously
areater. Thus, of 87 samples of shallow-well water from the new red
sandstone, no less than 84, or 96°5 per cent. had their permanent
hardness in excess, and generally largely in excess, of 10 parts per
100,000 and again, of 33 samples of shallow-well water from the
chalk, 27 exceeded the 10 parts of permanent hardness. Thus, without,
at all forcing the rule as to the relationship between permanent hardness
and magnesia, it is obvious that waters containing from four to six parts
of magnesia must be of very common occurrence indeed, and that a
very large portion of our population must be supplied with them.
Until, therefore, a far more searching inquiry than hitherto has heen
made into the alleged cffect of such waters upon health, it appears to
me highly undesirable that any importance should be attributed to such
proportions of magnesia in drinking water which are otherwise of
unimpeachable purity.

In conclusion, I would call attention to the effect of Clark’s process
on magnesian waters, which is recorded in several cases in the table.
As u general rule, the proportion of magnesia removed by the treatment
with lime js small, much smaller than that of the lime removed, but it
is particularly worthy of notice that in the case where caustic soda was
used in conjunction with lime, as is now frequently done in the
softening of water for industrial purposes, the proportion of magnesia
removed was greater than that of the lime. ]

As the recorded determinations of magnesia in British waters are
comparatively scarce, I have thought it desirable to append the pro
portions of lime and magnesia in a series of 50 brewery-waters which
1 have examined from all paris of the country, although in only a
few instances am I able to assign the precise source of the samples.
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Importance of Magnesia in Drinking Water. 87
BREWERY WATERS.
Parts rer 100,000,
Lime combined |, . Total
as Carbonate, Total Lime. Magnesia.
No. 1 - - - - 1196 18-21 *31
g 2 - - - 749 774 3-90
w 9 - - - - 14-37 17-21 *20
» 4 - - - 1°04 1069 9-99
, & - - - - 1391 20+ 67 -81
"6 . . - 336 6°26 2-24
T S ; - - 12-31 15°16 436
g . - - 3+24 634 134
, 9 ; - 12+ 89 1544 76
L o - - - - 0 25°94 9-01
, 11 - - - 1627 20+ 46 1-81
, 12 - - Co- - 1281 16-47 1-87
, 13 (from Chapel-en-le-Trith, 0 1:04 57
Derbyshire.)
, 14 (from Brighton) - - 14-06 20- 87 1-11
., 15 (Chalk helow London clay) 281 2:81 1:33
,, 16 (from Cosham, Hants) - 17-41 23-46 2:84
» 17 (from Brighton) - - 1030 1369 41
, 18, ., - - 11-51 16-39 ‘61
,, 19 (from Wrexham) - - 16-99 21-14 2-77
, 20 - - - - 640 10+74 -89
L a1 - - - 10-37 10+ 69 6-21
L 22 - - . - 5454 554 1-74
» 23 - - - 9-53 11-13 *54
5 24 - - - - 1311 15:67 *19
w20 - - - 2-84 3-37 1-40
L 26 - - - - 14-91 1994 5°01
» 27 - - - 591 7°16 1-07
» 28 (from Reading) - - 15°90 25+57 1-21
. 29 - - - 7-11 1457 5°50
» 90 - - - - 20°26 2304 8-81
» 81 - - - 816 8:16 257
s 92 - - - - 14-51 17-00 736
» 33 (from Cardiff) - - 5-04 14-86 3+93
» o4& - - - - 19-34 28-89 2-14
,» 33 (from Louth) - - 11-60 13-36 1°16
»» 36 (from Taunton) - - 9-79 10-16 1-27
» 87 - - - 9-91 9-94 4-14
, 38 - - . - 9-36 1187 .56
, 39 - - - 1394 15-21 -39
. 40 - - - - -34 3-73 1-61
. Al - . - 17-64 32°56 5-99
. 42 - - - - 7-16 5166 27+10
. 43 - . - 1271 4660 20+ 57
, 44 - - - - 10°74 19-10 *60
. 45 - - - 10+74 12-29 1-19
,, 46 (from Hertford) - - 12-61 14°37 76
L 47 - - - -29 4-96 2-59
. 48 - - - - 10-04 11-00 3-03
» 49 - - - 3-29 3-39 3+30
50 (Chalk below London clay) — 2461 1-46

Average Magnesia = 341 parts per 100,000.
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38 Section 17,

DISCUSSION.

Sir C. Cameron stated that the Dablin pipe-water was soft, con-
taining ouly two grains of mineral matter per gallon. 1Ic¢ found that
soft lead pipes were sensibly affected by the water, and that small fish
placed in tanks became affected or paralyzed. The waters in a large part
of Ireland were hard waters, and contained magnesium as carbonate
sulphate, and chloride. In many cases he had found {rom Jto 1-0 griins
of magnesium salts per gallon. The rock locally catled calp, a limestone
with large admixtures of alumininm silicates, siliea, oxide of iron :}nd
iron pyrites, generally contained magnesia, often n large quantitics.
The Dublin well-waters were very rich in magnesium salts, He was not
aware of any injurious influences upon health produced by these waters.

Dr. S. Barwise (Blackbwuin) stated that tinned lead pipes were quite
satisfactory for soft peaty waters. The Blackbnrn water was very
similar to the Dublin water; it acted on lead; but, owing to the

Blackburn authority carefully insisting upon all lead pipes being lined |

with tin, they had no cases of lead poisoning.

Dr. T. M. Drown (Boston, U.S.A.) gave an account of the Massa-
chussetts State Board of Health's investigations into the natnral
waters of the State, and described the establishment of isochlors or lines
of cqual chlorine-contents of the waters throughout the State.

Sir C.Cameron stated that in the soft waters in Ircland there wasa
relevancy between the amount of chlorine and pollution, but in the hard
waters there was no such relevancy. Waters containing only 0002 parts
of albuminoid ammonia and 0'001 part of saline ammonia per 100,000 parts
contained from 5 to 30 parts of chlorine per gallon.

—— e — -

The Importance of Periodic Analysis of the Air Breathed in
Towns and Cities.

DY
K. N. BanapHUuryr, M.D., Bombay.

)

Good food, good water, and good air are the three necessary
clements which conduce to and preserve the health of living units,
All sound and healthy sanitation for the preservation of public health
is based on principles which vouchsafe and safeguard the purity and
wholesomeness of the supply of these three vital clements. In the
words of Dr. Guy : “Public Hygiene has to do with persons of every
« pank of both sexes and of every age. It takes cognizance of the places
« and houses in which they live, of their occupation and modes of life,
s« of the food they eat, the water they drink, and the air they breathe.”
Man is able for himself to reject any article of food which is injurious
to his health, yet in all large towns and cities it is regarded as a canon
of sanitation to provide against unwholesome articles of food getting
into the general food-supply; and to do this cffectually sanitation has

ealled in the aid of legislation, and rightly so. The provision of a pure
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water-supply in towns and cities is everywhere acknowledged as a great,
sanitary duty, and, after a pure water-supply is provided, to maintain
it in a state of purity is vegarded as a sanitary obligation. Tt is
rigorously insisted, and justly so, that no impurity shall he permitted
to have access to such water, heeause the fouling of drinking water is
often followed by fatal discases.  All the consideration which sanitation
bestows on the water of towns and cities is no less required for the
town and city air, It will not he disputed that of the three important
clements for the preservation of health and life airv is the most important
one, ad naturally so, considering the power for evil it possesses when
in a state of impurity. The mortality produced by using noxious
articles of food is trivinl as compured with the deaths from diseases
due to the drinking of impure water ; and the mortality on the score
of drinking impure water is considerably less—at least ten times less—
than the mortality due to the breathing of impure air. The infant
requires no water, but pure air, and more of it than the adult, inasmuch
as respiration is most active in infantile life. Zyvmotic diseases, which
destroy <o much infantile life, are due in a considerable measure to
impurities in the atmosphere.

If, then, the air we breathe, compared with the water we drink, has
such a powerful influence, and that to such an extraordinary extent,
for good or for evil, on the health and life of the population according
as it is pure or impure, the preserving of the purity of the atmosphere,
and the preventing its fouling, even with the lelp of legislation, has
certainly the strongest claims on the sanitary duties and obligations of
civilized towns and cities.  And we should, therefore, expect to find in
all well-supervised towns that the condition of the air was as closely
and constantly watched as the condition of the water. Instead of this,
what do we find? Carefully prepared periodic chemical examinations
of the water-supply are made, and the results are made public. The
people know the quality of the water provided for them. From time to
time the health officer on the strength of his analyses recommends
special measures for purifying the water before use. But there is no
such periodic examination made of the atmosphere, and not one person
in 10,000 knows anything of the condition of the air he breathes. The
municipalities provide, at considerable expense, a water-supply of as
pure a quality as can be obtained, and they take measures to maintain
its purity. A pure air-supply is a provision of nature, and nature does
try to maintain its purity. As soon, however, as population increases
and a large number of dwellings are put up within limited areas, as
oceurs in towns and cities, the atmosphere. necessarily gets vitiated to
a certain extent; and the conditions of town and city life are inseparable
from a somewhat polluted atmosphere. The expired air of human beings
and animals is one constant source of pollution of nature’s pure air.
The dry sewage or garbage of cities, which is always accumulating as
fast as it is earted away, is another source of pollution, and the decom-
position of liquid sewage, whether in drains, sewers, or cesspits, is a
third source of pollution. All these sources of pollution of town and
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90 Nection V.

city air are ever active, and more so by night than b).r day, more
active in warm than in cold elimates. The oxygenation in plant life
and the perpetual motion of the atmosphere itself are the pOWCI'fI.ll
means nature has at her command for preserving the purity of its air
supply. . .

But are they enongh to cope with the constant sources of pollutlon.
s towns and citiecs? Does not. experience teach us that the cefforts of
man to vitiate the atmosphere ave always, and especially in such places
a5 towns and cities, able to overcome the efforts of nature to keep up
the purity of her air-supply? It is an evervday expericence that whur(:.-
ever large numbers of people are crowded together, in theatres, pul.)llc
halls, workshops, mills, and other similar places, and where the v-entllu-
tion of the buildings is defective, the proportion of impure constltlu,:nts
increascs, and the atmosphere becomes distinetly vitinted and unsuited
to the preservation of health. This is the way in which the ut.mosphtfrc
of towns and cities is poisoned, and the tenants of these houses made ill.
The deadly effects of atmospheric blood-poisoning were most uninis-
takably seen in the unfortunate victims of the Black Hole of (.‘-a}cuttu,
and in the prisoners after the battle of Austerlitz. And the experiments
of the late Dr. Angus Smith have familiarised sanitary officers with the
offects of vitiated air in human dwellings and in public halls,

But experience has abundantly shown that the general atmosphere
of towns and cities as ohserved in the streets, in open places, and in
gardens is always in a more or less impure state. And indeed, certain
towns and cilies have such characteristic smelling atmospheres that
their names conld be pronounced by the sense of smell alone. The
odours of Bombay are peculiar to itself, and travellers smell Boqﬂauy ]
long way off. But the inhabitants themselves get so used to their f)wn
town odours that they, in time, do not perceive them. The natives,
although they daily indulge in ablutions before every meal to keep. their
persons clean—and cleanliness is health—little think of the pollution of
the air they breathe, often a fatal poliution to which they undoubtedly
cont-ribute. through indifference, or ignorance, or hoth, The degree
of impurity in the air which is inseparable from the conditions of
town and city life is easily exceeded, and whenever impurities in the
atmosphere exceed ordinary limits rapidly and to an unusunally high
degree, their poisonous effects at once manifest themselves. Fevers
and throat affections and cases of blood-poisoning multiply in the
city, especially in the hot months, when the sewers are most active
in polluting the house and town atmosphere ; then it is, also, that
zymotic diseases inerease vastly and provoke a great mortality, all of
which might be prevented if the atmospheric conditions of the towns were
regularly investigated, for means might be taken before the impurities
have gained access to the atmosphere to such a dangerous extent.
These rapidly occurring and often fatal cffects of the fouling of the
town and city air, no doubt, arrest attention, for they cause sudden and
striking rises in the mortality. But there is a more insidious and slow
process of poisoning which the population at large undergoes, and the
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extent of its deadly influence is far in excess of that of the rapid
process, A plentiful supply of fresh and wholesome air is the chief food
of the blood. A falling off in its food-supply either in quality or
quantity, or in both, is necessarily followed by poverty of blood which
ends in general deterioration of physique.  Not only does the blood suffer
thus, hut so also do the lungs, through which the air has access to the
blood. When a healthy plant from the open garden is removed to a
dark and dingy place with a foul atmosphere, the freshness and colour
of its leaves—the lungs by which the plant Dbreathes—decline, and
signs of fading life gradually appear which ultimately overtake the
whole plant itself.  Is it to be wondered at that in the reaction between
human lungs and the atmosphere impure air exercises similar deleterious
effects 7 Tubereulosis  derives its  chief power from foul air. But
short of true tubercular disease, there is o low form of lung breaking-
down, a mild form of chroni¢ phthisis which one meets with ‘extensively
in practice. Bvidences of this form of lung mischief are to be found
in patients who are admitted into the hospitals for other complaints.
‘They are to he very generally noticed nmongst people who have no idea
of ventilation or of the wholesomeness o1 otherwise of the air they breathe,
such as the occupants of chawl-rooms (which may have no windows,
or, if there be any, they are generally shut); amongst people whose
dwellings are apparently like mansions, but who oecupy rooms therein to
which one cannot see his way without candle-light even at mid-day ; and
in the occupants of lofty dwellings which have their atmosphere constantly
fouled by the emanations from the godowns and animal-sheds below,
and by the foul gas escaping from the decomposing garbage in the
gullies, or by the sewer gas which keeps up a constant current through
holes and escapes in the sullage pipes specially provided for it by the
genius of the plumber.  Indeed, the plumber has more to answer for in
endangering public health and life than the jerry builder who jeopardises
the lives of a few individuals by his fragile structures. The incompetent
plumber is certainly the arch offender. He undermines general publie
health, and that in an insidious and unwary manner. It is a matter of
congratulation that a special meeting of the Congress has resolved to urge
upon the authorities the necessity of registration of plumbers, thereby
climinating the most serious, and yet the most preventible, element of
danger to public health, by legally exacting from them a standard of
education and training which would naturally carry with it a knowledge
of the responsibility of their vocation and of their duty to the public
at large. These little details have been gone into only to show the
extent and gravity of the danger to public health from the undue
fouling of town and city air, and all from preventible causes. Great and
grave as the mischief is that is wrought by this fouling of Nature’s
pure air, the remedy is most simple and by no means difficult to apply,
and to apply successfully. But to apply the remedy successtully, the
right character and source of pollution must be traced; and neither
the character nor the source of pollution can be traced unless systematic
tests are applied regularly. And this cannot be done unless systematic
air analyses are regularly and periodically made.
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09 Seetion V.

It will now he apparent that a rvegular examination of the air

i1 towns and cities is as necessary, for the purposes of preserving
public health, as the examination of the water-supply; and, indeed,
more necessary, It is strange that no regular system of examination
of the air of towns aund cities has as yet found a place in sanitary
police.  Air analysis is andertaken in individual eases here and there for
cortain purposes.  But the objeet of this paper ix to point out that the
work should be undertaken systematically in all towns and cities; and
that the examination should include the air condition, not only of public
halls, workshops, and Kindred places, hat of private dwellings, gulleys
between houses, lanes, streets, parks, plavgrounds, and places of all kinds
temporarily or permancntly ovcupied by lnman beings and  animals.
Much sanitary advantage would result it air analysis as now disenssed
were given its regular place in the reports of the health officer. It may
be mentioned that, by resorting to air analysis, the atmospheric conclitions
of the public hospitals of Great Britain have been permanently improved.
Exactly the same amount of improvement could he effected in towns and
cities by applying similar tests to the whole of the populated areas.
Fortunately, it happens that the sanitary duty now insisted on may he
srried out without involving any but a small financial expenditure,
while the chemical qualifications required to do the work are by no
means great. In Indian towns and c¢itics the subject of air analysis is
almost unknown. In Bombay the health officer is the water analyst, hut,
an air analyst has no existence. It is in India that this system would
prove a very decided blessing, and for two special reasons, (1) becanse if
is there that organie and vegetable pollution largely pre -ils, and decom-
position of impurities takes place with great rapidity in the face of 2 high
temperature, (2) hecause liquid sewage is a dangerous difliculty in that
country, much more dangerons than in England.

— - —————

DISCUSSION.

Professor Odling stated that the analysis of air for sanitary
purposes was not mnew, and pointed out its value in regard to the
incidence of disease. He considered that such an investigation as that
proposed by the author to bhe carried out in India would he most
important.

Sir C. Cameron said that the biological examination of air was of
even more importance than the chemical. As a member of the Army
Sanitary Commitice, and a Speeial Commissioner from the War Office,
he investigated the causes of the excessive amount of typhus fever in the
Royal Barracks, Dublin. He found that the number of micro-crganisms
falling per minute per squarc foot in a well-known unhealthy part of the
barracks greatly exceeded the number falling in healthy parts. Asto
the frequency of pulmonary disease in Bombay, where there was a high
temperature and constancy of temperature, he Dbelieved that changes of
temperature or exposure to cold produced bronchitis, post-nasal catarrh,
&c., but did not affect the lungs; thesge, however, became the seat of

B A TR

i L

LPeriodic Analysis of the dir Breathed, §e. 93

disease when tuinted aiv was inspired. The prevalence of pulmonary
disease in Bombay appeared to he due to blood poisoning.

Dr. Gibvon insisted on the importance of the systematic chemieal
and bacteriological examination of air in all cities and towns.

Dr. Nasmyth had investigated the air of mines, and his experience
was that the air of coal mines was much purer than the air of an ordinary
inhabited house. He poiuted out that the organic impurity of any given
atmosphere could not be measured by the number of organisins tl?at it
contained, the number of these organisms depending upon other con-
ditions. Near habitations the number of micro-organisms increased
largely in the air. He regarded it as very important that the air of
mines should be subjected to systematic examination.

———— e —

On the Effects of the Respiration of Carbonic Acid on Man.

BY

W. Marcer, M.D.,, FR.S.

- e— -—<)'°':‘J--

The subject is dealt with under three headings :—
Firstly. The source of the presence and aceumulation of
carbonic acid in the air hreathed.
:Secondl}'. The action of re-breathed air on the human body.
Thirdly. The action of carbonic acid gas breathed in volumes
which either produce insensibility or prove fatal.

Firstly. The source of the presence and accumulation of earbonic

acid in the air breathed. -

This is derived principally from the decomposition of organic
matter in- the earth, and also in some measure from the consumption
of coal. The amount of coal consumed in London and 15 miles
around is about 9,400,000 tons per annum, which would give oult
28,866,867 tons of carbonic acid, equal to 3°53 cubic miles of that
gas. A source of carbonic acid, perhaps least thought of, is derived
fron} the process of fermentation, as in the manufacture of beer ; this
gas is usnally lost, but it is now, in some instances, collected from the
ats, condensed into the liquid form, and used mostly for refricerating
purposes. The amount obtained from Messrs. Guinness and C(i 18 saiﬁ
to l:each the enormous figure of 32 tons per diem. Again, the -in-
Ths scomrcnen o oy vt oxcecs of easbont aeid 1 the mmorneh
. any great e arbonic acid in the atmosphere
1s prevented, however, by the extreme diffusibility of this gas, so much
s0, that under & comparatively clear sky in the streets of : large town
like London, therc are barely more than four parts in 10 OOObof air
while in the country the proportion may be considered to ,l)e betw;eli
3'5 and 3*8 parts.

' I have made experiments relating to this subject in eonjunction
with my friend Mr. Landriset, D.Sc., of Geneva. They have been
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94 Section V.

recorded in the © Avchives des Se. Nat. of Geneva,)” and snbsequently
in the “Journal of the Meteorologieal Society for 18877 Our object
was to find out if the proportion of atmespheric carbonie acid varvied
between such different levels as the town of Geneva and the highest
point of the Jura Mountains, ealled the Dole, the difference in altitude
being 4,193 feet. Former experiments on this subjeet by Th. de Saussure
and P. Trochut had given different results; de Saussure found an
inerease of CO, in higher altitudes and Trochut a decrease.  Our
experiments were undertaken simultancously at both stations, and the
atate of the weather was carefully recorded at the time, precantion
the other observers do not appear to have taken.  Fifty analyses were
made altogether, by Pettenkofer’s method, at both stations inclusively,
and the results show distinetly that in fine, clear weather, there was no
difference between the proportions of CO, in the air of the two stations;
therefore, umder a cloudless sky, the carbonic acid diffuses equally
throughout the atmosphere.  Three experiments made on the mountain
while the observer was in 2 fog or cloud, the corresponding experiments
near Greneva being carried out in fine weather, gave 3 - 24 parts of CO, for
the high station, and 388 for the low station and in clear weather; on
another oceasion, one experiment on the mountain while in the clouds
gave 2-94 of CO,, while three-quarters of an hour afterwards, the fog
having temporarily disappeared, the sun came out brightly and the
CO, rose to 3-91 parts, falling again when the cloud formed afresh
round the observer. It follows, therefore, that on the top of a mountain
there is less €O, in o clond or fog than in fine clear weather,

From Dr. Russell’s experiments, and those I have also made on
the same subject, there can be no donbt that the very reverse takes
place in large towns in foggy weather ; when the streets of London are
obscured Dy a dense autumnal fog the atmospheric CO, is greatly
increased. 'This is clearly due to the carbonic acid generated in towns
being absorbed by fogs, while the diffusion of the gas is much less rapid
through fog than through the atmosphere when clear. But on the top
of a mountain the CO, formed on the spot is small, and when, after
diffusing through a cloud, it reaches the outside, the tension of the gas
is rapidly increased by the sun’s action, and it escapes. This same
tension will prevent the cloud from absorbing CO, from bhelow, and so
the cloud loses its atmospheric COs.

Secondly. The action of re-breathed air on the human body.

According to E. A. Parkes, the cffect of fetid air containing
organic matter produced by respiration is very marked on many people,
causing heaviness, headache, and in some cases nausea. It is stated, in this
author's “ Manual of Practical Hygiene,” p. 115, that from experiments
on animals, Gavarret and Hammond have found that the organic matter
of the breath is highly poisonous. Besides COj, we have certain
volatile constituents of food, such as aleohol, garlie, &c., which are
found in expired air after being swallowed. Like all other substances

ejected from the body, such gaseous products must be unfit for use,
and injurious in a concentrated form, but it is also very possible that
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some nitrogenised organic matter, not. present. in food in a volatile form
is given out from the lungs,  Expired air invariably discolours pomssiun;
permanganate, gives rise to the formation of s;llplmrous acid when
passed through sulphurie acid after filtering through cotton wool, and
can be made to vield ammonia. As to the unhealthy action 0;"i]l-
., e RTT ] ) . a . .
for 1487, by Mo Carneles, Eoboncs il Ao, o
hat there is a great increase i -.],' ortality ‘”3‘ ] o oy oW
tha ; 5 'n(,u..a.(. in the mortality of children, especially
under five, who inhabit. onc-roomed houses over those in four-roomel
ho'uses,.:uul that this is owing fo the accumulation in the air of c:lrhon%c
acid, micro-organisms, and other atmospheric impurities.

I have lately carried out experiments on re-breathing air, which
are described in the “ Proceedings of the Royal Society ” fo?' t]ne’prcsont
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2 vear. The experiments were made on four different persons. in a state
::: : , i . o o Ol .
i () @ S e  Ire: ] Ny

5 ’;;* {1 pose, the 1119([9 of Dbreathing heing perfectly natmral. “Thev began
7 by expiring the air they breathed into counterpoised bell-jars c511;1:191;(-10,(1

it

over salt water, and the CO, this air contained was determined: the
n.ext, or second stage, of the experiment was to re-breathe 35 litr,(lq’o{”
air from and into & counterpoised bell-jar during five minutes (ins )il.:illﬂ'
throngh the nose and expiring through the mouth) ; innne(l.intelhxl' 'lftob'
emitting the last expiration of re-breathed air, and while taki-n‘ ‘llll
inspiration of fresh air, the air expired was turned into another gn .h .
means of a three-way cock. After the third quantity of air hadJ‘boeSl
collected, the air expired was directed into the first .jar (now em fi(;d
and the fourth and final quantity was taken. The carbonie aful ig
every case was determined by Pettenkofer’s method.
The results from this inquiry were as follows:—
(1.) On re-breathing air in a closed vessel less carbonic acid is
expired 1n a given time than in ordinary breathine ‘ |
(2.) The persons who emit most carbonic acid in 1-e-bre?1..thed air
are those who expire most carbonic acid and air in ;Ile
same time in ordinary breathing. ' |
(3.) On re-breathing 35 litres of air in a closed vessel for a
period of five minutes, the volume of this air un’dercoe;
a slight reduction. T
(4) Wher tresh- air is taken into the lungs, immediately after
re-breathing air in a closed vessel, the volumes of air
{'e-brea.l.thed and weights of CO, expired are greater than
in ordinary breathing. -
(5.) The effects produced on the chemical phenomena of respi
ration by re-breathing 35 litres of air in a closed ve-sls)e;
(h{ring ﬁvoj minutes have passed away in less than Isi\'
2;111;:; | after the breathing of fresh air has been
In an experiment, made bhefore the i i i
gentleman whoI:lssisted ;ne at that time 122;1'51]:1?:;101'?)?101{111 SOFmty’ e
! athe ne minutes the
small volume of 10 litres of air; a recording instrument being connected
with the bell-jar showed distinctly the increase in the ampl?tude o?ct;e
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96 Section V.

respirations and in the speed of the respiratory movements as the air
beeame more and more vitiated. . .
My inquiry vields one resulty, which appears to e unpori':mt, in
point of view of hygiene-~that the effects produced by rc-.br(»at]nng iur,
I mean the increased volume of air breathed in a gi\'on. time and CO,
expired, pass off very rapidly after breathing  pure air. Heuc'v, .11.1('.
importance for people who are called upon to ma!u-. a prolongel ht'lf:\l ]m
ill-ventilated apartments to go out into the open air as .of ten a5 posible,
were it only for a few moments at a time, and to sleep in well ventilated

Ow the Effects of the Respiration of Carbonic Acid on Man, 97

instantancously and were unable o stay above seven or cight minutes,
Dr. Smith remaizad in the chamber for 20 minutes, and then felt very
uncomfortable, and anxious to get ont. An interesting inquiry by
Dr. Emmerich was made at Munich in 1887 or 1888, and published
with an addendum by Dr. von Pettenkofer. Several observers, including
Dr. von Pettenkofer, having entered a vanlt in the Institute of Hygiene
at Munich in which several candles were burning, €Oy was evolved by
opening two eylinders containing the componnd in the liguid form ; in
abont a quarter of an hour two of the eandles went out and several persons

.
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rooms. . ft the v * Dr. von Pettenkofer v Trillich. 1 Rate :
Thivdly. The action of carbonic acid gas breathed in volumes left i']l(.' ault, only Dr. von Pettenkofer, Her T'rillich, and _Hon Rats :,,
Thirdly. ‘l" “ac el o po fut-Tl remaimng, the two latter gentlemen staying until all the CO, in the vj

Jalee - - . s < 15]11‘- . H dal. T e ) . -‘ . . - . .E
“hld,l,]e lﬂ“; ptl()( u(,(,lm ell by the 1 mll)ir-ltion of air mixed with earbonie evlinders had evaporated.  The candles went out when the air contained ;_‘“ ,;‘ .
The effects produced by espit ‘ o - i e 6. wcordi . experi . .
ud Lonsidl;mblv according to the rapidity of the action, The cight per cent. of CO,. According to other experiments by Karl LB
acid vary ¢ ably g ¢ A g

. b‘]-i(‘("'lll(]er 'ln(l ]‘]‘I‘Vill I—I(nl-teln "l])])it‘; ¢an li‘,e over an 110“1' il
'+ . .. X3 4 [ . H b H : l ='|11
influence due to the suddenness of the exposure, is well illustrated by :

< - t . - I L3 I - e [ . Ollt ll]l]l]c ;4 )')I' "elll Ot' ‘ IO

T panti LTy i s potsens 10 0 A P il bl b sl e an AT 2 At L

Stk

! "I: . - o . . ) . . .
etk : . v« after two hours, it was still alive, two 3 There are many records of accidents from the inhalation of
oL Iy recciver of two litres’ capacity ; a o . 3 carbonic acid gas: one of the most remarkable I ever ca A0S
47 her birds were then introduced into the receiver and they died ; the ) o, v ’ e Vel .m‘e :1(,10..3.
,{'{; e R other birt thd mn hour later, warmed and when quite i 15 recorded in a Geneva newspaper, the “ Journal de Genéve,” of
DS B » . ra - [IRtA H d < - € R -
[ TPy first sparrow was Wit r]‘l“l; t died i‘mm;di tely. ‘This experiment 3 the 7th October 1886. The account is very short, and I venture to
O - S - ’ a1 1 i b rnen 1 1¢ ately, b . . - . . .
-%'_ﬁ;’%;‘g well, was again mtf()du('_el s WHCTL AL O howine that people who i3 give a verbatim translation of it. “ A melancholy accident has just
4,k is very interesting in point of view of hygiene, showing thal peopic = “ thrown into a state of utter consternation the small village of
adapsy become gradually accustomed to a close atmosphere can exist in com- & ) o Al ' Atk 5 1“ village o
P ccome glratiile : litions which might prove baneful, and 8 Constet, near Barsae, 30 kilometres from Bordeaux. Two labourers,
RS mtive © nditions wihic ‘ ) i s e i :
; : parative comfort I;Im er colt life in the ope?l wir i3 “ named Loubrié and Blane, were working in a cellar belonging to
SRS : ors used toa > Rty 39 : .
S perhaps fatal, to other bonic acid is innocuous when b “ Mr. Gaussem, n merchant. Blanc observed that wine was fermenting
3 FRgecy Claude Bernard also found that carbonic ‘“’“1 51 Tal 1 ot tllw ?’3‘ “in a vat; he went info it with the object of pushing down the grapes,
Pl injected into the veins and arteries of & d?g’ th: gus bl nglgg 1.)1:13;; ' e “ which the evolution of gas in the fluid had driven to the smrface. He
SRR . . . irds died in air containing iares i— . . .
S lungs; on the other hand, birds died in air contamning 29 1 g “ mstantly fell asphyxiated.  Loubrié¢ ealled for help, and a man named
4 S Oxygen - - - ' 13 ﬁh “ Finore, who was working in the neighbourhood, ran up and went
T Carbonic acid - ' : i ] “ into the vat to try and save Blane. As he did not re-appear, Loubrié
R Nitrogen - - - - ‘g “ tried to rescue both men but he also perished in a like manner.
S L P Al .
ARy 100 L “Two courageous persons, Chassin and Puzos, went down one
o i = “ after the other into the vat, notwithstanding the protests and suppli-
‘ L . hat when breathed, even in the presence of an excess of . “ cations of the witnesses of this horrible drama; both of these men
SRS showing Th“‘ “t'l ¢ ‘CO ,is no loneer the same as when injected ; “ met with the same fate as the others. In order to remove the dead
I SR a6 3 " s FR LD - g
IR R oxveen, the action o g I o “ : $: . . . . :
o Yt s eine continuously given out at the lungs, the bodies a portion of the roof over the vat had to be demolished.
B lwy the injected gas 3s being ' LB s tion 3 “ Finore alone was still breathing and there are some hopes of his
S nsoi .woes continuous accumulation until its proportion 1s : as S aving e s PES :
Pd s inspired gas undergoes continuous “ recovery.”
3 e too ereat for the maintenance of life. L _
nI have made experiments upon myself and others, when about The fm'egomg lemm.ks Sho“.' = o~
3 35 Jitres of air containing from 2+ 5 to 4 per cent. of pure CO, was inspired Ist. That when air containing an excess of CO, is breathed, the
i - o liire o “ . a8 a0 i i . .
b from a bell-jar and expired into the external air. The CO, accumulating gas accumulates rapidly in the blood, and under such a
4 rom i -jar xpire ‘o ) “ iti : ition ar e or
o) . body. the effects became more marked as time elapsed ; the first fzou(htlon th(.e phenomena of nutrition are more or less
Pt in the body, th . . . fiftl interfered with; and also that people working in ill-
1 4 minute a slight want of air was experienced, but in the fourth or fifth J : ] 9 L p s
1 inute, the Dqensatim:l was decidedly uncomfortable, and could not have ventl ated rooms and bmld_mgs, should, for the preserva-
173 minute, R b tion of their health, sleep in as pure an atmosphere as
il :h longer. . ap . )
Q1 been endured much longerf . - hed in 1872, in his possible, where they will rid their blood of the carbonic
by Dr. Angus Smith made investigations (published in 1872, 1 1 absorbed in f] - lv £
rh book on ¢ Air and Rain ”) in which an air-tight chamber containing ond. - acld absorbed m the day tmme. . R
£ 3-84 per cent of CO,, was entered by two gentlemen, who got headaches nd. That the effects produced by t.h(? 1.11]1a]at10n of carbonic acid
Ex « P 2 gas depend greatly on the rapidity of the exposure. The
g

sudden inhalation of air containing a large proportion of
1 p. 1838. G
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98 Section V.

the gas may produce rapid insensibility and death; \\'!ulo
this same air might have been breathed for some time
with 2 cortain degree of impunity, had the carbonic acid
present been introduced gradually. - . o
ard. That when life is threatened by the mha]:ztlo'n of carbonie
acid, there is no reason to despn.ir of artificial r.espl]r.:;.m.n
so long as the heart is heating; the gas will dilfuse

rapidly from the Dlood into the air with which the lungs
are inflated, and will thus, be carried out of the body.

Sy p

DISCUSSION.

i s. Cameron drew attention to ti '
Ham?nlincf 111: the United States, 10 or 12 years ago, shox‘vmg_ (I-lulx)t“ :1;((:
harmful natare of expired air was due, n.ot to the cm'hom](i ac}ll, eﬁ'ecés
the organic impurities it likewise contmnqd, :u-ld t.l'mt the 11 offeots
continued after the removal of the carbonic acid by .chem.lca' A W; .
This is also shown by the health of those employed in mineral Wi

anufaciories. . .
mm;frofessor Odling pointed out that the cffect of the Elhal:,]t:)c::
of pure carbonic acid gas was very similar o ihat prodnced by ni .

oxide.

e experiments of Dr.

Friday, 14th August, 1891,

Tsie PrespesT, Sik H. ROSCOE, tx THE CHAIR.
——

Meteorology in relation to IHygiene,
BY

ALexaNnper BuocAN, M.A., LL.D., F.RS.E.

Y o O

No city can be compared with London as affording the best
available materials for an inquiry into the relation of weather and
health : the data for the inquiry being supplied (1) f.rom an enormous
population spread over an area SO restricted that it may be regarded
as having one uniform climate during each of the seasons of the year;
(2) by fairly satisfactorily full reports, Week. by week, of weather and
of the number of deaths from the different diseases; and (3) by returns
extending over a sufficiently long time, viz., 46 years.
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Fig. 1. _
Mortality at different Ages—for both Sexes and all Causes.
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Meteorology in relation to Hygiene, 99

As regards such disenses as dinvrheen, bronchitis, and heart disease
(Figs. 3, 2, and G), which are to & large extent directly and immediately
under the influence of temperature and humidity ; and such epidemics
as searlet. fever, diphtheria, and whooping cough (Figs. 4, 5, and 10),
the rate of mortality from which is very largely determined by
season and weather; a comparatively small number of years is required
to give a satisfactory approximation of their true weckly curves or
mortality.  Butin dealing with the data of 2 large number of discases
whose mortality is relatively small, it soon becomes apparent that
all the 46 years are needed in order to give sulliciently close constants
for the ewrves of weekly mortality for a considerable number of
these diseases.  The curves of weekly mortality thus arrived at suggest
complications of special diseases and their connexion with each other,
which complications would be entirely masked if monthly averages alone
were employed.

The climate of London in its relatious to the public health may be
divided into six different types according to the season of the year,
viz. :—1. Dawnp and cold, fourth week of October to third week of
December ; 2. Cold, fourth week of December to third week of
Febroary ; 3. Dry and cold, fourth week of February to second week
of April; 4. Dry and warm, third week of April to third week of
June ; 5. Heat, fourth weck of June to 1st week of Septemiber ;
6. Damp and warm, second week of September to third week of
October. _

The curve for the whole mortality (Fig. 1) shows two maxima of very
different degrees of intensity; one the greatest and longest-continued
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100 Section V.

extending from November to April, and the other strictly confined 1o
the summer months.  Now the singular point of the summer maxinunn
i that it virtually disappears if the mortality among infants under one
year he subtracted from the whole mortality,. Hence the most dele-
terious clement in the climate of London te the health of the people is

gy B o s i
e v (RPN ST I Y - |
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«f L4 '3 L F. 3 v ) !
{;il‘w‘f] \:]lll‘l(!l “:l.‘:, s .u-gur(ls London, one of the very coldest on record,
ith the low temperature the deaths from hronehitis rose greatly above
the average of the season, the highest in any si & being 711
‘ SO, ghest many single week being 711
during the second week of the year.  But during the low li(‘llll)(';ltlll'(z

and (;(‘;IIS('. io.gs of the winter of 1880 the mortality from bronchitis rosg

to 1,223 during the first week of February.

| In stumer, when ¢ heat’ is the chief chnracteristic of the climate,

the lll-l.\l‘l.lllllll at that season is caused Ly discases of the alddominal
yrs < m - 3 ) ‘

organs (Ifig. 3).  The peculiarly malignant character of summer diarrheen

the low temperature of the winter months; and this remark may be
extended 2o all imates in which the temperature of the winter months
falls repeatedly helow 40°,

OFf the diseases by which the excessive winter mortality of London is
oceasioned, the first place must be assigned to diseases of the respiratory
organs (Fig, 2), notably bronchitis and preumonia, to which alone
one-fifth of the whole mortality of London is attributable. Statisties
show that the greatest fatality from these diseases oceurs when the
temperature is between 32° and 40°; or, say, between the temperature
of the maximum density point of water and its freczing point.  Thus,

[N

Fig. 3.
Diarrheea.

Deaths, Jan, Feb, Mareh  April May June July Aug. Sept. Oct. Nov, Dec.
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that of London, the mortality from bronchitis and pnenmonia is greatly
less; and it is also greatly less in Melbourne, where the winter
* temperature is 10° higher than that of London. Indeed, in Melbourne
the death-rate from diseases of the respiratory organs forms but a
small fraction of the whole deaths of the year. This general result
is confirmed by the climatic and mortality returns of other cities.
Similarly, the higher summer temperature of New York as compared
with London results in a higher death-rate in New York in spring and
early summer from brain discases (Figs. 7 and 8). ]
There is, however, an clement of weather other than mere tem-
perature which plays an important part in Dbringing about a high
death-rate. That element is fog, which in proportion to its density and
persistency sends up the mortality with alarming suddenness to a degree
exceeded only by Asiatic cholera. Let me emphasize the factin the
strongest manner that it is not low temperature by itself, but low
temperature along with dense and persistent fogs which is accompanied
with this appalling mortality, A single illustration will make this clear.

Nore.—The darkest shaded part indi
N : part indicates deaths under 5 years ighte
portion at foot of figure shows the deaths at successively higher ages " the Tighter

Among young children under five years of age is seen by the m
weekly mortality rising from 20 in the lni(l(ﬁje of June to 349-’i11 (;11];
first week of August—when the temperature is about the a.\;:arncre oit:
the season. Butin July 1876, when the temperature was 3°6 qu—z t1
average, the mortality from diarrhceea among children rose t(; 502 on
the last week of that month. On the other hzﬁu] during t.h(; cold s n Oln'
of 1860 the largest number for any week did not: excee(ti 90. e

. Of t}le large British towns, the lowest mortality from summer
diarrheca is that of Aberdeen, which has at the same time the lowe's.t
Sulnmer temperature. The diarrhaa mortality of each Iaree town riq;as
from year to year proportionately with the increase of temlﬁerature ; 1;11};
the rate of increase differs widely in different towns, pointing to c:u s
othf}r than mere weather, these causes having ,heir ori?rin in(‘ ;;1:
Ssanitary condition of the town, The recognition of this in zuite 1-(:c¢;nt
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102 Section V.

vears, and the measures taken to remedy matters, are among the most

watisfactory outcomes of the inquiries we have now in hand.
The curves suggest several contrasts and other relations wnter se.
‘Thus, while the whole mortality shows September and October to he two

3 4 < tare ceonrie r43]° e ‘

of the healthiest months of the year, the curves for scarlet fever (Fig. 4),
- - " L3 - i - -. PN . . r " .
tvphoid, and diphtheria (Fig. 5) form striking exceptions. These three
curves are closely related to each other, each having, however, a well-
It is a singular circumstance that
phases of its death-rate with
curve for ortification s

marked individuality of its own.
diphtheria shows closer relation in the
typhoid than with searlet fever. The
substantially that of nervous discases, ant
puerperal fever are in all essentfial respeets the sawme.
old age runs exactly parallel with the cuarve for paralysis.
for skin discases, rheumatisim, dropsy, pericarditis, Bright’s disease, and
kidney disease exhibit the closest and most striking alliances with each

the eurves for vry:-.:ipul:ls and
The curve for
The curves

other.
_ Fig. 4.
Scarlet Fever—for all dges and both Sexes.
Jun. Feb. March April DMay June July Aug. Sepl. Oct. Nov. ke,
peren s 18 LA LERRE AN LR RS Prigrey I!li»lll llllg+7up.cum.
iy = Mo sne,
Mean Line _;\ | - Meun Line
u \\—-—“q—ﬂ’\/’v‘_‘ :I I
—sop.cent.fy pp by vyt bpvrhnetd SR IREE EREER RERRERE 1111 — 50p.cent
Fig. 5
Diphtheria—for all Ages and both Sexes.
Jan. TFeb. March April May June July Aug. Sept. Oct. Nov. Dee.
+ Jp.cent. 11! ![I|lll prrrgrrigrenptind + 40 . eent.
Mean Line Mean Line,
_/\.l,\’~ b, )
— 40p.cent. SRR EEEE EERRE REN — 40p. cent.

Lastly, while diseases of the abdominal organs attain their greatest
mortality when temperature is highest, diseases of the respiratory
organs and of the circulatory system (Fig. 6) when temperature is lowest,

Fig. 6.

Circulatory System—for all Ages and both Sexes.

Nov. Dee.

11 % + 40 p. cent.

’_,\/.L/—- ~ / Alean Line.
REN j — 40 . cent,

vl atit

Aug. Sept. Oct.
b1l | 111

Jan. Fen. March April May June July

+40p.cent. AV T pLIBEITLI lllllllllllllll!llll

Aean Line

—40p.cent.Ell|lHl_l_lllllli HIII!II U N RN
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nervous diseises (Wios. 7 4 T .
ervous diseases (Figs, 7 and 8), phthisis (Fig. 9), and whooping-

Fig. 7 (New York).

Meningitis and Encephalitis—for all Ages and botk Sexes.
Jan.  Feb, Murch April May June July Aug, Sept. Oct. Nov, Dec,

PRI e gl bLam I1_I||II||I|||111 llllj'i"mp-cc“to
1
= ' , Mean Line.

HIIIIIIIIH I

+ 0 p.cent,

Mean Line

Illlllllllll IER

- 40p. cent. U ERE L ET=7T11 14 —4p.cent.
Fig. 8 (London).
Cephalitis.
Jan, Peb. March April May June July Aug. Sept. Oct. Nov. Dee.
+3opcent. UL LTI EERT RN LR prrrgend

+ 30 p.cend.

Meun Line

Mean Line.
- 30 p, cent,

IIIIIIIIlllllllllllllllllll[
cough (Fig. 10) in the dry weather of spring and early summer, and
skin (lls,(.-uscs. and certain fevers during the raw weather of autumn
and early winter, the diseases which are quite removed from weather
influences (such as peritonitis) exhibit curves which show no obedience
to season, but merely a succession of sharp irregular serratures.

— 30 p. cent.

Fig. 9.

o)

Phthisis—for all Ages and both- Sexes.

Jan. TFeb. Marelh Amril May June July Aug. Sept. Oet. Nov. Dec.
+30p.cent. T 1] AR R AR R RN E RN DR R RN AR RN R <+ 39 p.cent.
Mean Line N s I M ean Li
3 N cont. R —os N [N 'VTV €in Lince.
NN R A NN AN AR R R AR RN — 30 p. cent.
Fig. 10. .
Whooping Cough—jor all Ages and both Sexes.
Jan, TFeb, March April May June July Aug. Sept. Oect. Nov. Dec.
F0pecent. Y pr L rrgploigerngvtnget gt ! 5
;/_ ,_..,-/\.)\ i 11 I_ i E + 50 p. cent.
A . N
ean Line " e //f Mean Line,
- o, ]
e x ]
—-50p.cent, LITIRETILOLITRLITL 0T ARRR ARSI NEER Dunxs Runl BN IHD—;‘iDpcent

- The weekly returns qf the Jast six plagues of London (Fig.11), published
in 1662 by John Graunt under the auspices of the Royal Society, have been
examined in view of the results now established, The manner in which
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N R T Rt At

the Plague, as a death-producer, obeyed the weather, is striking. It did
so exactly as we now see howel complaints to be influenced by weather.
Fig. 11.

Suowing by Turee Curves—(1) Doublr-dotted Line or Highest Curve, Weekly Mortality
during the Great Plague in 1665; (2) Lower Dotted Curve, Mean Weekly Mortality
of the Six Plagues; and (3) Solid-lined Curve, Mean Weckly Mortality from all other
Diseases during continuance of the Six Plagues.

BT R SR . N

Weekly Jan. Feb., March April May June July Auvg. Sept. Oct. Nov. Dee. Weekly

o e s

), " e

et S T e *

LSl - - o el FEE 4 By sy IR
R 5 - - N SN L ta

Deaths - Deaths.
““"n: RN N L nn,JnniluT-H"n
it — 7000
7000 f— &
it
: s :
] i
‘ i —] cooo
[z 1 PR
: He i [
AT 5000 }— i % —1 5000
SR Y
1 ;,x H 1
bl 3 ,',: ] ‘1000
L - A [ -
H o 4000 : 1
R4 I H
§° xEn: . 3
(£ ’ :; ! ¥ 3
8 3t [ 3 —1 3000
T? g soo | H '-.
3K 2 i
¥ i.[ H i
R4 2 ALY 1
BERT B 2000 §__ doJe 1 —{ 2000
] : L ~ ') ’, -
’!‘1": 43 -: .0“ ‘.'-. ;
i:‘ 3 F .o o.. |. ""
43 000 ] A WM e
I 2 o, [
i- A -.::' “"lu=‘=
44 3 KIS 1| L b PO T e
ST
SRS The curve for the Plague bears no resemblance whatever to the curve

for typhus, or indeed to that of any disease except howel complaints.
This close resemblance suggests whether there was not a closer alliance
Detween them than has been suspected. If the results now ascertained
be regarded as a fair outcome of our inquiries into the relations of
weather and health, it is plain that such investigations may point to
a sct of morbid processes which have been cloaked by prominent

: phenomena, apparently of a primary, but in reality of a secondary
(ol character.
e
1t
DISCUSSION.

Dr. G. B. Longstaff stated that meteorological curves and curves
of deaths, however closely related on cause and effect, could not pos-
sibly correspond exactly, owing to the fact that the interval between
the death and its registration averaged about five days, and the interval
between the commencement of an illness and a resultant death was
of uncerfain and often considerable duration. He stated that, in his
opinion, meteorological changes were not of themselves the cause of
death, thongh the nnmber of deaths appeared to be a function of those
changes. Fog alone, or cold alone, did not directly cause the deaths from
respiratory diseases; bub there was a ferfium gquid, perhaps the germ
of ordinary communicable cafarrh., TFogs must be distingnished into
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those mixed with smoke and those free from smoke, the latter probably
not having any pathological significance. Again, smoke fogs must be
divided into those in contact with the ground and those forming a pall
overhead, probably the latter would be found o have comparatively small
influence upon the mortality. He explained the very close relation
between the eurves of apoplexy and mortification by the fact that Loth
are symptoms of disease of the arteries chiefly in old people ; that cold
raised the blood pressure and hampered the circulation, resulting in some
cages in rapture of an artery and apoplexy, in other cases in stopping
of the local circulation and mortification. In conclusion, he stated that
Messrs. Buchan and Mibchell deserved great credit for their valuable
improvements in the methods of exhibiting statistical results.

Dr. Tripe, Medical Officer of Health, Hackney, said that Dr.
Longstaff had already referred to the interval which elapsed between
the death and registration, and also to that between the weather causing
the illness and the deaths. He had in his investigations allowed two
weeks, but he now thought that to be too small an interval except as
regards diartheea and perhaps diphtheria. In the former, the action
of heat is rapid so soon as the temperature of the soil at a depth of
six inches, or of the Thames, reaches 65°. As to the effect of fogs, they
vary very much according to their demsity and quality. This was well
shown by the fogs during January and February 1880, when they were so
dense as Lo prevent him from seeing the kerb, and the number of deaths
from inflammatory diseases of the lungs was then more than double those
in 1891, when the temperature was lower than in 1880,

Mr. W. North called attention to the curves drawn by Professor
Tacchini, showing the relation between the rainfall in the nonths of
March, April, and May, and the number of cases of fever in the Province
of Rome in the autumn. As the result of his own experience in the
Roman Campagna, the author was led to entertain grave doubts as to
the possibility of explaining the phenomena of intermittent fever on the
hypothesis of a pathogenic organism ; the relation of malaria to local
climatic conditions is no longer a matter of question, and is so close that
it appears to be not unreasonable to regard the latter as powerful factors
in camsing, if they are not themselves the cause of, the disease. It appears
that the mode of operation of these climatic changes on the organism may
be accounted for on some such hypothesis as the following: the tempera-
ture of the body may be reasonably regarded as the result of the interaction
of two rhythmically acting forces, interference with one or other of which
will produce the phenomena of beats, to which the regular intermission
of malarial fevers have at least a very close resemblance.

Dr. Russell pointed out, with regard to London fogs, that when
there was a greab increase of death-rate a low temperature always
accompanied the fog, but that there were, on the other hand, several cases
of dense fogs without decrease of temperature, and then the death-rate
did not fall below the average ; hence it appeared unfair to say that the
fog itself was the sole cause of the great mortality.

In reply to Dr. Russell, Dr. Buchan stated that he fully agreed thab
it was impossible to determine how far the increased mortality in cold
foggy weather wag due fo the fog, and how much to the low temperaiure ;
but he wished to emphasise the fact that it was the combination of the

~two which was so very fatal.
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106 Section V.

Influenzs and the Weather of London.

BY

Sir Arrnor Mrrcrernrn, X.C.B., and Dr. Bucuan.

i

This subject was investigated by us in the spring of 1890, and the
results were published in the Journal of the Scottish Meteorological
Society. In that paper are smnmarised the statistical facts relating to
weather and influenza up to that date, extending from 1845 to 1890.
These have been published in the weekly reports of the Registrar-General.
Of the results then arrived at (that is, previons to the last epidemic),
the following is a brief summary :—

It was found that the distribution of temperature and the distri-
bution of deaths from influenza during the wecks of the year were
juversely related; that when the mean temperature is low, the menn
Jeath-rate from influenza is high ; and when temperature is high, the
pumber of deaths from influenza is low. Further, the distribution of
deaths from influenza is essentially the same distribution as that for
bronchitis and pneumonia, or, speaking generally, for diseascs of the
respiratory organs. ,

Since registration of deaths commenced ii London, deaths from
discases of the respiratory organs (vide Fig. 2)* have been shown to be
most numerous during the winter months of the year; and, with some
marked differences, there is substantial agreement in the annual distri-
bution of deaths from the different diseases of the respiratory organs.
During exceptionally severe winters and during dense fogs there is
an exceptionally high mortality from bronchitis and pneumonia; and an
enormous increase in the death-rate from these diseases during extremely
cold weather and densely fogey weather has been an unvarying and
apparently an inevitable consequence.

Similarly, deaths from heari disease (vide Fig. 6), including the
other diseases of the circulatory system, and deaths from phthisis
(vide Fig. 9), reach their annual maximum fatalness when the mean
annual temperature is absolutely lowest, and when the east winds of early
spring acquire their greatest frequency and malignancy respectively ;
and when it happens in any year that these features of the weather are
more pronounced than usual, so is the excess of the mortality from
these diseases also more pronounced.

Now when the death-rate from diseases of the respiratory organs,
of the circulatory system, brain diseases (vide Figs. 7 and 8), or phthisis
have strikingly exceeded the per-centages due to the temperature and
fogs prevailing at the time, it has been found that something of an
exceptional character has been in operation at the same time; and that

* ''he figures referred to are those contained in the preceding paper on
Meteorology in relation to Hygiene, p. 98, ante.
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something apparently lowering the public health has heen the prevalence
of influenza in a more or less epidemic form. At these times, it was
noted that the diseases which were abnormally increased were, broadly
speaking, just those disenses which annually go to swell the death-rate
at the times of the year when influenza happened to be clearly epidemic.
In other words, these were the discases with which oceurred the more
serious complications with inflnenza,

It is remarkable that though during these 46 years the deaths from
influenza were virtually restricted to the cold half of the year, yet when
the epidemie set in, the degree of fatalness has heen wholly uninfluenced
by the changes of temperature, sometimes strikingly large and sudden,
that occurred during the wecks when the mortality from influenza
was greaf.

The last epidemic of influenza in London may be considered as
having commenced about the middie of April1891 ; the deathsin the third
week of that month were 10, after which they rose with alarming
suddenness week by week to the maximum of 319 in the third week of
May; and since then the numbers have been 310, 303, 249, 182, 117,
56, 40, 29, 18, 17, and 6 in the first week of August. During these
16 weeks, the total number of deaths has been 1,925 recorded as caused
by influenza alone, and to this must be added a very large number due
to complications with other diseases.

The excess over the average mortality was comparatively small at
all ages under 20; but above 20 the excess of the mortality rose
steadily with age. Thus for the six weeks beginning with May 16th,
the death-rate at 80 years and upwards was 117 per cent. above the
average of the season. The deaths from influenza account only for a
very small fraction of the increased total mortality of London during
the epidemic. Other diseases showed an extraordinarily high death-
rate of which the weather at the time affords no explanation; again
pointing clearly to something of an exceptional character in operation
at the time.

The weekly mortalities from the various registered causes of death
have been compared with their averages for these weeks, with the result
that during the epidemic the death-rate was enormously increased from
diseases of the respiratory organs, the circulatory system, brain diseases,
and phthisis.

Now the winter of 1890-91 was, in London, one of the severest on
record, the mean temperature for the eight weeks beginning with the
last week of November having been 10°-4 below the average. This
unprecedentedly low temperature, prolonged through many weeks, was
accompanied with a correspondingly high mortality, particularly from
diseases of the respiratory organs and the circulatory system ; and thus
during last winter the death-rate was unusually large from these
diseases.

The most noteworthy circumstance connected with the recent
epidemic of influenza is the lateness in the season of the time of its
occurrence, the time being the end of spring and the beginning of
summer. All the previous epidemics, for which trustworthy weekly
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stitistios exist, ocearred either in winter or early spring. From the
% = R Ry l SS QSJPEPITEVEIT SLHNES termination of the severe weather of winter in the end of January to the
< - N 7 ] * . . - 1 W . . d .
N | N wws z=w DENSAARLD SAENR outbreak of the epidemic in the middle of April, the death-rate from
- . S| o v - SARd=R SR =T .
£ = = i eI these disenses, as well as the general death-rate was very greatly less
=~ = Z | =] ol 2%s vUIRLTRYTEILR 2O : ; :
5 o PN T CHAS FEEIAEIR i han what had been before and what followed. It was in truth the
= 2 R S - o e .
“ o S ] B £ FRE CUESSIRIIDIUR *ynes normal death-rate which was to be expected to accompany the, on the
b~ T B It it whole, greatly milder weather during these 12 weeks,
- - DRI TR NETI[NEZSED pFEALS ] . .
Z 9 B o5 | $S3 STRSIEZEIERTT SAS The mean temperature of the 11 wecks ending with June was
= 2 :
,""8 2 =] DTS TRNARLTEHTARES LIRS exactly the average of past years, the weekly averages varying from
= 21 a T Tl N TN o . * * . .
@ _——— R - 4°+.4 above the averace in the second wecek of May to 7°:3 below it in
5§ £ 1 5| oF|®¥EF TUIERSITSILANG nuny g u
= 2@ Z | F[ e TEE  TERRIFTISTHL AR the following week.  On the whole, then, the period was of the average
B ';-. . - . . . . . A
5 5§ E | 2] o728 IIVLINENFINZR w_NEY temperature of the season, with fluctuations of temperature somewhat
— - e >
“ b r o " e e e e PN PO 5 T L . 1 114
3 X ol e l4ny TEZrapezesenan 5Eem lrger than nsual. ' .
5 2 zl 0| FES TEREIAILRINY In 1875 we showed#* that from the middle of April to the end of
.‘:_~.= S = ) R HAE TTARISREREREE] TRITE June the death-rate from diseases of the respiratory organs, the cireu-
. g = = - atory system, brain discases, and phthisis steadily diminish week b
S 2 X = o = LDl ZShLHhOINTOS~A(DEN NSy M ‘ -Y } H ! *
<= = : = SCERRIIVITIRY MgTEE . .
¥ o b o T TRETmne et ¢ week, so that with the temperature and weather which actually oceurred
B L — - = - = P T e Y - fa LRI/ A B A ) . “ . . . .
‘f ' g = -y s ook [ 3T ATTIRETIFOART RRVER during this period deaths from these diseases might have been expected
J e - - P 3 . .
{53 E 2| D> 2eewptmegegEt 2339 : to have fullen off week by week.
3 Lo . . . ' e . »
“iii,g z = 2| 2|e~m 21 innergssazn mgpeg But, with the setting-in of influenza, deaths from these diseases
% 5 = = o:_. -~ QL2 e - R . - .
xrg¥ i a T B G amamam mremon Sl increased with alarming suddenness, even though, be it noted, deaths
s} : = 1 | A FUmwexs |l e - I X . . i . .
Jec g . 5 & g | Cle=l 7 ® T M 3 from the same diseases had been exceptionally heavy during the previous
3" — = ~ Tt~ | b= :
1:*"g & £ 50 5 ol ) N ki L : December and January,
‘?'.J: m {:5 b | :‘: iy *'H‘:—: - - = '. : ¥ 1 1
,i, ~ 2 2 | B en| 'S BRTRVEVERTLET CREEF 3 The period of the year from the third weck of April to the end of
(i < 3 o 2logs swgopemyngsri =323 1 June is characterised by dryness and warmth, and statistics show it to
Fa g — = ™ e - [~ B pa X - o . " . .
TR ; 2 c = S OO NITE D =S %N : be one of the healthiest times of the year, Indeed, at this time, no
N = - T EEE-.-- > :g-:’e 2 -.::"':C\*- FRETS 3 . . . o . .
SRR B £ = S TR Mol VAR SR AU ' disease whatever shows a rapid increase in its death-rate, and only a
A xL N U = = F e HRH D DR H 1IN L N : e . ' - . ., s .
SRRVE E H 2 I il IS e R T : few, notably bowel complaints, show the setting in of a rise in June
Py U = O : N DO ST 3 . .. e
s rE ° 5 2 | 2lra» ggrogenegngre 23339 g from the annual minimum, as shown in Fig. 3.
e = ™~ : ; . . e 1 e . . .
? ;;r : = 2% =] o2 ] SHS mESENoeR16aNnz wR ooy Now, during this epidemic, no howel complaint, with the single
Ty : “, St . . . . R . .y = . . - e - - . .
te de PN = I e NEERRpIeSeSsE BETRE exception of enteritis, exhibited an increase in its death-rate; and
RS ' = . - 3 b=t IR h e e - 5 - * .
'.%4 . 2 5 oo = o ; farther, no increase was apparvent from any of those other diseases
TR EAR = = — Ll oo vnnnaia0 oD 220 nt - .
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£ 2 - whose death-rates were so exceptionally and enormously swelled during
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2o oz Bleg | ®7% ST ahal g the influenza epidemic of January and February 1890 that have
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-:g o Z a1 Sleas »zzsszTssneny s=vvi exhibited a similar exceptional and enormous increase to their deatli-
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110 Section V.

is avrrived at that the complications of influenza are with special disenses
only, irrespective of season. The inerease to the death-rate from
pneamonia, bronchitis, heart disease, and phthisis are equally enormons,
whether the epidemie oceurs at the season when their normal death-rates
ave highest, or at another season when the death-rates are falling o
their annusl minima.

In discussing the spread of the germs of diseases from one country
to another by the intervention of winds, it has hitherto heen wniversally
assumed that is only the winds blowing over or near the surface of the
carth which arve concerned in the distribution of these germs,  If these
surface winds do not account for the snccessive appemrances of the
epidemic in different conntries, it is concluded that the germs have not
been transported by the winds.

This, however, is only a mode of looking at the subjeet which
ignores the recent developments of meteorology and its teachings
regarding atmospheric circulation through cyclones and anti-cyclones.
As is now virtually proved, the winds in a cyclone are drawn inwards
towards its centre, and then ascend in a vast aerial column to the upper
resions of the atmosphere, whence again they flow as an upper eurrent
towards anyv anti-cyclone that may surround them. Thereafter they
slowly descend along the centre of this anti-cyclone to the eartl’s
surface, over which they are earried in every direction.

Suppose, for example, there were, as often happens, a cyclone in
Russia, a vast column of air ascends from the surface, carrying with it
particles of dust, germs, and other light impurities. These are then
conveved by the upper current to ananti-cvclone overspreading Western
Europe, as in the supposed circumstances so often happens, and there-
after they descend to the surface with the descending current and are
distributed over Western and Central Europe by winds from all points
of the compass. Owing to the known rapidity of these aerial
movements, two, or at most three, days are amply sufficient for this
distribution.

_— D el

DISCUSSION.

Dr. &, B. Longstaff, after paying tribute to the great importance
and high value of the work of Sir Arthur Mitchell and Dr. Buchan, and
expressing the hope that their collected papers would be republished in a
more accessible form, pointed out that whenever a new disease appears
medical men assign other diseases as the cause of death until the diseasc
becomes prevalent, and that for this reason mamny of the deaths ascribed
$o bronchitis, &c. ought to have been recorded as cases of influenza.
Nevertheless, the Registrar-General’s returns afforded on the wholo
reliable average information, as was shown by the tabulation of enterifis

and diarrheea.

Dr. Gilbert stated that although the rainfall in February 1891 was
emaller than that reccrded in any previous month, the amount of nitrogen
it contained in the form of ammonia and nitric acid was almost ag great
agthat found in the rainfall of Tebruary in the two previous years, although
this amounted to mnearly 1 inch in 1890, and to 2 inches in 188%.
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Influenza and the Weather of London, 111

he (nantity of chlorine in the water in February 1891, was the smallest
on record, this heing possibly due to the unusual absence of wind.

The Hon. Rollo Russell said that there were no authentic accounts
of s atfack of influenza occurring in mid-ocean or at any of our light-
houses. he disease was due to infection carried along the main lines of
commuunication. The large towns were attacked in the first instance, and
then the outlying districts. The march of influenza over Europe took the
snme lines and came from the same locality as cholera.

Dr. Tripe (Hackney) said that true influenza was invariably pre.
ceded by epidemic pneumonia. In Hackmey, horses and cats during
1889-90 were attacked by influenza six weeks before any human beings,
but daring the lnst epidemic only a short time befure.

Dr. Mortimer Granville had heen much impressed by the apparent
prominence of almost purely physical factors in the production, in
influenza, of the high bodily temperature which had been considered
characteristic of the disease. These factors were, first, the displacement
of the blood from the centre to the periphery by the depression of vaso-
motor activity produced by the onslaught of the specific poison, whatever
it was, that caused the malady; second, the conductivity of the atmo-
sphere, dependent rather on density than temperature, although tempera-
turc came largely into play. He considered that this cenductivity of the
atmosphere was a factor of great importance in the production of high
surface temperature, and that the duration of the disease depended
especially on external conditions as regarded temperature, and partico-
Jarly, as above stated, on the density of the atmesphere and its con-
ductivity rather than on the personal state of the patient. After all other
symptoms had disappeared a daily risc and fall of temperature was
observed in the cases of persons resident in districts where the atmo-
sphere is gencrally dense and cold. The weather played a most important
part in determining the prevalence, the severity, and duration of the
disease.

Mr. J. T. Roe supported the theory that the source of the influenza
was to be found in the great floods in China and the resulting decay of
large numbers of unburied bodies, and illustrated the possibility of the
diffusion of the germs by a comparison with the distribution of dast from
the Krakatoa explosion of 1833.

In reply to the Hon. Rollo Russell, Dr. Buchan stated that the ont-,
break of influenza at sea mentioned in his paper conld only be accounted
for on the theory of atmospherical distribution of the germs.

The President remarked that the great prevalence of influenza
among members of the House of Commons appeared to be due to infection
introduced by the witnesses who attended the Committees on the two
important Railway Bills of the session.

-t ——

Recent Hygienic Improvements in the Manufacture of Bread.
' BY
Joux Goobrerrow, F.R.M.S., Hon. Consulting Chemist to the
Master Bakers” Protection Society.

-~

-

Bread is such a universal and important food that any improve-
ments in its manufacture and quality deserve recognition and consideration,
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112 Section V.

and should prove interesting to all hyvgienists, Tt will he convenient
if the subject be divided into two parts :—

1. Improvements in whole-meal bread.

2. Improvements in other breads. . o

The writer, from many cexperiments performed on himself, his
assistants, and on young animals, for the purpose of his work on bread
as a food, has come to the conclusion that ordinary whole-meal bread
ix not a desirable food and aets injuriously on the intestinal tract by
unduly stimulating the museles and nerve-centres of the bowels, .

The chicf objections to ordinary whole-meal bread as a foad
are :—

1. The large per-centage of waste, averaging about 121 per cont.-

2. The increased waste of other foods produced by the ingestion

of whole-meal bread.

3. The unpleasant taste produced by the comparatively flavourless

particles of bran.

4. The irritating action of the bran.

8. The rapidity with which whole-meal bread becomes dry and

stale. .

The large per-centage of waste is a most serious ohjectlol‘l. to
ordinary whole-meal bread, especially if it be taken in large quantities,
It constitutes a loss of energy to the body, inasmuch as force is used
to digest the extra (mantity of food which must be taken to equalize
the waste. '

The waste in fine white bread only amounts to about 4% per cent.,
so that whole-meal bread is not nearly so thoroughly digested as white
bread, and its ingestion leads to an increase in the waste of other foods:

In a subject experimented on by the writer, in December 1890, it
was found that when milk alone was used as a food the waste averaged
about 8 per cent. ; but when ordinary whole-meal bread was used with
the milk, the waste in the milk rose to nearly 11 per cent.

The irritating action of coarse whole-meal bread depends on the
bran. The coarse bran particles act as mechanieal stimnli, l)ot.h_ to the
nerve centres and the muscles, and unduly inerease the peristaltic action
of the intestines.

The stimulation often passes beyond the innocuons stage, and
severe diarrheea may he brought on by the excessive irritation of the
bran, The writer has found indieations that the villi of the intestines
may he considerably modifiel by a continued ingestion of coarse hran,
and he believes that this modification may have an effect in reducing
the absorbing power of the villi. .

Many medical authorities assert that slight chronie inflammation
may result from the continual ingestion of coarse bran, and the aunthor
must admit that over and over again the post-mortem appearances of
the animals he has experimented upon have been quite compatible
with such a view.

The unpleasant flavour of coarse whole-meal bread is probably
caunsed by the bran particles, which produee in the month an acute
sense of éouch, but not a very decided taste.
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Becent Hygienic Duprovements in the Manufucture of Bread, 113

Some students undertook to test (his point under the writer’s
divection, and they aflirmed that flavourless particles very mate
altered the taste of nearly every food tried.

They found, also, that the finer the particles the less they affected
the flavour of the fool with which they were mixed.

Objeetion number 5 is an important one.  Very few people can
partake of a stale whole-menl Toaf with any degree of pleasure, Tt is
well-known that staleness is not altogether due to
of water,

rially

a simple evaporation
There is a molecular change which goes on slowly, and
which is an important factor in producing a stale loaf.

T ordinary whole-me:
and  the bread  after 24 hours s comparatively  flavourless  and
distasteful. )

- bread these changes go on very rapidly,

‘The first four objections depend on the presence of coarse hran
particles. Tt appears that very fine particles of bran do not produce
such undesirable effects on the hody as those which have been aseribed
to coarse bran, so that the hygienic improvements in whole-meal hread
must necessarily take the form of—

1st. Obtaining a fine bran in the loaf,

2nd. The preparation of so dry a meal that the bread takes np

i large proportion of water, which is so intimately incor-
porated with the constituents as to delay those internal
changes which result in a stale loaf.

Other minor improvements nry alzo be referred to, affecting the
digestibility, purity, flavour, &e., of the hread.

Number 1. Triticumina Bread.—This is a special  whole-meal
bread in which the hran particles are very fine, and shows what can ho
done in this direction. Tt is prepared from a special meal, ground by
powerful steel machines, in which the hran is lite ally ent np into fine
particles,

The waste in this hread, as ascertained by personal experiments,
is only 71 per cent,, as compared with 12§ per cent. in ordinary whole-
meal bread. The bran is so fine that it does not irritate the intestines
like the coarse varieties of hrown Dread.

That it is perfectly possible to manufacture whole-meal bread
which shall keep moist for two or three days is proved by the fact that
this bread is palatable and soft after being kept three days. .This is not
only dne to the moisture which it contains, but also to the large propor-
tion of soluble matter present.  The flavour of the hread is very pleasant
owing to the large quantities of sngar and dextrin which it contains.

This bread is also distinetly very digestible.  The starch is in a
very assimilable condition, and there is ahout 50 per cent. more soluble
matter present than in ordinary whole-meal hread.

This very desirable result is obtained by allowing the grain to
undergo the first stages of germination, and subsequently kiln-drying it
at a low temperature,

Number 2. « Cyclone ” Bread is very interesting as marking a new
departure in the preparation of whole-meal. The wheat grains are
pulverized in sealed chambers by means of air-currents produced by fans Y
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The graing ave reduced 1o a
¢ result is a fine
In the first

apidly revolving in different divections.

The advantages of this methoed ave many. '
al is thoroughly aérated, and, secondly, there s ho metallie
thirdly, the meal is very free from microhes and
ihe air is filtered hefore heing delivered to the
chambers.

These two specimens demonsty .
whole-meal Dread in which the bran partieles are so fine

obviate any irritating effects.

ate the possibility of manufacturing
as fo entirely

Iprovements in non-whole-meal breads.

. These mav be divided into :—

1. Improvements in white bread.
2. Tprovements in brown bread. '
White bread is certainly deficient in proteid material, £ .
mineral matter.  ‘The reason of this is well-known. Fine white flour s
obtained chicfly from the centre of the grain, and the hran anl the germ
The bran and the germ are the portions of the grain
wl matter, while the central part 1s

at, and

are rejected.
richest in proteids, fat, and miner
poor in proteids and phosphates, and rich in starch, .

Henee it follows that bread made from fine white flour is also
deficient in nitrogenous matter, fat, and inorganic constituents, nd i
correspondingly rich in starch.

Any process, therefore, which secures :—

1. A higher per-centage of proteids;

-2, ’ . fat,;
3. ’ " phosphates ;

mav be regarded as an hygicnic improvement in the .qu:llity of the
bread. There appears to be a consensus of opinion ﬂmt‘ if a larger per-
centage of our carbo-hydrate fool took th-(-, i'orm- of soluble bodies
(sugar and dextrin) the cconomy would gain conslde- ably by such a
substitution.  Any process, then, which secures this, may also be
‘regarded as an hygienic improvement, inasmuch as the bread would be
more digestible. _

The standard ratio of nitrogenous matter to earbo-hydrate .mat(_-m:ll
may be taken as 1 is to 3°2. "The ratio in ordinary fine white bread
isas 1isto 7. o

Number 3. Black’s Fermented Bread is a white bread which 1s
characterised by a high per-centage of nitrogen.

This result is obtained by a special process in which ¢ strong
fours” are taken and formed into dough, and then treated with.]ime-
water. ‘The gluten is concentrated, and part of the :s:ta.rch px_-ecipltatec.l,
so that a dough is obfained very rich in proteid material. Thl.‘.j dough 1s
then added to ordinary dough, and the result is a mixture with a very
high proportion of albuminoid matter. o |

This characteristic is obtained without any deterioration of texture
or flavour, and the ratio of nitrogenous matter to carbo-hydrates is as

1 is to 3°6, very near the normal.
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BRecent Hygienic Improvements in the Manufacture of Bread., 115

This Dread, though white, has quite as high « per-centage of
profeid material as fine whole-meal,

Number 4. Diastase Bread is a variety with a very high per-
centage of soluble carho-hydrates, chiefly in the form of maltose. ‘The
starcle is also in v very assimilable form,  The bread has a very fine
fexture, and is one of the hest flavonred of the white hreads. Tt keeps
moist. far longer than ordinary white hread, for the diastase so acts on
the starclt as to produce soluble bodies which confer this characteristic
on the bread.

The ratio of nitrogenous matter to earbo-hydrates is about the
stne as in ordinary fine white bread, but the bread is far more
digestible, containing (uite 80 per cent. more soluble carho-hydrates,

This result is obtained by the addition of ¢ diastase” to the
dongh, which acts on the starch, converting it into several forms of
dextrin and sugar.  The whole series of intermediate changes have not
yet heen fully worked ont, but it appears that maltose is chiefly formed
as a final product, and one of the achro-dextrins, The diastase (.loes very
little work during the doughing stage, hut when the dough is introduced
into the oven it rapidly acts on the gelatinized starch, nntil its power is
destroved by the Ieat of the oven.

The anthor has ascertained that 15 minutes s the average time
during which the ferment acts on the starch in the oven, quite long
enough for the diastase to produce . considerable quantity of sugar.

Drown Breads.

Number 5. Frame Food Bread.

‘T'his bread is made from' ordinary white flour, to which an extract
of bran is added. 'The extract is prepared by mechanieal means from
the bran, and consists of the following bodies :—

Water - - - 9-58
Carbo-hydrates - - 58-+33
Proteids - - 21-40
Mineral matter - - 10-69

100°00

The mineral matter is very rich in alkaline phosphates,

The extract may be added to the dough either as a powder or as
a liquid, the object of the addition heing to get a loaf having the same
composition as whole-meal bread minus the bran particles.

The ratie of proteids to carho-hydrate is as 1 is to 39, very much
higher than in the case of fine white bread, and the bread contains
50 per cent. more mineral matter, consisting chiefly of phosphoric acid
and potash,

Number 6. Germ Bread is manufactured from ¢germ” flour.
Germ flour consists of ahout 75 per cent. of ordinary white flour, and
25 per cent. of the germ,
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116 Section V.

The germ being the embrvo of the Lriticam is vich in proteids,
fat, and phosphates, and its retention in the flowr adds malerinlly 1o the

it i ; an is specially treated in order o
Cnutritive value of the bread.  The germ is specially treated n

destroy the ferments and the bitter principle i'm!ml init.  This ln'v:u= is
very rich in proteids, and contains far more fat and l)ll()spl'l:lll'ﬁ t n
ordinary bread. The ratio of proteids to carbo-hydrates is as 138
to 3, slfghtly higher than the normal, .

Number 7. Health Bread.  This variety contains all prts of 'ﬂw
wheat grain except the outer layers of the bran. .'l.'lu- bread is tlms. h';-v
from irritating particles, while it retains the nutritions (-l(-nwnts'ul't e
wheat. The ratio of nitrogenous matter 1o carho-hydvate material s as
1is to 3-6. ' .

The process of preparation of the meal seenves the 1'}‘-jv('tmn .ni
the outer lavers of the bran, consisting chiefly of woody fibre, \.\'hllo
the inner ]:;yers containing the nutriment are retained amd finely
granulated. . -.

I have onlv time to mention the existence of various malted breads,
prepared by the addition of malt extract to the dough.  Such breuds :n:v;
hetter flavoured and more digestible than ordinary bread, el there 1s
very little risk of sourness.  The malt favours quick fermentation, s.uﬂmt
the souring germs are never allowed to develop in the dfnlgh, owing to
the vigorous growth of the yeast and a minimam production of alcohol.
The working is also cleaner, for potatoes need not be used when malt
extract is employed.

Machine-made bread is coming more and more to the front, and
rightly so. Such bread is surely to he preferred b.o.fm'(: ]l:lll(l—lllz.ltl(' 1)}'(*:1(1,
with the possible contingeney of contamination from the bodies of the
half naked operatives,

When it is impracticable to pnt down an extensive p]:.mt-, hand-
miachines are nsed now in most hakeries, inclnding such contrivances as
kneaders, dough dividers, potato washing machines, flour Dlenders, &e.

The sanitary condition of bakehouses has of late years undergone
much impro\'(-nu-'ut, amd it s rare indeed to find ]lUi.\'—:_l—([:l.\'."l- dirty and
unhealthy premises nsed for the purpose of hread-making, |

I desire to record my sineere thanks 1o my assistant, Mr. D. J.
Knightley, for the able manner in whieli he carried out my instmcfions
while living on certain breads alone, and to my co].lvnguu Mr. C. H.
Clarke, ML.R.A.S., for confirming the analyses. Talso \?’1.‘511 to acknowledge
my indebtedness to Dr. Frankland, F.R.5., for one of the analyses,

DISCUSSION.

Dr. Van Hamel Roos (Amsterdam) asked to what. extent the
mineral matter had been increased by adding lime W’.‘ltCl: to the 1}10.'1], and
whether by lime water was meant a saturated .solutlon of ]1me.. II’r,:
added, that, as editor of the ¢ International Bc\'lew of Adulterations,
he was opposed to the adding of any foreizn mineral matter to our food.
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Recent ygienic Tnprovements in the Muanupacture of Bread, 117

In reply to a question of Sir Roscoe as fo whether copper salts were used
in bakery in folland, Dr, Van Tamel Roos answered that he mever had
found any in the menl and bread under his obsevrvation, Formerly it
was met with in Amsicrdam, but {he adnlteration was detected at once,
a$ large erystals of copper sulphate were found in the bread. As to alom,
he said that baking powders recommended as heing used for improving
bread on a large scale in England had Leen analysed by hin and found
to consist of alwin.  Tle thonght these additions to moal and hread ought
to he strictly prohibited.

Sir Charles Cameron said that it was undesivable to introduce
indigestible and rongh particles into the digestive organs. He had met
many cares of suspected poisoning of oxen and gheep in which he was
able to trace the real eanse of death to the jrritative nction of undecorti-
cated cotton cake, and even of other food stufls. 1le thought the popular
instinct was right when on the whole people preferred heautiful white
bread, which they felt they could digest with comfort. Referring to
Lawes” and Gilbert’s experiments, Sir C. Cameron believed that a bread
diet was more nitrogenous than a meat one, and therefore, that although

white contained less nitrogen than brown bread, yet there was a sufficient
amount of nitrogen in the former.

Mr. Cassal was glad that Dr. Van Hamel Roos had attended
the Section, as he was editor-in chief of the very importani ‘¢ Inter-
national Review of Adulterations,” by means of which it might be hoped
that in the near futnre united aclion would he taken by different
countries for the suppression of adulteration. In regard to the use of
sulphate of copper and alum in bread-making, he had always understood
that the main object was to prevent fermentation from going too far when
yeast was used, thus giving a badly colonred and acid bread; and also
to enable damaged flours to he used by hakers.

P @—(——-

Bromine and Iodine as Aérial Disinfectants; and on 2 new
Method of Applying them, |

ny

Gerarp T. Moony, D.Se., and F. W, STREATFEILD.

v

The question of suitable adrial disinfectants for employment in
hospitals, sick rooms, &e. is one of very great importance, and las
not perhaps hitherto received the attention it deserves. Of the various
substances employed, bromine has come largely to the front in recent
years, and iodine has also heen found to exert a considerable disinfecting
action, although less than that of bromine weight for weight. Consider-
able difficulty has, however, heen experienced in finding a snitable and
convenient method of introducing these elements into the atmosphere.
Various forms of lamps have been devised for the gradual volatilization
of iodine and its diffusion through the air; and many have sought to
effect the same purpose through the medivin of the candle or night
light. Whilst working in this direction, and with the endeavour to
volatilize by means of o burning eandle certain volatile brominated
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the authors that free bromine vipour wis evolved in quantity during : :
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combustion of the andle.  On extending the experimi an to 1odim
| The anthors therefore turnesd

ivati imilar res s obtained.
derivatives a similay result was obt: ' . wrned
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LBromine and fodine as Aérial Disinfectants, &e. 119

rn " . *

Phe sthors found that o very useful strength for general purposes
15 about 6 grains (03886 gram.) of cither halogen compound in a
O-hour night-light ; during combustion this will liberate bromine or
iodine, the amount. of whicl may he calenlated as follows ;—

LE B - - . - - N . N .

Pheiodine night-light contains 6 grains of CHI,;, — C,12 x 1=12;

their attention to the pr\-pm':niml of o s

eandle. '
A modern candle 1s a very delic
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B Next to the proper refining of the fat or wax, the fabrie: l. e ‘ nine hours i
Fig . . s te of wreat importance, in order that the = : ‘T
¢ treatment of the wick are points of great 1m) ’ T'he bromine night-light contains ¢ grains of :
ew §i A 1 : 11 2 Dright flame, and free from anliffower head. A ¢ bronmme might-ight contains 6 grans of Cy, H; Bry; as hefore, . ¥E ;
At e candle may burn Wil @ hrighil- Faslit, < . : vof — (", 12 0=120; 1, i =0: Br,, S 9 = 160 or the RS
! { \‘ Iy sm I“.ll‘l‘lllﬁl\' of a1 foreien body intradiesd into the substance of the 29 o = X 1[- 3 1205 Uiy 1 3 6= G5 Bry, 50 x 2 = 1605 or the total SRR SERR ! -
Gig eIy sk ' . ) o * . i M 2850 o S : s ale 1 ol T ! . : : HIAANNS 12
GHRE ‘e causes @ very marked offeet on it combustion.  Many of the _ 86 grains of dibromonaphthalene yiekl 160 grains of bromine, and '_ffj,.f_ g
g Toa e aindle causes @ T i . , . CONSCU e o aratie o il ) . s s s O i o Wik .
o+ E- A oo for distribution by the aid of 1he eandie enused (()ll‘-(.([ll( mtly 6 grains of dibromonaphthalene will give 335 grains of g!,}}__! ‘i
+f ‘3:, ixinfoctants 1)101’0-‘*‘{; i | 1 lil;u . 10 he extineuished within bromine during nine hours, . j"
e Y . a verv ndifferently, and sometimes b XTI . ) \ ) . . IR
',:'_‘JE;%!*‘. it to burn very il till “]"l:” it was soucht to diffuse the vapour of B} means of the above ealenlations it is casy to ]n'mg about, the : s 1]
313 , e« or worse still, where it was soug _— ' wolution of « « : : T LR
‘Z‘i 'il an hour ,]011 Wors ’1 noliec  prineiples, the ¢ Jisinfectant” itscll . evolution of «t stated quantity of cither halogen, as during each hour’s SRR ACRE

[ 1 certain balsame  or phe : U ' . hurnine there wi ol S TR . s g . P,

: JERd ¢ . : T oviow . : here will be evolved, of free 2 0G4 o oo D . 8%
ii?i ool anderwent combustion and thus defeated the ohject in view. In 'ﬂ“' : o 2 b olved, f_ll-t(.lothm 0-G+ grain, ot.ht,c bromine RN
it' T | 1 the free halogen was simply mixed with the combustible 0°37 grain. By increasing or diminishing the quantity of the halogen NELTITN:
. -‘%- .- bt n.' : ; 1.() lp' .(.' E i : L * - ) . + 4 - Iv 5 H - b s 3 . ] 3 4 L4 s » T 3
f"s : st “. ' £ 1l lle f?ilul'c resulted from the escape of part of the 3 compound mixed with the cmdle or night-light, any quantity of halogen, x
st ). i a ‘e { H » . - ' : - e . . . . [ »

8 material o t ¢ Calaity hilst the remainder gradually destroved the within reasonable limits, may he diffused,
i alogen during storage, whils PO o S b The : « heliev ; s hivertonie N .
““ . b 110.0(. 1 of ﬂ"_ wick © After making numerous experiments the above- The .mt_hm.s believe that the hygienic value of their discovery is :
¢ material o ) 1lili 1 . ovel u)m? and the suthors succeeded in very greaf, since it will make it possible for the vapour of bromine to he o
: » 1 3 . (‘S \\'L‘l'('- ¢1C * 4 ’ ‘ ‘ ' ’ 2 . . . - + . N P
mentioned  difheults 1 mieht-Jiehts \\'ilicll do not undergo change on used as o household disinfectant in a safe and eflicient manner and where
- ATy 3 CH ey 8 44 1 - - . o . - - - - 5 - . . . i
preparing (‘1”;‘“”' tht nflt’ 1 1? any required quantity of the halogens it will he likely fo do most good. It is especially for sanitary Purposes - !
ibTe keeping, and hy means of whieh an) ' ¢ e 2 i ) R TR ST . . o Tt -

: ]; iI:D(" i i.mliuo v he evolved with great exactness. This result __ that the bhromine candle o1 mg]llt-hghth are most. likely to be useful, and

:'r: " )1‘0]]- o : ’ ‘- e ’ . * . - 1) i .' L’ -4 . “ry o -;-v’;n y ] 11 ";-. + -

g has been accomplished by incorporating stable haloid orgamce compounds ‘ ;1"1” 15 no doubt they will prove of service for disinfecting  closets,

. e 1as heen ace § . . » present - avatories, herever sources of infeeti ave » enarded aenins

f - S the substance of the andle or mght-mght. Up to the present i , and wherever sources of lll.i( ction have 1o be gnarded aguinst.
RO A with the suhsk ¢ 1'] logen compounds used have been dibromonaphth- It must be understood that the bromine vapour evolved by the burning
'é -“.:7" . t]lc lll()b't Succ('f‘h' L\ 1 Ogc > - o ’ . , 5% a » H - 1 s " 5 P 3 1% e P : s - 3
A, tene C. H. Br, and iodoform GHI, These substances are perfeetly ! -,.m(l](. ot night-light does not cause the slightest personal inconvenience
alen s : SE PN ; sietice. o s containine it off Bl . Tars
‘ﬂj - ol ‘;0 1'((liin'u'\' temperatures, but when burnt under the conditions n }-f wtice, candles (:Ollt uning about G grains of dibromonaphthalene .
*aol stuble ab OCHEIL le or nicht-Tieht prepared from pure, well-pressed . having heen burnt nightly by one of the authors during a period of two g
R win a o« aOr - - L : . S . ; k
fpT hE obtaining 1n & :‘“}( ¢ ) nilTo or zi:odin(' apour respectively. years,  All the time the candle is burning the odour of bromine in the
| IR : ive rise to Iree bromine AL S ‘ 5 i e es . ) e
o !'1. i t.ﬂlm:rl,'_glt\(ﬂl froo haloen is evolved is shown by the odour produced ; - room 1s distinctly perceptible, but by no means disagrecable.  Similar
1. ;? "‘ E':"’ ll‘l rv e I'C(‘- 14 e ’ ' - - - : s arlre r 5 1 3 A fat ] - 3 - - .
GiiabE L ¢ may D]JL’ visibly demonstrated hy the usual chemical E: remarks apply to the iodine candle or night-light, which, besides being
SR and its presence may he - ' e piece of unsized g effective as a disinfectant and deodorant, has the advantage of possessing
method of holding at a short distance above the flame a plece oI unsiz 2 0 el value in di ¢ th I’] . lb POss 5
g short . T 0 3 i therapeutical valne in diseases of the throat, nose, an o
] . tarch : iodide, which i I and lungs,
paper Inoistened with a solution of starch and potassium y ’ . g
is rapidly turned blue. N 3 N
. . . sodi 1 : - may 3 _

The liberation of bromine and jodine during combustion 11y 3 SRR |
probably be explained on the assumption that the corresponding : DISCUSSION RN
hydracids are formed in the first instance, and that these suffer de—. ? - : . . TR
composition at the temperature of the flame and in the presence of Mr. Cassal said that he had had occasion to examine these night. _.

heric oxyeen into the free halogens and water, in accordance with E lights and could confirm the liberation of free iodine and bromine from Yy
atmosp Ce BB 5 them on burning, a fact which was in itself interesting; but he did not L
the equations— H.O 4+ 2Br see that there was any special value attaching to such liberation for LB
(i) 4HBr 4+ O; = 2H,0 + 2 1 purposes of deodorisation or disinfection, and certainly not in regard to L
Hydrogen bromide and oxygen give water and bromine. the latter, ool
. 3
(i) 4HI 4 O, = 2H,0 + 2L, ;

—_——OEIERE T — . .

Hydrogen iodide and oxygen give water and iodine,
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