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PREFACE

TuE following pages contain the records of ohservations which
have been carried on at intervals during the last twenty years.
[n view of the increasing interest taken in the smoke problem
in its relation to health, to the growth of vegetation, and to
the disintegration of the stonework of ancient buildings, these
records, some of which have already appeared in different
scientific journals, are now collected together, and published
in book form. We have at the same time introduced the
experimental results of other observers.

Among the many aspects of the smoke problem which
are included in the present inquiry, it will be seen that
those only have been studied which afforded a definite and
unequivoeal result. We have, in consequence, felt ourselves
obliged to give the health question a subordinate place. A
Little reflection will show that however much we may be
convineed, or wish to be eonvineed, of the deleterious effects
on health produced by breathing a smoke-laden atmosphere,
ordinary medical statistics afford little definite information. 7
1s impossible, in the majority of cases, to point with any
certainty to specific cases of disease or mortal ity as due to this
cause, or even mainly to this cause, unless it be during the
occasional occurrence of dense fog. The only statistics known
to us which bear definitely on the subject are those collected by
Dr. Ascher, medieal officer of Hamm, Westphalia, which have
been contributed to this volume at our request, and for which
we offer him our grateful thanks. They will be found in
Appendix A, p. 72.

By avoiding unnecessary scientific detail, the material is
presented in a manner which, it is hoped, may be readily
understood by the non-seientific reader,

J. B. COHEN.
A. . RUSTON.,

Tue Uwiversity, LEebs,
February, 1912,
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“ There was a time, both in England and on the
Continent, when smolke was considered a necessary evil
which had to be suffered. After a while smoke began to
be locked upon as a nuisance, and war was declared againsh
it by those who suffered from its disagreeable properties;
but now we know that smoke iz a waste, and that nobody
has better cause to wage war against it than he who
produces it. . . . Bmoking chimneys are thieves, and their
misdeeds should not rise unavenged to Heaven. . . . It is,
perhaps, not too much to say that the saving of national
wealth effected by regenerative gas heating may amount
to a sum sutheient to pay the aggresato national debts
of all the civilised nations.”

0. N. WITT.
Address to the Serenth Mnternational ""-'lr:-lr_-.l'r".v.f _.' ,'|_||:|_||.--'|'._-._|'
Chemistry, held in London, May 31, 1509,




A STUDY OF TOWN AIR

INTRODUCTION

THE subject of the emission of coal smoke from chimneys is
one which has for many years past forced itself with increasing
prominence upon the notice of those residing in the larger
towns,

It is admittedly its smsthetic rather than its economis aspect
which has appealed, in the first mstance, to popular sentiment,
Blackened buildings, darkened skies, and the general air of dirt
and gloom which are typical of an English industrial centre
have aroused a growing feeling of dissatisfaction among a certain
section of the community, and have led to the formation here
and there of societies for the prevention of smoke. Some of
these societies have pursued their object with praiseworthy
energy. By means of pamphlets, public addresses, conferences
and exhibitions of smoke-preventing appliances they have
sought to enlist public sympathy. They have pointed fo the
loss of fuel which coal smoke entails, to the physical deteriora-
tion and lowered vitality of tl e inhabitants of towns caused by
inhaling a contaminated atmosphere, to the loss of daylight,
and to the destruction of vegetation,

It is a remarkable fact, nevertheless, that in face of the
active propaganda of these socicties, and a very widespread
sympathy with their aims, as well as the existence of certain
repressive legislative measures directed against the smoke of
factories, placed in the hands of the local authority, the emission
of smoke continues with almost unabated vigour from hoth house
and factory chimneys,

It might be interesting to inquire into the cause of this

B




2 SMOKE: A STUDY OF TOWN AIR

general apathy, and of the practical failure of local control. It
is in reality not difficult to explain.

In the first place, there is the inertia of established custom
which resists any change, especially in domestic organisation.

Assuming the existence of an effective system of burning
fuel without smoke both for domestic and factory purposes, it
would be difficult to persuade manufacturers or householders to
adopt it unless it offered a substantial monetary saving more
than sufficient to cover the initial outlay. In the second place,
private and commercial interests dominate to a large extent our
civic life. The authorities are rightly unwilling to interfere
with the business of the manufacturer, or with the liberty of
the private citizen, excepting in matters seriously affecting the
public weal. It is useless to appeal to them on the ground
that coal smoke is unsightly, or in a vague sort of way that 1t
lowers vitality, or destroys vegetation. Aisthetic considerations
possess little weight with the Legislature, and the effect of
smoke on health must be very clearly proved before action is
taken. Thus, no President of the Local Government Board has
yet ventured to pledge himself to any definite policy for meet-
ing the evil of smoke by more effective means than our present
system affords, however inadequate that may be. Not even the
enormous aggregate loss of fuel, amounting to nearly two and a
half million tons, which passes into the air as smoke, disturbs
him (see p. 11). That is the private concern of the householder
and manufacturer, Thus matters are at a standstill. But if it
can be shown beyond any question that the effects of smoke
are distinctly injurious to health, or clearly pernicious in other
ways, and that its removal can be effected without serious
expense or discomfort, then the authorities have not only the
right, but a positive duty to interfere and enforce more drastic
means for its suppression. The question, then, arises: have we
any trustworthy information on the subject? What is the
nature of soot 7 What is the quantity emitted from domestic
and from factory chimneys, and what is the quantity temporarily
and permanently deposited ? What is the quantity suspended
in the air, and to what extent does it affect health? Does it
corrode as well as discolour masonry, brickwork, and metal-
work, and how far is it destructive to vegetation? Do 1ifs
effects extend beyond the immediate vicinity of the town; to




INTRODUCTION 3

what extent does it shut out daylight, induce or aggravate fog,
and, finally, what is the increased cost of cleaning ?

It is to some of these questions that we have been trying to
obtain definite answers. We have not entered at all into the
subject of the cause and cure for smoke which have been very
thoroughly examined and discussed by other writers. Our
attention has been directed to collecting together data on the
imperfect combustion of coal, and presenting an accurate
picture of the results.

It is hoped that these facts will enable smoke abatement
societies and others who are interested in the suppression of
smoke to appeal with additional force and greater success than
has hitherto attended their efforts to the central authority as
well as to the general public.




THE SOLID PRODUCTS OF COMBUSTION

I. The Composition of Soot

A VERY important—perhaps the most important—feature of
the smoke problem lies in the nature of svot, Soot consists
mainly of carbon, tar, and ash (mineral matter), together with
small quantities of sulphur, arsenic, and nitrogen compounds,
and frequently possesses an acid character. If it were enfirely
composed of carbon and mineral matter it would be rapidly
removed by the first heavy rainfall, and there would probably
be no steady accumulation of grime on brickwork, masonry,
and vegetation, such as strikes the eye on entering a large
manufacturing town, DBut the tar which soot contains causes
it to adhere like a varnish, even to the polished surface of glass
from which a eurrent of water will not detach it.

The analyses of soot which have been made from time
to time by different experimenters show great variations in
composition.! When one considers the very different condi-
tions under which coal is burnt in the factory and the home
it is obvious that the character of the soot must vary. For
soot is a product of incomplete combustion, and is formed
partly by the mechanical removal of dust by the chimney
draught, and partly by the decomposition of the fuel such
as occurs in the process of destructive distillation. It might,
therefore, be expected that the higher temperature and stronger
dranght of a factory furnace would produce a soot more by
mechanical removal and less by incomplete combustion than

! W. C. Roberts-Austen, Report on the London Smioke Abafement Bakibition,
9 Repord of the Manchester Air Analysizs Commilfee (1891), p. 7; Cohen
and Hefford, Jowrn. Soc. Chem. Ind. (1898), 12. 4; 'W. Irwin, Journ. Soe.
Chem. Ind. (1902), 21. 535 ; K. Knecht, Mem. Manchesfer Lit, and Phil. Soc.
1905), 49. 14 ; R. H. Clayton, Jowrn, of Gas Tdghting (1907), 100, 427,




THE COMPOSITION OF S0OT D

a domestic grate, in other words, a soot containing more ash
and less tar.

Not only is this the case but the character of the soot
varies with the distance from the grate at which it has been
deposited.

The analyses given below illustrate these facts very clearly,

The method of analysis was to extract the dried soot with
ether to remove the tar (which was then estimated by distilling
off the ether) and to burn the residue in a current of oxygen by
the ordinary process.!

The first table gives the analyses of soot from domestic fire-
places. The composition of the coal used is given in the
second column, the composition of the soot from the kitchen
flue in the third, and that at the bottom and top of the dining-
room flue in the fourth and fifth columns.

Analyses of Domestic Soot J"':"rm.l Winslon Gardens, }I{'{It?f’?i{ﬂrﬂﬂh

Dining Rooin Flue

Constitwonts, Orlginal Coal. Kitchien Flue. hotdom top
56 feel from grate. 35 fect feom grate,
Corbonr . . . . TG 80 52-34 B86-45 aT-az
Hydeogen . . . 480 3-63 841 251
by Vi S e e 0-838 12-46 34-87 40-88
Aghians e 1-80 17-80 504 494

[t will be seen how the higher temperature of the kitchen fire
and stronger draught increase the amount of ash and decrease
that of the tar when compared with the dining-room sample.

The same result is given in another experiment carried out
with soot from another house burning a different quality of
coal, though the difference between kitchen and study flue is
not so marked.

Analyses of Domestic Sool Srom North Grange Mount, Headingley.

Constituents. Origipal Coal.  Kitchen Flue. Study Floe,
Barboms . i G L A TG4T 4591 47-15
Hydrogen . . . 5-23 2-18 4-85
4 b e SO R 052 1020 1565
L i enat O SR CRR s 2-10 2754 20-22

The following analyses are of soot from coal burnt in an

! The complete analyses and detailed description of the process are given
n Appendix B, p. 77.




6 SMOKE: A STUDY OF TOWN AIR

ordinary grate and under a boiler attached to a chimney about

110 ft. high.
.'hi'l‘!.‘r!,rﬁr‘}: r.l‘f ool fr{}m the U.lg.elrw'.l.':'u"‘.rh Teeds,

! Baller Chimney.

Original Ordinary —— m——c

Cuntitucnts. Coal Grate Flne 13 fi T o of
: k (] 0 feet
Bottom. Fl-ll'l-fl B Trie e ! I;;wt;:rlﬁr
Carbony . . . G030 405 19-24 1666 21-80 | 2700
Hydrogen . . 4-89 4-37 | 271 0BG 1-44 | l-ﬂﬂ
15 e R SR 1-64 9591 009 (28 080 1-14
Ash i e 8-43 1816 T3-87 To(ud GE-04 | 61-50

These analyses emphasize what was stated above as to the
large inerease in ash and decrease in tar in the boiler chimney.
The last set of analyses are of soot taken from the bottom and
top of the chimney of a brass foundry in Leeds burning liquid
fuel.

Analyses of Soot from a Brass Foundry, Leeds.

Consiliuents, Bottorm of Chimmney, Top of Chitaney.
Carbom . . . . 11-536 4771
Hydrogem . . . 103 2-35
I s 1-02 1062
Y] e TR 5216 3142

This analysis shows a much larger quantity of tar in the
soot from the top of the chimmey than the previous ome and
affords a good illustration of the enormous variation in the
composition of soot from different fuels burnt under different
conditions,

In connection with the subject of the proportion of tar in
soot,' reference should be made to the table on p. 16, giving the
analyses of the suspended matter carried down by rain-water in
different parts of Leeds. It will be seen that the proportion of
tar 1s larger in the residential than in the industrial quarters of
the city, and varying from about 4'5 per cent. at Hunslet, the
centre of a large industrial area, to over 15 per cent. at Round-
hay on the outskirts of the city.

' Monthly Weather Report of the Meteorological Office for April, 1895,
B W
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2. The Acidity of Soot

An important feature of soot is its liability to contain acid.

Dr, Russell found no acid in rain-water (p. 36) unless soot
was present, and he was able to wash out the acid from soot with
water and estimate its amount by titrating with decinormal
alkali. The amount of free acid in 9 samples calenlated as per-
centage of sulphuric acid was as follows :—

1-4, 05, T2, 00, 0:0, 49, 0-8, 1-2, 2-3.

Dr. Russell remarks that “if the soot in the London air be
generally acid its adherence to bodies and subsequent moisten-
ing by rain will tend to corrode those bodies, and as the surface
becomes roughened so will the soot more readily and more
firmly adhere and the disintegrating action will proceed with
increased rapidify.”

Our own experiments performed in the same manner and
caleulated as sulphuric acid have given similar results (see also
p. 38). The original coal, it may be added, was entirely free
from acid.

Percentage of Free Aecid Caleulated as Sulphuric Aeid in Soof.

Source of Sample. Fase of Chimney. Top of Chimney.

Soot from brass foundry e TR 4 Q-0 0-65
North Grange Mount study flue . -0 —
i L kitchen flue . 040 :
Tho University fire-placa . . . 057 —_—
= : boller 5 = o 162 -Gk
Winston Gardens dining-room . . O (92
kitchen . . . 028 :

3. The Amount of Soot emitted from Chimneys

Of the actual amount of soot emitted from factory chimneys
it is clearly impossible to obtain trustworthy data. It will
vary with the guality of coal, the size and structure of the
chimney and the method of firing. Estimates have been made
by different observers of the amount of coal which escapes com-
bustion ; but the experiments, though numerous, are not of a
Very concordant character.

In 1855 Delejeune ! determined the unconsumed carbon to

L Bull. de la Soc. d'Encouragement (1855), p. 478,
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be 5 per cent. of the total weight. In 1858 John Graham !
stated, from the result of his observations, that very black
smoke does not contain more than 0+1 per cent. of the earbon
burnt. Scheurer-Kestner,® in a very careful and elaborate
research on flue gases from boiler furnaces, found that the
carbon lost as fuel never exceeds 1 per cent., while on the
average it is 0°5-0-T5 per cent. A case, however, is recorded in
which a coal containing 69 per cent. of carbon lost 2:03 per cent,
of the fuel as soof. In the matter of house fires we have a large
mass of trustworthy data in the analyses of the late Sir W.
Roberts-Austen, undertaken in connection with the London
Smoke Abatement Exhibition® The flue gases were aspirated
through a metal tube loosely packed with asbestos, then tl iwrough
tubes of calcium chloride to absorh water, and finally through
tubes of soda-lime to absorb carbon dioxide, The aspiration
was continued for 3 hours from the first lighting of the fire and
the average volume of gas drawn through the tubes was 14 litres,
rather more than 45555 of that passing through the flue,. On
the average of 40 experiments with different kinds of grates, but
burning for the most part the same fuel (Wallsend), 0-0532
grains of soot were collected during an average consumption of
12 Ibs. of coal. The weight of soot collected x the volume of
gas passing up the flue = 5320 grains, that is, the weight of
soot from 12 1bs, of coal, or rather over 6 per cent. Although
this result can only be regarded as a rough estimate, it shows a
remarkable agreement with our own observations which were
carried out with the main object of estimating the soot carried
up the chimney.! The average per cent, of soot passing up the
chimney in 12 analyses, including 8 of Yorkshire coals, 2 of
Durham coals, and 2 of Wigan coals, amounted to 6:5 per cent.
on the carbon burnt. The quantity of soot obtained in different
experiments with the same kind of coal varies as will be seen
from the table, p. 10. It is no doubt influenced by the manner

1 Mem. Litl. and Phil. Soe. Manchester (1860).

! Mémoires extraits du Bull. de la Soc. Ind. de Mullouse, Lacroix, Paris
(1875), and ‘* Recherches sur les produits gazeux de la combustion de la
houills," Ann. Chem, Phys, (1870), 20, G6.

* Report on the London Smoke Abalement Exhibition of 1854,

* Oohen and Hefiord, “Combustion of Ceal in House Fires,” Soc.
Chleene, Ind. [1893), 12, 121; Oohen and Bussell, Soc. Chem. Fnd, (1896),
15. 86.




THE AMOUNT OF 500T 9

of firing and by the amount of draught. There was no slack in
any of the samples.

The determinations were ecarried out as follows :—

The chimney gases were aspirated through a brass tubeof about
half-inch diameter. The end inserted into the chimney was closed,
and a narrow slit about 3 inches long was cut longitudinally
at about 1 ineh from the closed end, through which the
chimney gases could be drawn. To the open end of the hrass
tube, a glass tube containing the weighed cotton-wool plug was
mserted.

The cotton plug was dried in a weighing hottle in the steam
oven, then kept overnight in a desiceator over sulphurie acid,
and weighed against another cotton plug dried in the same
manner along with the experimental one, and the process
repeated until consecutive weighings were constant.

The air was aspirated by means of two gas-holders, each
holding about 15 lifres, and the chimney gases were drawn off
at the rate of about a litre a minute, which would approach the
speed of the gases passing up the flue. The object of this was
to prevent a greater deposition of soot in the brass tube than
would oecur in its progress up the chimney. Before reaching
the aspirator a portion of the chimney gases was tapped by a
smaller aspirator and made to pass through a drying tube and
two weighed potash apparatuses. An average sample of
chimney gases was thus obtained in which the CO; was
determined.

In thiz way the operation was continued for about five to six
hours, and during the time 200-300 litres of chimney gases
were aspirated by the large aspivator, of which 5-20 litres were
drawn through the small one. A good fire was maintained all
the time, and the gases were aspirated from the first lichting of
the fire.

A tabulated statement of the results is given on the next page.

In column 4, the carbon in the carbon dioxide of the air,
caleulated at 0°04 per cent. and measured at 20°, is dedueted.

This quantity, 6'5 per cent., seems a very high fizure, repre-
senting an annual loss of more than 2 million tons on the esti-
mated domestic consumption of 32 million tons for the United
Kingdom. It isa significant fact that Sir W, Roberts-Austen
found that in one case az much as 2'25 per cent. of soot on the
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SOLID IMPURITIES IN AIR 11

fuel burnt was deposited in the flue itself of an ordinary fire-
place, whilst in another case 0°61 per cent. collected in the
flue, consisting of a sheet-iron pipe only 6 feet long. The loss
estimated by R. H. Clayton® at 50 per cent. on the coal burnt
is, of course, absurd, and is apparently a mere guess unsup-
ported by experiments,

If, then, we take 6 per cent. as the minimum loss on the
domestic coal consumption (32 million tons), and 0-5 per cent.
as that on factory consumption (100 million tons), we get for
the whole country a loss in the form of soot of

Tomna.
Domestic A ERR e
Hactory . . & .« = SO0, 000
Totel. . . . . . 24230000

These figures do not, of course, imply the saving which
might be effected by the more efficient utilization of the calorific
value of the fuel, which, according to Mr. Beilby, amounts to
something like 20 times this figure estimated as coal

The fact that gas-heating is proving more economical, con-
venient, and efficient for many industrial processes, and is
being largely adopted by the more enterprising manufacturing
firms, seems to point to a time, perhaps not far distant, when
factory smoke will only form an insignificant portion of the
whole amount of the produets of combustion.

4. The Amount of Solid Impurities in the Air

The first accurate observations on the quantity of suspended
organic matter in the air were made by the late Dr. W, J. Russell
on London air® He cansed air, at the rate of 250 cubie feet an
hour, to be pumped through a long tube plugoed with clean
elass wool, which was then ignited with copper oxide, and the
amount of carbon and nitrogen estimated. He found for fine,
dull, and fogey weather (not dense fog) the following average
amounts of organie matter (carbon + nitrogen) in 100 enbic
fect.

U Jowrn. of Gas Lighting (1907), 100. 427.

! These figures are taken from the Final Beport of he Royal Commission
ot Cloal Swupplics (1905), Vol. IIT. p. 11.

% 0n the Impurities in London Air,”" The Monthly Weather Reporl of the
Meteorological QOffice, Augnst, 1885,
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Al. grams in 100 eub.

fx. of air.
Fine weathey . . . . 085
Iall T SRR )
Foggy . 244

Similar experiments on the amount of suspended impurities
were carried out in 1897 af the Philosophical Hall, Leeds, near
the centre of the town (station 4 on the map, p. 15)

The air was aspirated through an aperture in a window 15
feet above the ground, overlooking a side street where there
was no heavy traffic. The apparatus used for estimating the
amount of suspended matter is shown in Fig. 2.

]

Fra. 2.—Apparatus for estimating suspended matter in air.

It consists of a leaden tube, A, fixed through the window,
in which an open glass tube, B, is held in position by a eork
diaphragm, The wide portion of the glass tube contains a
weighed cotton-wool plug, and the narrow end is connected
with an empty bottle, C, and a Desaga water-jet aspirator,
which is attached to a large wash tower, E, so that air can be
aspirated through B and C, and delivered to the experimental
gas meter for measurement. The air was aspirated for about
6 hours daily during May and June, 1897, at the rate of 25 to
35 cubic feet a day.! The plug was weighed at intervals, Two
sets of experiments were conducted alternately, and the agoregate
increase in weight is as follows :—

N, of Gain In welght  Welght per 100 cub,
éxperinent. Cub, ft. aspirated. . grams. ft, m. grams,
1 43694 52 1-19
2 G81-75 81 1-20

These figures concord very well with Dz, Russell’s results
for dull weather.

! Full details of the method are given in the Journ. Soc. Chem. Ind. (1897),
16, 411,
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From this we may conclude that the weight of solid matter
in the air of Leeds is 1'2 milligrams per 100 cubic feet, and as
the solid matter collected on the plugs was quite black, it may
be assumed that it consisted mainly of soot. Supposing this
amount to be uniformly distributed through the atmosphere to
a height of 300 feet before being dispersed, it will represent a
weight of 2 ewt. of solid matter suspended continuously above
an area of 1 square mile. If, as has been estimated, the atmo-
sphere is renewed 50 times in 12 hours, the guantity of soot
discharged into the air during this period will amount to 5 tons
on the square mile. If this quantity of 5 tons is ealeulated for
the 16 square miles covered by the city, it amounts to 80 tons.
This figure is rather lower than that ascertained in other ways
(see p. 20), but it must be remembered that the estimate is
only a rongh approximation. A portion of this soot is constantly
falling, whilst the greater part is blown away.

5. The Daily Soot-fall

Delejeune,! in 1855, stated that 6% tons of soof fell in 12
hours in the town of Lille from a calculated loss of 5 per cent.
on all the fuel burnt, a number which is probably over the
mark. From the quantity contained in snow which fell in the
winter of 1902, Mr. W, Irwin? estimated roughly that 30 tons
of soot fell on 100 square miles with Manchester as centre,
Mr. F. W. Harris,® of Glasgow, from experiments with soot-
collecting boxes placed in different parts of the city during the
four winter months, caleulated that 45 tons of soot fell each day
upon Glasgow’s area of 12,796 acres, or at the rate of 16,410
tons per annum, or 820 tons per square mile per annum. This
iz much above our estimate for Leeds, which was found to be
only 220 tons per square mile per annum, or of Messrs. Des
Veeux’ and Owens'* figure for London, which was about 259
tons on the average of the four stations investizgated (see p. 84).

A fairly accurate idea of the amount of soot falling in
Leeds has been arrived at in two ways, namely, by estimating

1 Byull. de la Soc. d'Encouragement (1855), p. 473,

? Jowrn. Soc. Chem. Tnd. (1902), 21. 585,

? 4 Glasgow’s Bmoke Nuisance,” by P. Fyle, Glasgow Herald, Oct. 16, 1909,
1 % The Boot-fall of Londen," The Lancet, Jan, 6, 1912,
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the solid impurities deposited on snow and by determining the
amount of solid matter carried down by rain. In January,
1892, after a fall of snow which lay on the ground for several
consecutive days during clear and frosty weather, a sample
covering 1 square yard was carefully removed from a grave-
stone in the parish churchyard (between stations 2 and 4, see
map, p. 15) a short time after the fall had ceased. The snow
was melted, filtered, and the solid estimated. Fresh samples
were taken and analysed on the three following days. They
contained soot in suspension, and ammonium sulphate, and
chloride, ealeium sulphate, and free sulphurie acid in solution.
The appearance of the samples is shown in Fig. 3, taken from

Fia. 3.—Melted enow collected on four successive days,

a photograph. The bottle on the left representing the first
day's snowfall was translucent, whilst the last of the four was
quite opaque.

The weight of solid matter carried down, as determined
from the first sample, was equivalent to 16 ewt. to the square
mile, whilst the additional weight of soot which accumulated
on each successive day was equivalent to 4 cwt. fo the sguare
mile.

By a periodical examination of the rain-water (which carries
down both soluble and insoluble impurities) derived from
different localities, a fair notion of the relative quantity of
these impurities has been ascertained. Ten represenfative
stations were selected in Leeds of different types, varying from
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industrial to suburban, and also one at Garforth, situated about
7 miles east of Leeds in an agricultural district. The accompany-
ing plan (Fig. 4) indicates the situation of the different stations
(with the exception of Garforth), and the character of the area
in which they were located. The rain was collected by funnels

r/
—

ST LEF

1. Leede Forge 5. Headingley
2. Hunslet Industrial Centres, G, Armley
2. fﬁ?fm“ F.lil1 7. Woodhouse Moor | Residential
. Philosophica s e H. Kirkstall Centres,
Hall }‘Tm-. m Centre. 8. Weetwood Lane
10. Roundhay

Fia, [.—'H:{Uil.']L—tlliL]_'l of Leeds and its environs.

12 inches in diameter, fitting into the necks of glass bottles,
which were emptied monthly, and the contents analysed. The
results of the experiments, which were continued for 12 months
from November, 1907, to October, 1908, are contained in the
following table. The table gives only the suspended matter;
the soluble impurities are discussed later (p. 38).

|
=
i
|
i
4|
i
b,
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Solid Impurities in Leeds Rain.

Tona per square mile per annum,

Buspended matter.

Station,
Carbon, Tar. Ash, Tatal.
|

1 |3 | Leeds Forge . . 1896 314 3180 F390
¥ | { Honelat 0 | 241-2 19:7 187-2 4481
8 |z [ Beeston Hill . . 871 436 2025 8823
4 |£ Philosophical Hall 997 228 | 12006 G496
i r Headingley . . 100-2 123 L1138 1684
B [ Aamale s L 2eE-0 9-7 G1-7 1684
T |2 | Woedhouse Moor . G632 -1 41-7 114:0
§ 13 Kirkstall . . . ha-a B 403 106
L] = | Weatwood Lane . 193 T4 | 154 4530
10 | tonndhay . : T 41 [ 140 a5T
11 “Carfocth . . . - L | — —

The industrial area of Leeds lies almost entirely in the
southern half of the city. To the north and east the city
merges into purely agricultural country. These facts explain
the rapid diminution in the solid impurities on passing north-
wards from the centre of the town. Taking the centre as the
unit, 1 mile out they fall to }, and 21 miles out they fall to
1 whilst at Roundhay, about 3 miles north-east of the centre,
the impurities are S\ of those in the industrial areas. The
waste of fuel in the form of unburnt coal is illustrated here in
a very striking way ; for in Hunslet there is each year a deposit
of nearly 450 tons per square mile, whilst the average amount
for the whole area ineluded in the investigation, roughly 16
square miles or 4 miles square, amounts to 220 tons per square
mile per annum, or an average of over 15 ewt. per square mile
a day for the whole town! Taking the average of 5 stations
included in the 4 square mile central area we have an average
of 335 tons per annum, or roughly 1 ton per square mile a day.?

1 Delejeune in 1850 estimated roughly that 6} tons of soof fell in 12 hours
in the town of Lille, a number which was probably over the mark, whereas
W. Irwin (Jouwrn. Soc. Chem. Ind. (1902), 21. 538) estimated roughly that 80 tons
fell on 100 square miles, with Manchester as centre, or & tons to 16 square
miles.

® Tt will be noticed that the amount of deposit on the snow on suceessive
days iz about one-fifth of that carried down by rain, or one-fourth of that

=

e e e b i
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Lhe diagram of Fig. 5 represents by the length of the vertical
columns the proportion of carbon tar and ash in the soot from
the rain of the various stations numbered on the horizontal
line.

6. Soot-tar, its Amount and its Effects

CARBON
TAR
ASH

Soot, as we have seen (p. 5) is not
pure carbon ; but contains varying amounts
of tar. This tar adheres so tenaciously to
everything that it is not even removed by
rain, It is, in short, a kind of varnish. In
order to ascertain the amount of this sticky
material glass plates 1 foot square were
exposed horizontally at three stations, one
in a garden at Pool (9 miles N.W. of Leeds),
one on the roof of the University buildings LLL T
(near station 7 on the map, p. 15), and one |
on the Philosophical Hall (station 4). These
were disposed so as to be as far as possible
from echimneys. The deposit on these plates
after an exposure of a few weeks, loose

{

» Leeds Forge,
Humnslet,

Beeston Hill.
Philoaophical Hall.
Headingley,
Armley.
{bzervatory.

4 H.il:‘k.-i‘i.l“,
matter having been removed by running 8 Weetwood Lane.

. . 1. Roundhbay.
water, was analysed and weighed., Fresh ;
plates were then put in the place of those Fia. 5. — Relative
emoved. and the broces epeated  fro proportion of sus-
removed, and the process repeated from Lo a.4 natter,
month to month. The deposit contained
about 50 per cent. of carbon, and was therefore mainly soot.
The proportion at the three stations was as follows: for 1 part
deposited at station 4 near the centre of the town, +; was
deposited at the University, and .\. at Pool. The photograph
(Fig. 6) shows the difference between the town and the country
plate after an exposure of 6 months.?

Sy BT ofa 00
T o

o

carried down by falling snow. It is obvious that a much smaller quantity
will be deposited by gravitation in a dry atmosphere than when the atmo-
sphere is washed by rain or smow, and that the rain will cleanse more
efiectively than the snow (see Appendix B., p. 77).

' This method may be recommended for testing the condition of the
atmosphere. The plates after exposure for a certain time should be comparaed
with plates of standard tints.

c
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These experiments have been repeated recently at a larger
number of stations with the following results :—

March 23— June 23— {wrta. per s, mile
Station. Jume 23, 1910, Sept. 23, 1910, [eitE AT,
(118 Hrlllﬁ. Lli. TS, Bt ﬂ.
2. Honslet . . . . G2-G 465 110
1-4, Kirkstall Road (be-
tween 1 and 4) : 255 #1-1 G4
4. FPhilosophical Hall . 2064 B4 063
. Headingley . . . 11-3 172 27
i Obzervatory (Wood-
honse Moor) . . 154 Q=) B
100 Roundbay . . . 1-9 21 45

It will be seen that the ratio of the deposit at Roundhay to
that at Hunslet is almost exactly 1 to 24, which was the ratio
obtained in the previous set of experiments for town and
country, and approximates to that of the total suspended maftter,
namely, 1 to 17 in the two localities,

Fia. 6.—Town and country plate after 6 months' exposure.

Assuming that 5000 tons® is the daily, or 1,500,000 tons is
the annual coal consumption in Leeds over an area of 16 square
miles, and that 1 iz burnt in house fires emitting 6 per cent. of
soot, and % in factories giving off 0°5 per cent. of soot, we may
determine the fate of the unburnt fuel as follows : *—

L This figure is taken from the rafio of coal consnmption to population as
ascertained for London. No other estimate seems available,

* The permanent and femporary -;lulmsii:‘:. are caleulated on the average of
the & stations in the 16-mile ares covered by the town,
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Destination of Soot emitted in Leeds.
(Tons per annnm. )

Total emitted from factories , . . . . 5,000
o " housafires . . . . 80,000
35,000

Soot blown away SRR e TR e
n deposited te =|:pnr|.nl e ’; 479
- pormanently . . ., . 44

90,000

The amount which escapes is nearly 10 times that which
falls, and more than G600 times that which remains as a
permanent stain.

The opinion has been expressed® that owing to the larger
percentage of tar in domestic soot and consequently its greater
adhesive property, the blackening of buildings and vegetation
is mainly due to the domestic fire-place. There is undoubtedly
much truth in this assertion; for if we multiply the amount
of soot from residential and industrial centres by their relative

content of tar we find that the industrial tar deposit is nearly
equal to that of the domestic product. So that, assuming the
ratio of total deposit of the industrial and residential centres to
be 400 to 25, and that of the tar content in the two cases to be
2 to 30, we get 400 x 2 = 800 as against 25 x 30 = 75

which is slightly in favour of the suburban area. We I!tl_'l,l!‘;t
remember, however, that the industrial deposit includes soot
from masses of workmen’s cottages which cluster round the
factories and help to raise the percentage of tar. This is shown
by the amount of tar in the three industrial centres of Leeds,
which varies from 45 to 13 per cent., and is much in excess of
that obtained directly from the factory chimney. Mr., Harris
of (rlasgow estimated, from the amount of tar found in the
gases from domestic chimneys, that in the eity of Glaszow 257
tons of tarry matter are delivered into the air every day. Our
own observations on the amount of tar in soot and the quantity
emitted in Leeds confirm this result. Thus, a'utmnmufr as
before that on 5000 tons of coal consumed daily in Leeds, ! is

! B. H. Clayton, Jowrn. of Gas Laghting (1907), 100. 437,
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domestic and 2 factory (taking the ratio for the whole country)
and reckoning 6 per cent. loss on the domestic and 05 per cent.
on factory consumption, there is a total loss of 117 tons daily,
which, taking 20 per cent. as the content of tar, gives 23 tons
of tar emitted daily. It must, of course, be remembered that
Glaszow’s consumption of coal is probably much higher than
that of Leeds.

7. Effects of Soot on Vegetation

Soot may exert a detrimental effect on the growth of plants
in three ways, namely, by blocking up the stomata and thus

Fra. 7.—Holly leaf, half cleaned. Fia. 8.—Laurel leaf, half cleaned.

impeding the process of transpiration; by coating the leaf and
so reducing the intensity of sunlight, and at the same time
affecting the assimilation of carbon dioxide, and lastly by the
corrosive effect of the acid it contains. In both cases the tarry
deposit plays an important part. The photographs of Figs. 7
and 8 are taken from a holly and a laurel leaf growing in the
grounds of the University. From the one half of each leaf




S00T AND VEGETATION 2]

the soot has been removed and the green colour then bleached,
whilst the soot remained intact on the other half of the
leaf,

Leaves, especiall ¥y evergreens, are thus coated with a black
adhesive deposit which not only absorbs the light and so arrests
assimilation, but has a much more serious effect in permanently
blocking up the stomata. Although the stomata are more
numerous on the underside of the leaf whilst the soot tends to
attach itself to the upper surface, nevertheless, an examination

Fig. 10.—5toma of silver fir.

of the leaves of different plants has shown that those on the
lower surface are also affected. The conifers appear to be the
most sensitive of all plants to the influence of smoke, and
their characteristic sunk stomata, which serve the purpose of
minimising transpiration, form very efficient traps for particles
of soot. The only two localities in Leeds where conifers attain
even moderate growth are around the two outlying stations
9 and 10 (see p. 15). The diagrams (Figs. 9 and 10) are
magnified sections throngh the leaf of a juniper and silver fir.
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8. Assimilation by Leaves of Evergreens

|

The classical researches of Blackman and Horace Brown
have proved conclusively that the main factors influencing
carbon dioxide assimilation are

¢. The number and position of the stomata.

b. The intensity of the light.

¢. The temperature of the leaf,

d, The carbon dioxide content of the surrounding air.

Thus Blackman shows that it is by means of the stomatal
openings that the gaseous interchanges in the leaf take place,
and that if the leal has its stomata only on the upper or lower
surface, the assimilation of carbon dioxide only takes place on
that side of the leaf possessing stomata. If, on the other hand,
the leal possesses stomata on both upper and lower surfaces,
the carbon dioxide absorbed follows very closely the ratio of
distribution of the stomata.

In the same paper he also shows that if the surface of the
leaf possessing stomata be coated over with a thin layer of
vaseline, thus blocking the openings, the earbon dioxide absorp-
tion is practically stopped. He has also shown that up to a
temperature of about 35° there is a steady and increasing rise
of assimilation, as seen from the following numbers :

Grams of Cy per 60 8. cm,

Temperaturs. assimilated per honr.
10° (-4 1
20° 00085
a0 00151
45" 00205

srown and Escombe have found that other factors being
constant, the carbon dioxide assimilation is proportional to the
percentage of carbon dioxide in the surrounding air.

In the atmosphere of industrial districts all fhese factors
come into play. The coating of the leaves with a tarry deposit
will act like vaseline—block up the stomata and check, if not
prevent, assimilation. The smoke-cloud will lower the inten-
sity of the light, and, by cutting off direct radiation, tend to
lower the temperature, thus still further retarding assimilation.
On the other hand, the slightly increased carbon dioxide content
of the air of towns will tend to increase the rate of assimilation.

v Phil. Trans. (1806), p. 502; Proc. Roy. Soc, (1902), p. 8397; Prog. Roy.
Soec. (1903), p. 402,
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We have no available fizures of the confent of carbon dioxide
in the air in different parts of Leeds, but we have numerous
analyses of the air of Manchester, London, Sheffield, and else-
where, which enable us to estimate the variation in ecarbon
dioxide, .

Air in different Localitics.
(Vols. of OO, per 10,000 vols. of Air.)

Locality. Manchester. | Lomdon Laomidon. Eheflield | Seotch Hills, | Chver Sea,
{ Angns {Angus | {(Angus
Hmith.) { Russell.)y smith.y (Williamz.}) =mith.) {Thorps. )
Town . . 408 E Rl 4-59 ke ) [ - | —
Buburbs . — -- 3:01 d2g | | o
Country . — ; [ 386 301

The difference is not great, amounting to about 1 part in
10,000, between the best and worst specimens of air. This
difference will scarcely afleet the plant when labouring under
adverse conditions, and any advantage gained by the slightly
increased carbon dioxide content is more than overbalanced
by the disadvantages produced by the presence of other
impurities.

A comparison ! has been made of the rate of assimilation of
arbon dioxide by laurel leaves from different parts of Leeds,
the results of which are summarized in the following table :—

Assimilation of OO0, by Laurel Leaves.

Seuror o Aren of [ntensity of | Hourly mean| Total 00, T
Expd. Leaves, Leaves, Light. | rl-I1I[I--:II.-.|:IJ1-'. pesim ilaged, .FIT:I ':';IEI'_;;ﬂ:_"F
No. 5 — — |
Sation. 24 s, L'i'::l?:_l'pllu . Milligrams, Ailligrams,
| [
1 9 F6-21 128 | 108 21-56 b i
2 ] i ] 84 I 17 6 4045 173
3 1) S3-52 149 18-7 a6-08 1151
1) B4 19 13-T 37-64 11-82
4 9 20-Rd 178 180 a8-72 18-05
] 2435 1-78 150 1672 G506
3] 9 2484 2-12 12-6 Bd-32 11-50
T 12-54 9-19 126G G0k 4:81
G 9 2084 046 14:8 =g 973
1-T= 1562 046G 148 200 1-48
T 9 2864 238 176G 4721 13-562
1 16743 28 176 2464 1-56

! Qrowther and Ruston, Journ. Agric. Seience (1911), 4. 25.
? From a garden midway between stations 1 and 7.
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Phe experiments were conducted as follows: three leaves of
the current season’s growth were placed in a flat wooden box
with glass sides (Fig. 11), and air drawn through each box at
the rate of about 18 litres per hour for ten hours. The air,
after passing over the leaves, was deprived of its earbon dioxide
by means of caustic soda solution, and the amount of absorbed
carbon dioxide determined by neutralization with standard acid,
using methyl orange as indicator, after neutralization with
phenophthalein as indicator.! By comparison with a “blank ™

i §-
i | |
; |
'-. ! T [
T i i
. P | 1-:
El —
4 !
[ 1
.'-. |
R |
l | §
H i
(T |
i I i
il
]
b e
Fra. 11.—Apparatug for testing amount of carben dioxide assimilated

Ly leaves.

test the amount of carbon dioxide assimilated can be estimated.
The insolation boxes were fixed outside a window with a
westerly aspect, so that they received no direet radiation until
late in the day, and the disturbing effect of solar heat was con-
sequently minimised.

The intensity of daylight was measured as described on
p- 92, and the area of the leaves was ascertained by means of
a planimeter. In every experiment leaves from the neighbour-
hood of station 9 were used as the standard of comparison,
Experiments 1-3 were of a preliminary nature, to test the

! Brown and Escombe, Phil. Trans. (1900), 193, 289; Amos, Jowrn, dgric.
Science (1907), 1. 822,
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reliability of the method. The result of Experiment 3 indicates
the degree of concordance that was obtained between the rates
of assimilation by different sets of leaves from the same district.

The differences in temperature and light intensity on the
different days are shown by the varying rates of assimilation
of the “standard™ leaves, which range from 595 mgrms. of
carbon dioxide per 10 sq. in. of leaf surface on a cold and
rather dull day (Experiment 1) to 172 on a warm and sunny
day (Experiment 2).

The laurel plants found in the more polluted areas were all
very stunted in size, as compared with those growing near
station 9, and consequently only medinm-sized leaves could be
obtained from these districts. A photograph of these leaves,
which represent typical specimens from each locality, is repro-
duced in Fig. 12

Weetwood Lane | Headingley | Clarendon Road City Square

100 | 528 | 152 116

Fig. 12.—Laurel leaves and their respective asgimilations.

The greatly reduced assimilatory powers of these leaves,
due to the direct and indirect inhibitory effects of atmospherie
impurities, are well illustrated in the results of the experi-
ments. Thus, if the assimilatory powers of leaves from station
9 equals 100, those of the leaves from the other stations are
represented by the following numbers :—

5 . 58
T o A0
1= . . 1b
4 115
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The great reduction in the power of assimilation in passing
from the non-industrial area of station 7 to the more contami-
nated areas of stations 4 and 5 is very striking.

In order to test the effect upon the rate of assimilation of
the actual solid deposit found upon the leaves from the two
last-named areas, Experiments 6 and 7 were repeated after
carefully removing the soot with a dry cloth, the *standard ”
leaves being similarly treated. The results were as follows :—

Btation 9 100
1 eleanod 24
not cleapned 151

1
4 cleaned 19
4 nob eleaned 1151

= =1

The effect is thus a measureable amount, although the power
of assimilation of the cleaned leaves does not reach that of
leaves grown in the atmosphere of station 9, which is freer
from soot. The difference is readily accounted for by the
clogging of the stomata, and the consequent lowering of the
vitality of the plant.

[n connection with the early decay of the leaves of trees
and shrubs grown in or near large towns, reference may be
made to the analyses of deposits on aucuba leaves carried out
by the Air Analysis Committee of the Field-Naturalists
Society of Manchester, These analyses, which were made in
Dec. 1890 and Jan. 1891, give the quantities of soot, sulphuric
acid and hydroehlorie acid in the deposit.!

Deposit on Auweuba Leaves
In milligrams per sq. metre of leaf surface.

Hydrachberic

Date. Locality. | Salid Deposit. | Sulphurie Aeid. PET
1590

Dge. 14 = [Mear Alexandra Park 151 T2 |
Al -3:}".'!1"-'1'.:1':':-:. College . . 316 1004 17-3
o 16 :] Halme. . . . . 420 260 —_
e | Z| Hacparhey . . . 443 190 44
e £ S [t [ll:lfirl::l'l.'.lr:.' (hollies) . Ti8 275 19-4
f 4l [ =/ . (auoubas) ! EGR 18-3 141
L E!.\H:m't Square . . | 833 242 21-7
1891 |

Jan, 17 | 48 fPoal Park . . . . 374 180
o 22 | EE]Cueen's Park . : 1494 155

' Beporf of the dir Analysis Commilieeof the Town Gardeming Section,
15491,
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[t will be seen that the central localities show the largest
deposits of soot and acid, the sulphurie acid forming 6 to 9
per cent., and the hydrochlorie acid 5 to 7 per cent. of the total
deposit.

The deposition of acid along with soot previously recorded
by Dr. Russell (see p. 7) is probably one of the chief causes
of the early withering which is characteristic of many forms of
town vegetation.

Ash trees in the cleaner parts of Leeds often retain their
leaves some four or even six weeks longer than those in the
more polluted districts. Thus, during the autumn of 1908, near
station 10, with a total suspended maftter of 26 tons per square
mile and acidity nil, ash trees were found in full leaf on
November 17th; near station 9, with suspended matter 42 tons
per square mile, and acidity equal to about 3 tons of sulphuric
acid per square mile, the leaves had all fallen before the end of
October, though a few were found still in leaf on the 22nd of
that month; at station 8, with suspended matter 100 tons and
acidity equal to 2:28 tons per square mile, one ash tree only
could be found in leaf on October 5th ; whilst at station 5, with
suspended matter 189 tons and acidity 3'14 tons per square
mile, all the leaves had fallen from ash trees on that date.

On September 18th, 1911, in Hunslet practically all the
leaves had fallen from the ash trees which were still alive; at
the University a few leaves only were left; at Headingley Hill
the tops of the trees only had shed their leaves, while in the
Weetwood Lane and Roundhay districts they appeared all to
be in full vigour. By October 30th no leaves at all were left
on the ash trees near the University; a few were still left at
Headingley Hill; in the Weetwood Lane about half had fallen,
while at Roundhay many of the trees appeared to have hardly
shed a leaf (Figs. 13 and 14).

Looking upon the leaf, then, as the factory of the plant, we
find in the more contaminated districts this factory totally
closed for one month of its working year, while, for the
remainder of the time, as the assimilation experiments on
p. 23 show, it is only working at half its normal pressure.

The tree automatically keeps a record of its yearly growth,
and the presence of any inhibiting factor will make itself known
by the narrowing of the annual rings. This is well seen in the

e 1

[ o A
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case of the section of the Scotch fir, illustrated in Fig, 15, for
which we are indebted to Mr. D. W. Steuart. The tree in
question was grown at Broxburn, near the Roman Camp Shale
Works, which were started 17 years before it was cut down.
In consequence of the acid fumes and smoke-contaminated
atmosphere, the diameter growth as measured by the annual
ring was sharply checked when the tree was 12 years old, though

Hunslet, University,
Suspended matter . 1565 lbs. per acre Suspended matber . §90 1bs, per acre
Acdity . . . . 40 i b Acidity . . . . 26 o i

Headingley Hill. Weetwood Lane.

cuspended matter . 273 lbs, per acre Suspended matber . 147 1be, per acre
Acidity - . . . 135 o T Ackdiby w0 ShaE AL o

Fiq, 13.—Azh trees, bept. li'il_':l:I 1911.

under normal cireumstances it would be fairly constant up to
30 years old, and then fall steadily off (Fig. 15). This sharply
defined check in the growth of the tree, as recorded by itself, is
coincident with the opening of the shale works in 1893,

Experiments are now in progress in the Agricultural Depart-
ment of the Leeds University to find if it is possible to corre-
late the known atmospheric impurities in the different parts
of the town with the yield of various crops,

With this object, soil was taken from the same bulk and
placed in tubs which were distributed at six different stations in
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and near Leeds. They were sunk in the ground in open situations
and sown with radishes on April 11th, 1911, In order to ensure
even sowing, wire netting (1} inch mesh) was placed over the
tubs, and one seed dropped into each mesh (75 seeds in each
tub), and three tfubs were placed at each station.

They were afterwards thinned out to 30 plants, and the 90

plants from each station lifted on June 30th, weighed, dried and

University. Headingley Hill. Weetwood Lane,
Soot . . 899 1hs. Soot . . 274 lbs. Soot . . 147 lbs.
Actd . . 26, Acid 0 L IBE Acid . . 11

Roundhay,
Suspended matter, 90 1hs. per acre.  Acidity, nil.

Fig, 14.—Ash trees, Oct. 30th, 1911.

analysed. The conditions, except of course those determined by
atmospheric impurity, were identical. The following are the

resnlts (—

.-111(4-"_"."-*."* .-:If' Hﬁrf.":cfrr.'h' (rroibn ol ’Ff:l'l.i':!.'i"-"u-!' Clentres,

Totnl wEight Taotal weight Average w l.'il:':ht
Statlomn, of crop. dry matter. of each plant.

ETAME, , Erams, ETame.:
Weotwood Lane . . P0G 606 55
Headingley . . . . 449 518 A
(farforth . . . . . 305 45F () -
University . . . oty 368 3-8
Park SBquare . . . 245 82-2 27
Huooslas . . . . S0 981 Q.5

g

g g e it

z
]
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Fig. 15.—8ection throurh stem of Seoteh fir,

$ .

Weetwood Lane, Headingley. Garforth.
a0 grams, &0 grrams, 4*4 Frams.
ETI Fi \
v

\E(i A
¢ x

Umversity. Park Square. Hunzlet,

g'd Frima. 2-7 gprams. 2-0 oTRMSE,

Fic. 16.—Photographs of radishes grown at different centres, with average
weight of plant.
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The radishes were followed by a crop of lettuces, which were
lifted on September 19th, after receiving as far as possible
exactly similar treatment. Here the differences in weight were

Garforth. Weebwood.

Headingley.
175 grams. 140 Frams.

1) orpmma.

University. Park Sguare,

Humnslet.
104 grams. 56 wrams. 44 grams,
FF1g. 17.—FPhotographs of lettuces grown at different centres, with total

weight of crop.

even greater than the above, only one quarter of the crop being
secured in Hunslet that would have been seenred had the

atmospheric conditions been purer, and the smoke pollution
less,

gt

BT e i i e

i
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Yield of Leltuces (Grown at different Centres.

Total weight Total welglt

Biatlon. Holid Depasit. Acidity. of Crop, of Dy Matter.
1, per acre. Iha. por acre. Eramm, EEAmME,
Carforth . + . . = 175 18-2
Woatwood Lane . . 147 11 1440 151
Headingley Hill . . 273 14 120 11-4
University . . . . 289 26 104 10-2
Park Squara . . . 547 45 56 58
Hunslet . . « . 1565 90 44 44

g. Influence of Smoke on the Intensity of Light

The presence of suspended matter in the atmosphere has a
marked effect upon the amount of sunshine. Asan illustration,
we may take the year 1907, when the number of hours of sun-
shine registered by a Jordan recorder at station 4 in the centre
of Leeds was 1167, as compared with 1402 at Adel about 4
miles to the north; in other words, the duration of sunshine in
the centre of the-city was diminished by 17 per cent. The
records for other years tell a similar tale. PBut the sunshine
recorder fakes no account of the intensity of light below a
certain limit of brightness. The amount of daylight may,
however, be determined sufficiently accurately for comparative
tests by the amount of iodine liberated from an acid solution of
potassium iodide. A mixture of 50 c.c. of a 1 per cent. solution
of potassium iodide and 10 e.e. of dilute sulphuric acid was
exposed, and at the end of 24 hours the liberated iodine was
estimated by titration with standard thiosulphate solution.
T'wo sets of experiments have been made, one in 1895, chiefly
during the winter months, at Kirkstall Read (between stations
1 and 4), at station 4 and at station 7, and another set in 1910,
which were carried out during the month of June. The two
sets of experiments are recorded in the following tables, the
numbers giving the amount of the thiosulphate solution required
to remove the free iodine.
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Light Tests,
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Being a comparison of the total daylight in different parts of Leeds.
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It will be seen from the first table that in the centre of the
industrial area the smoke cloud occasionally absorbs as much

2

11

40

&0

[l

]

H 3 4 G 7 ]

2, Hunslet, 3. Beeston Hill.
4, 1’||:.||-.-l'l|'||'|'h"|'i Hall.

i ][.'-n-iin-_:'lr_\'. 1. Obgervatory.
9, Weetwood Lane.

Fra. 18.—Influence of
pended matter on intensity

of 'i_~_"!|T.

BE=

down by rain (p. 17), and

as 25 per cent. of the total daylight
as compared with the suburban
parts of the town, whilst from the
second table which includes Gar-
forth, seven miles from the town,
it appears that fully 40 per cent.
of the light was shut out from the
industrial area represented by
station 2.

The results exhibit a striking
relation the amount of
suspended matter in the air and
the intensity of the light.

These relations are indicated
by the dark and light columns in
the diagram of Fig. 18, the dark
column giving the relative propor-
tion of suspended matter earried
the licht column the relative total

Letween

daylight. The amonnt of daylight is thus seen to vary inversely
with the amount of soot in the atmosphere.



GASEOUS IMPURITIES
I. Sulphur Acids

CoArn contains small quantities of sulphur, the amount of
which varies between 1 and 2 per cent. On complete combus-
tion the sulphur is evolved as sulphur dioxide, which in contact
with air and moisture passes rapidly into sulphurie acid. This
acid is a strongly corrosive substance. It attacks mortar,
masonry, fabrics, and metal-work, and is highly injurious to
vegetation, as we shall presently see. Coal is practically the
sole source of this acid in town air; for in pure country air it
is virtually absent. Dr, Rideal® has calculated that if all the
sulphur from 16 million tons of coal consumed annually in
London passed into the air as sulphurio acid, it would represent
from one-half to one million tons of acid,

In incomplete combustion, such as oceurs more particularly
in the domestic grate, a portion of the sulphur is retained in
the cinder, and some in the soot. Cohen and Hefford 2 found,
that the distribution of the sulphur in the products of combus-
tion of two kinds of coal, burnt in an ordinary grate in per-
centages of total sulphur, was as follows :—

Distribution I:,F' ,'“-:l':'a'.llli'a.llrffj' {_rrJ?rjE_:l.-]i'f.'.'.th' _||'-'."u.-.'| H.g.gr,u“'ri.:lr {Toal.

A B
Passing out as sulphur gases A TI'T8 G000
Absorbed in the soot and mainly escaping 14-51 11 88
Left behind in the cinder 15371 2813

Of that which is retained in the soot, a part is in the form of
free acid, as seen from the following analyses :—

L Cogl Smoke Abatemnent Conference, 1905,
® Jowrn. Soc. Chem. Ind. (1593), 12. 121.
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Source of Book. Eulphur, Acidity.
Leeds University, fire-grate chimney : 200 087
- o boiler chimmey . . 2-67 1-33
Winston Gardens, dining room . . . 245 092
i . kitchem . . . . . 2-a0 023
North Grange Mount, study . . . . 299 Q-50
3 = kitchen ., . . 1-46 050

Rideal * found in samples of soot from London, Manchester,
and Glasgow, an amount of acid corresponding to 4:6, 43, and
79 per cent, of S04 respectively., The soot which fell on the
alass roofs in the gardens of Kew and Chelsea contained nearly
5 per cent. of S0,

The deposition of acid along with soot upon the leaves of
plants 18 a matter of no small importance, for it is probably
one of the chief ecauses of the early withering of leaves which is
so characteristic of trees growing in and near towns,

The amount of sulphur compounds, present as free sulphurous
or sulphuric acid, or in combination as sulphate in London air,
has been very exhanstively studied by Dr. W. J. Russell.?

Dr. Angus Smith, in his work on “ Air and Rain,” gives a
few analyses of samples of rain, and suggests that much might
be learnt of the composition of the air by examining the
impurities earried down by rain-water,

Dr. Russell employed this method, and later devised a
process for washing large quantities of air. He found the
principal impurities in the rain of towns to be sulphates and
chlorides, and expressed these as sulphuric acid and hydvo-
chloric acid per lifre of rain-water. The amount of free acid
was not estimated, as the majority of the samples, unlike Leeds
rain, gave no acid reaction. Three stations were selected, one
in the city at St. Bartholomew’s, and two suburban stations at
Hamilton Terrace and Shacklewell. The amount obtained in
parts per million were as follows :—

H 330, in parks H{1 in parts per
per million. nvilibomn,
Bt. Bartholomew's . . a8-3 179
Hamilton Terrace . . 196 88
Shacklewell . . . . 20-7 T8

! For complete analyzes, see Appendix B, p. 77.
* The Monthly Weather Report of the Meteorological Office, Parts 1., IL., and
ITL., April, 1884, and August, 1885,
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Thus, the city rain contained twice as much impurity as
that collected at the suburban stations. Dr. Russell also
found that at all three stations there was a notable increase
in the proportion of sulphate during the summer months, which
he put down partly to evaporation of the samples, and partly
to volatile sulphur compounds being emitted from decomposing
animal and vegetable matter.

Some experiments made by condensing and collecting the
moisture in the air at St. Bartholomew’s showed the same ratio
of sulphate to chloride as well as the same amount per million
parts as that in rain-water of the same locality.

An interesting illustration is also given of the purifying
effect of rain on the atmosphere in the analysis of samples at
the beginning (I) and end (II) of a downpour.

=, Bartholomew's. Hamilton Terrace, Shacklewell Green.
: I. 1l I. II. I. 1L.
Sulphates ., . . 89T 35-1 33:1 110 897 132
Chlorides . . . 8 oG 36 14 58 L]

The best series of analyses of country rain are those of
* Messrs. Lawes, Gilbert, and Warrington of rain collected during
thirteen months at Rothamsted, the means of which are as
follows :—

Iarts per milllon.

Sulphates . . . . . . 40
Chlorides: .~ . = o o & 33

The proximity of the sea in increasing the amount of chloride
15 seen in the analysis of rain collected on Dartmoor during a
south-westerly storm.

Parts per million,

Sulphates. . . . . . 05
Chlerides . . .= = = o B

We will now compare our own results of the analyses of
sulphur and chlorine compounds contained in the monthly
samples of rain collected at the ten Leeds stations and Garforth,
giving the maximum and minimum for the year,
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Variation in quantity of Sulphur and Chlorine Compounds in
Leeds Rain,

(Parts per Million.)

Enlphure
o Freo achd
Slativn, I expressed ag Chlorine.
As sulphate, | In other forme, Total. Hg50,.
Hhax. i, | max, min. | max., min, iweax. mim. IAX. min,
g | 5y S0y |
1 208 11-2 104 00 07T 11-2 a8 0 | 292 108
2 Jé-1 151 | 83 1-4 42-1 17-2 14-T O | g5 91
3 872 174 253 87 gl 21-1 11-7 0 158 940
4 Ga-h  16:3 177 2:1 83-2 264 188 0 i8-8 47
o 882 172 11-1 87 42-2 24-8 83 141 24 51
6 818 13-3 109 1'1 367 178 12T (] 14-1 338
7 29 94 246 ) o085 108 18 g | 832 25
8 257 89 o0 246 885 114 46 0 | B3 43
9 308 93 83 00 830 104 75 0o | 198 1-3
10 15-5 ol 4-9 [ ag8-a 68 | ] 0 | 98 L
11 | 185 T3 97 10 | 262 &3 | '

[n the specimens of snow gathered on four consecutive
days, and referred to on p. 14, the following quantity of
sulphates was found : —

Sulplates in Snow calewlated as SO, in parts per Million.

Firgbdsy . . . B8,
}.:: 0
Second . . . . 93
| ~
I.--i'-h
Third . . . . 131
:u-ﬁ
Fourth . . ] T

These results cannot, of course, be compared with sulphates
carried down by rain, but are interesting as showing a steady
accumulation of this impurity even in clear weather on the
surface of the ground.

Taking the amount of sulphur compounds in the whole of
the rain during the year, and estimating it as tons to the square
mile, we arrive at the following results . —
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Sulphur in Leeds Rain.

Tons per square mile per annum.

Sulpbur compounds expressed as 505,
Siation Free acid expressed

N a3 snlphurie askd,
Az sulplate, I oflier furms. I'atals.
1 100 852 12-3 475
! 2T 5240 B6 615
i ] 770 19-1 { a601
4 129 423 13T o682
4 81 82:3 114 43T
6 83 414 151 14-5
i T 24-0 14-0 453
8 2-3 Q30 A0 42-0)
2 81 2384 15 278
10 00 15 5T 208
11 &0 1586 T4 260

The above results are reproduced in the following diagram-
atic form, in whie » vertical ¢ s in Fiz. 19 give the
matic form, in which the vertical columns in Fig, 19 give (l

Loy 1
123468 7890011 i g 4

1. Leeds Forge. 2. Hunslet, 8. Deeston Hill. 4. Philosophical Hall. 5. Heading-
ley. 6. Armley. 7. Observatory. 2. Hirkstall, 9. Weetwood Lane. 10, Roundhay.
11. Garforth.

Fia. 19.—Relative amount of Fia. 20.—Relative amount of
total sulphur. acidity.

amount of total sulphur, the unshaded part representing the
proportion present as sulphurous acid, and the shaded part
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the amount of sulphuric acid either free or combined. The
second diagram (Fig. 20) gives the amount of free acid.

It is thus shown that the total sulphur in the form of
sulphurcus or sulphuric acid is everywhere high, but particularly
80 In and near the chief manufacturing areas. Fortunately a
large proportion of these acids is neutralized either by the
alkaline fumes thrown out by the blast furnaces, or by ammonia
emitted at the same time from the burning coal (p. 57). Never-
theless free acid is present in large proportion, and represents
in Hunslet an annual deposit of nearly 27 tons to the square
mile.

Although it is the sulphurous acid which imparts to town
fog its acrid and irritating effects (see p. 63), it is the sulphuric
acid which is mainly responsible for the serious damage pro-
duced on masonry and vegretation.

Before concluding this section on the subject of sulphur
compounds in air, reference should be made to Dr. Russell's
experiments on washing air ({oc. eif.). The air was pumped into
a wide vertical glass eylinder 2 feet 9 inches long and 2§ inches
in diameter, which was divided vertically and horizontally into
compartments by means of wire gauze. The lower end of the
washing eylinder was open and placed a little above the bottom
of a glass vessel holding 400 c.c. of water. On working the
pump the air forces the water into the cylinder and breaks it
into a spray. A second washing vessel is attached to collect
anything which might have escaped from the first. The
apparatus is shown in Fig. 21,

The mean of 27 experiments, which are divided info three
groups of fine, dull, and foggy weather, are expressed in mgrms.
per 100 cubic feet as follows :—

Bulphates as Chlorides as
Enlphuric acld. Hydrochlorie acld.
Fine weather . . . . 1-28 0-10
Dall o el S #19 036
Woger i i d 46 (28

2. Effects of Sulphuric Acid on Masonry

Among the earlier records of the action of the acid in the
atmosphere on buildings are those of Dr. Angus Smith, who
found in mortar 2833 per cent. of sulphuric acid, equal to48°16
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of caleium sulphate, produced by the action of the acid on the
lime, The white efflorescence which sometimes appears on

Fig. £1.—Dr. Russell's apparatus for washing air.

brickwork is mainly composed of caleium or magnesium
sulphate, and, according to the same authority, one of the chief
causes of damage done by soot and smoke is the decay of
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mortar. It swells, becomes porous, and falls to pieces at the
slightest touch.

We are indebted to Prof. H. Jackson of King's College,
London, for some of the results of his very careful and com-
prehensive inquiry into the effects of atmospheric sulphuric
acld on the corrosion of masonry. On the stones from one
historic building he reports : “ All consisted mainly of calcium
carbonate, being almost entirely soluble in hydrochloric acid.
They showed evidence of weathering and disintegration. The
surfaces of most were soft and friable, and one was so very
loose and rotten that it could be removed to a depth of § inch
by mere rubbing. Twoe only had to be chipped in order to
obtain portions for analysis. Chemical examination of the
friable portions and of the unaffected inside of each of the
stones showed that the disintegration could be ascribed to the
action of sulphuric acid, which had converted part of the caleium
carbonate into caleium sulphate. This was associated with an
alteration in the structure of the surfaces, resulting in a loosen-
ing of the particles which had previously been cemented by the
silicates, which exist in small amounts as constituents of all
the stones. The amount of caleinm sulphate taken ! inch from
the surface varied from 3-2 to 335 per cent. In one case
calcinm sulphate was found at a depth of nearly } inch, but
there was no change below that. The friability was not always
proportional to the amount of caleium sulphate. Disintegra-
tion depends on the original character of the stone. Also the
amount of caleium sulphate, which is soluble in water, may not
represent the full extent of the conversion owing to its removal
by rain.” In another case he reports

“The stone consists of calcium carbonate in granules, bound
together by small quantities of calcium and aluminium silicate.
A gquantitative examination of serapings taken from the inside
of large pieces of stone showed that the disintegration of the
stone could certainly be aseribed to the action of sulphurie
acid, This acid, acting readily on the caleinm carbonate, con-
verts it into caleium sulphate and carbon dioxide. Analyses of
the calcium sulphate in the stone gave 475 to 1581 per cent.
on the outside, and 0°23 to 2'8 on the inside. It will be seen
that fairly extensive chemical action has taken place on the
outside of the stonework, but that this action has not penetrated
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very deeply. Limestones vary in the readiness with which
they are disintegrated by the action of sulphurie aeid, accom-
panied by the mechanical effects of wind and rain, and the
present stone is somewhat easily affected by sulphuric acid.
The decay has resulted from the disintegration of the surface
of the stonework, accompanying the conversion of calcium
carbonate into calcium sulphate, by the action of sulphurie
acid present in the atmosphere. This conversion has been
associated with a change in the structure of the stone, so that
its granules and crystals, previously held together by the
cementing influence of silicates, has been attacked and partially
dissolved in such a way as to loosen the hold of the cementing
material upon them, and render them easily displaced by the
effects of wind, rain, frost, alterations of temperature, and the
mechanical disturbance arising from the erystallization of
calcium sulphate.”

In his report on a Kentish ragstone from a church, Prof.
Jackson says:—

“Limestones used for building purposes vary considerably
in the amount of acid which can be absorbed by them before
they exhibit marked deterioration. Direct experiments on
portions of the ragstone show that they are affected preju-
dicially by relatively very small quantities of sulphuric acid.
Analyses of average samples of the friable portions of the out-
side surfaces of the specimens gave the following percentages
of calcium sulphates from 0-52 to 3-85.

“These quantities of caleinm sulphate are but small com-
pared with those frequently found in stones which have been
exposed for many years to the air of towns, and which show
less marked deterioration than that exhibited by the ragstone.

“The evidence of analyses from stones from various points
of the building is that the decay of the stone has been primarily
caused by the action of sulphuric acid present in the air, but it
must be remembered that a stone weakened in its resisting
power by such an action becomes much more readily affected
by water and carbonic acid, as well as by the mechanical
action of frost, winds, ete.”

In the course of a report on sandstone from another church,
he says :—

“None of the differences in composition (between the
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decayed and undecayed portions) can be considered as indicating
extensive chemical changes, but it must be remembered that
in a sandstone consisting mainly of grains of quartz bound
together by small amounts of cementing materials, a relatively
slight alteration in composition may mean considerable modifi-
cation in the cohesive strength of the stone. The changes
indicated by analysis are such as would result in a stone of
the nature of the specimens from the ordinary process of
weathering, assisted by the chemical action of sulphuric acid in
the atmosphere. That this acid has played some part in the
disintegration appears probable when account is taken of the
increase in the amount of it on the surface of the specimens,
compared with that present in the body of the stone.”

Two further abstracts from Prof. Jackson's report on the
stonework of another public building mus

“The results of the examination and analysis point to the
disintegration of the stone having been effected mainly through
the agency of the acid vapours contained in the air, Of these
the most detrimental have been the sulphurous and sulphuric
acid, which arise mainly from the combustion of coal. These,
meluding carbonic aecid, water, and alternations of temperature,
may be described as the materials and conditions primarily
necessary for the decomposition of siliceous stones (sandstones)
and limestones. There is practically no evidence of any effects
which can be ascribed to hydrochloric acid, In the case of
siliceous stones, which consist of silica in the form of araing of
quartz cemented together by aluminium silicate and caleium
carbonate, the latter has been freely attacked, and its place
largely taken by calcium sulphate. This, besides being soluble
to an appreciable extent in water, does not act as an agglutinant
or the quartz grains, which, consequently, have been rapidly
displaced from their former positions.

“ Disintegration having once started, would be progressive,
not only on account of the continued existence of the primary
causes and conditions, buf because of the consequent increased
porosity of the surface of the stone rendering this a readier
absorbent, both of injurious gases and of agueous solutions,
capable of chemically acting upon the Jm.tm'iuls-. with which
they are thus brought into intimate contact.”

The analyses r=]1c;nw. that in the case of limestones in many
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instances more than half the carbonate has been transformed
into sulphate on the surface, and in the case of siliceous stones
an even larger percentage of the binding carbonate has been
transformed.

“It must be borne in mind, in comparing numbers for the
percentages of caleium sulphate, that limestones are much more
chemieally aetive towards sulphurous and sulphuric acid than
siliceous stones, and that, consequently, given the two varieties
bathed in the same atmosphere, the limestones would show the
higher percentage of calcium sulphate. It does not necessarily
follow that they would show the greater disintegration, for with
the removal of their cementing and agelutinating portions, the
siliceous stones would be readily affected mechanieally, as for
example, by dust-laden winds and the freezing of water,”

3. Effects of Sulphuric Acid on Metal Work

We are indebted to My, W. B, Worthington, chief engineer of
the Midland Railway, and Mr. A, Rattray, chief engineer of the
Lancashire and Yorlkshire Railway, for the details of experiments
made to ascertain the loss of weight of rails arising from wear
and tear, and from corrosion. A number of rails were placed
in suitable positions by the side of the line, and weighed at
intervals, and the loss of weight recorded. The rails were of
the ordinary railway section, weighing about 86 lbs. per yard.
The annual loss of weight from corrosion was as follows: —

Lazs of welght in Number of vears
'[ll-mll]rl PET AN v which obser-

per yard. vations extended,
(1} In the cenfre of the town . . . . 104 17
{Z) In a dry place in a smoky tunnel . . 148 13
(3) In a wet place in the same tonnel . 171 8
(4) On the sea coast amongst sand hills . 18 17

The effect of smoke is very evident both in the fown and in
the tunnel. It would appear that the amount of corrosion due
to this cause from town air is more than six times that from the
purer atmosphere of the sea coast. This action on rails must, of
course, be the same for all iron work exposed to the atmosphere,
and gives an indication of the widespread amount of corrosion
which must be taking place.
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4. Effects of Sulphuric Acid on Vegetation

In order to examine the effect of sulphurie acid upon vege-
tation, Timothy grass (a perennial grass) was sown on May 12,
1908, in boxes 1 foot square, filled with soil from a well-mixed
heap, and treated exaetly alike throughout the experiments with
the exeeption of the watering, They were watered at rates
corresponding to the average Garforth rainfall of 25 inches,
with waters containing respectively 1, 2, 4, 8, 16, and 32 parts
of sulphuric acid per 100,000. Other boxes were watered with
Garforth rain-water, with the same water neutralized, and with

1 part per 100,000, 4 parts per 100,000, 16 parts per 100,004,

Fie. 22.—Effect of various proportions of sulphuric acid in water.

Leeds rain-water, It may be added that the acidity of the
Leeds rain ranges from % to occasionally 10 parts per 100,000,
In the ecase of the Leeds rain-water and of those waters
containing the higher degrees of acidity, germination was dis-
tinctly checked, and the delicate green of the young grasses
quickly changed to a yellow or brown (Figs. 22, 23, and 24),
The grasses treated with water whose acidity was 32 parts
per 100,000 were killed off in little more than three months,
and not a trace of vegetation of any kind was visible in the

! Crowbher and Ruston, Jowrn, dgric. Selence (1911), 4. 25,
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following spring. The water of acidity 16 parts per 100,000,
proved fatal in less than a year. The weights and composition
of the material grown during the three seasons 1908-1910 are

AL
™

SRR 1‘-, AL
LA LT

o p et .
ALY -2 1-.u.-:i..

2 parts per 100,000, B parts per 100,000, 32 parts per 100,000,

Fra. 25.—Liffect of various proportions of sulphuric acid in water.
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Garforth rain nentralizsd. Garforth rain. Leeds ralm.

Fig. 24.—Elfect of (1) Garfurth rain-water neutralized ; (2) Garforth rain-water;
(3) Leeds rain-water,

recorded in table (p. 48). In addition to the dry matter, the
amonnts of nitrozen and erude fibre (that is, the indigestible
matter) have also been estimated.
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It will be observed that in every case the yield steadily
decreased with the increased acidity of the water used, and that
the effects in this respect were cumulative,

In the first season only the “ 32 parts ” shows any decided fall
in the yield. In the following season this specimen was killed,
whilst the “ 16 parts ” was in exéremis, and in 1910 not a trace
of vegetation was left ; whilst the “ 4 parts™ and “ 8 parts ” show
aminimal yleld. Even the grassin the “2 parts " box 1s suffering
severely, and, most interesting of all, the Leeds rain is now
definitely telling its tale.

The Action fg.ﬂ‘ .“:.!-E{E'Jlr.!!lr'e'r' Aeid om the Yield rg.|'1 '_T;.lrrr.'ll'ffy Frass,

1 i Nitrogen in dry Cramde (ibre in dry
b . 1 FIBET 1156 [ r § E :
Description of water nse. Fatal dry matker. ke ‘matter.
- a I |
Year.. | 1208 | 1908 | 1910 | 1208 | 1909 | 1810 18405 | 15089 | 1910
— I —
Per, || Per.| Por |- Por

| I"ar Per

I
nt. | cent. || Cong, | ¢ont cenk.

| pme, | gms, | gma, || cent, | ©
Garforth rain, nentralized | 280 24-9 | 14-7 || 2-47 | 2-22 |1-58 [ 24-3 | 21-9 | 28-T
o r 4.“."I|.iI::lI'_'-.' 248185 110 | 201 | 175 | 154 || 259 | 25-3 | 260
Licods rain . i o198 175 A6 196 | 1049 | 128 | 264 | 26-9 | 272
1 part H.S8O, per 100,000 |80-5 18:2 | 12-0( 1-89 | 1°61 | 1-40 | 25-5| 273 | 26-2
2 parts  ,, 3 287 178! 80184106109 | 26-3 | 28-8 | 287
- RS 5 [28-8 100! 89 1-74|0:95|0-86 | 27-4 | 28-9 | 28-9
8 T [24-8| 82| 8T[ 1-77|0:88 | 0-82 [| 2532 | 354 | 503
1 3 298| 1-8| nil || 1-62|0-87 30-8 362 —
82 i - i]-'t"l nil | nil || 098] — a1t | — —
[ |

The three photographs reproduced in Figs. 25, 26, and 27
show the appearance of the grass after the first season’s
growth, the boxes being arranged in order of inereasing * parts ”
of sulphurie acid.

The results of the analyses also show that the increase in
acidity, besides reducing the total yield of dry matter, lowered
the nitrogen content and inereased that of crude fibre. The
grass grown with the nine acid waters must obviously be greatly
inferior in nutritive value to that grown with neufral or less
acid waters, The effect is quite evident in the case even of the
grass watered with water containing only one part of acid per
100,000, a proportion which is about the average in Garforth
rain, and hence it becomes a mafter of importance to ascertain
to what extent this deterioration can be traced to the soil of

S,
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meadows in smoke-infected areas. The soil in the hoxes was
therefore submitted to chemical and bacteriological examination
by well-known methods.!

GariorthRain GariorthRain 8 | ecds Rain

Neutralised

I'16. 25.—Effect of various proportions of sulphuric acid.

Acidity1Part AciditydParts
| p}:r:]ﬂﬂmm per 1(}[}.{]{'0

Fig. 26.—Effect of various proportions of sulphuric acid.

' The methods used were those of Kjeldahl-Gunning for nitrogen, Russell
for ammonia, Dyer for phosphorie acid and potash, Amos for total carbonate,
Russell and Darbishire for absorptive power for oxygen, and nitrates were
determined by extraction and reduction to ammonia.
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i
;
W Acidity 2PartsfAcidity8Parts ,ﬁciflil}-‘ﬂﬂﬂ%;}résa 1
L. . > 100)
pér100000 gmrlﬁﬂﬁ per 100, .
|'| ; ] A .
{
Fia. 27.—Effect of various proportions of sulphuric acid.
Chemical Analysis of Seils.
; Nitrogen l%’f-,' _¢,"-_-:' |"-'_"='*! , 'Eﬂ;_‘:.:
i ~ | 28 | 35 | £S5 2E
P g £1 85| B3 |2tz |5k
2 25 | ZE | <2 | 2% |FE”| ks
= ha| TR et 4
W I eT WY | Er 1k §
I.I-'.'l.li- | “‘E;:ill.all 1I|:|II i:.l:l I;Ilﬁ;. |1! nt. |-]-:-[;.l. [ mm,
GGarforth rain, nentralized . | 0179 | &5 bed | Q:014 | 0012 | 028 12
" »  ondinary . o159 | 14 47 | 0019 | 0-019 | O-1B g
Leeds rain * . 0162 25 37 (0026|0031 | 014 o
1 part H,80, per 100,000 . [0-154 | 21 | 41 |0028|0015| 016 | 8
9 parts - . . |o158| 49 | 38 [0026|0021| 012 | &
P 5 i Clo1oa| 68 | 18 | 0026 | 0026 | 010 i
fin ne = < Clo2e | 79 | 05 | 004l | 0020 005 | 4
16 ., L0144 | 81 | 00 | 00048 | 0042 | 004 3
BEREE = = .| 0e133 | o4 00 | 004G | 0-043 | 003 0
With the exception of the total nitrogen, a distinct correla- :
tion is traceable in all cases between the amount of acid applied |
to the soil and the different quantities estimated. Thus, i
increasing acidity has elearly led on the one hand to diminished [

content of nitrates and of carbonates, and to diminished absorp-
tive power for oxygen, but on the other hand to increased
content of the easily soluble mineral ingredients and also of
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ammonia, The absorptive power for oxygen thus measured is
in effect a measure of the activity of the micro-organisms in the
s01l, and this diminished absorptive power is a clear index of
the general diminished fertility of the soil! The increase in
the ammonia-content of the soil with increased applications of
acid finds a ready explanation in the results of the bacteriological
investigations.

.Irﬁ-r|.'.|'e.'}‘.l'rJJ'-I:;f-'rJ|i' Investigation of Soils.

ll.-L._J.: number | An : Nitrogen
.I_I._I.-,,:;:In.-l.l.E wodneed from .h_|l:||;;i o
: ﬁ?.'n'ﬁﬂ--f*‘l. pRprane. ]1-1:|l:-:nl:-.-.
thonsands, Mg, niEA mgd.
Crarforth rain, neutralized HEEg 13-4 1.0 4G
o ordinary . 1630 12-7 054 37
Leads rain 7 - 1170 11-7 073 80
L part H.50, per 100,000 1260 121 (-80 33
2 paris * e 1105 11-2 085 30
e - H G 1005 (-5Ha 2-H
i 4 & 180 10-3 0-36 L
16, 5 §5 40 103 (28 19
82 = 15 | &1 018 ]
OARFORTH NEUTRAL [Ea TR e R )
GARFORTH RAIN R A T T B .
LEEDS RAIN TR e )

ACIDITY 1 PART PER 100000 R
- ZPARTS o+ oo I

T R
TR |- I o]

va o2 BE ] -
0 0102 02 04 05 0 0.7 0B 08
MILLIORAMS

1. 28.—InHuence of acidity., Nitrogen nitrated.

The influence of the treatment with acid upon the extent
and character of the bacterial flora of the soil will be seen to
have been very striking, the total number of baeteria diminish-
ing rapidly with increasing acidity, this being reflected also in
diminished activity as regards ammonia-production, nitrogen-
fixation, and, above all, nitrification.

Ammonia-produecing Bacleria.—The activity of these bacteria

! Russell and Darbishire, Journ. of dgric. Science (1905), 1. 260,
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was measured by their effect upon peptone. The procedure in
each case was to incubate 1% grams of the soil with 100 c.c. of
a nutrient solution containing 1 per cent. of peptone, but no
other source of nitrogen. The incubation at 30° C. was pro-
longed for three days and the ammonia produced then estimated
by distillation with magnesia. In each case a strong growth
was obtained at the surface of the peptone solution, but the rate
of development and appearance of the film varied so markedly
in the different flasks as almost to permit the soils to be graded
on this basis alone.

It will be noted that whereas ammonia-production was
appreciably more active in the “ Garforth Neutral ” soil than in
those which had received acid waters, the diminution of activity
with inereasing acidity was very gradual and slight, being only

JARFORTH RAIN
LEEDE RAIN
ACIDITY 1 PART PER 100000
" ZPARTS - S
¥ 4 i " o [ Ty
o e
i indl
P T e

OARFORTH NEUTRAL e B e R S ]
e T, ]
P T e

e |- [
PP :E '

L]

g 3
MILLIQRAMS

Fia. 29.—Influence of acidity. Nitrogen fixed.
about 25 per cent. less, even in the® 16 parts ™ soil. There was,
however, a marked falling off in the case of the “32 parts”
soil.

Nitrification.—The most marked effect of the acidity is seen
in the reduced activity of the nifrifying or nitrate-producing
ili'git'[liﬁ[tlﬁ.

This was investizated in each case by incubating 5 grams of
the soil with 100 c.c. of a sterile nutrient medinm containing
005 gram of ammonium sulphate, 0°5 gram of caleium earbo-
nate being also added. After 21 days’ ineubation at 30° C. the
nitrates formed were estimated colorimetrically by the pierate
method, The films obtained were in no ease very well
developed, which was not surprising in view of the initial
poverty of the soil in ealcium carbonate. The amounts of nitrate
produced were thus in all cases very low, but still the influence
of acidity 1s brought out very sharply. There iz again the
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general concordance between the results obtained with the two
ordinary rain-waters and the “ 1 part” and “2 parts ™ soils.

It will be noted that the activity of the nitrifying organisms
was inhibited to a relatively far greater extent than that of the
ammonia-producing organisms. Thus, for instance, in the “4
parts ¥ soil the nitrate-production was only one-half, whereas
the ammonia-production was fully 75 per cent. of that in the
“ Garforth Neutral ™ soil. This furnishes a ready explanation of
the fact, previously recorded, that the ammonia-content of the
soils was greater when inereased amounts of acid had been
applied to them (p. 51).

The conversion of the complex albuminoids originally present
in the soil into the soluble nitrates upon which the plant
principally feeds, proceeds in at least two stages. The organisms
which are :'E!x[ncaxtéilrll: for the first change from albuminoids into
ammonium compounds are apparently susceptible, though not
vitally so, to acid influences, On the other hand, the organisms
which are responsible for the final change of the ammonium
compounds into nitrates are practically unable to work in the
presence of free acids. Hence, though the activity of the
ammonia-produeing organisms is distinetly checked, ammonia
is still produced. In the case of the higher degrees of
acidity the nitrifying organisms arve almost non-existent,
Thus, the inereased application of acid gives an increased
ammonia content to the soil, not because more ammonia is
produced, but because the smaller amount of ammonia thus
produced is incapable of being converted into nitrates, and hence
accumulates.

Nitrogen-fiwing Organisms.—The activity of these organisms
was measured by incubating 1 gram of soil with 0-5 gram of
calcium carbonate and 100 c.e. of a sterile nutrient solution
containing 2 grams mannite, 002 gram each of potassium
dihydrogen phosphate, erystallized magnesinm sulphate, and
sodinm chloride, and -1 gram of caleium sulphate. After
incubation for 13 days at 30° C. the nitrogen-content of the
mixture was determined by the Kjeldahl-Gunning method.
The amount of nitrogen fixed was then arrived at by deduncting
the nitrogen originally present in the one gram of soil taken.

The characteristic growth of the nitrogen-fixing organisms
has been fully deseribed by Ashby, and the sequence of gas-
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production, growth of film, and gradual darkening in colour
referred to by him were exactly reproduced in these cultures.

The differences in the rate of development with the different
soils were, however, so marked that it was quite possible from
the appearance of the cultures to place the soils substantially in
the order which was subsequently found to be that of their
nitrogen-fixing activities,

Here again, as in the case of nitrification, the application of
acid waters to the soil is seen to have exercised a marked
inhibitory effect upon the activity of the nitrogen-fixing
organisms, the reduction in the case of the soil on which the
more impure rain-water (Leeds) was used amounting to practi-
cally one-third of the nitrogen-fixing activity of the “ Garforth
Neutral ” soil.

It is also interesting to note that here again, as in the case
of the other forms of bacterial activity investigated, the Leeds
raln-water exercises an inhibitory effect somewhat greater than
that of water containing one part of H,SOy per 100,000, but not
areater than that of water containing two parts of HiS0, per
100,000. This accords precisely with the indieations of the
yields of dry matter and with the results of the analyses of
Leeds rain samples recorded in p. 38.

To sum up, the presence of free acid in the atmosphere
exercises a detrimental inflnence upon plant growth by direct
action upon the leaves, and by indirectly reducing the activity,
not only of the necessary ammoniacal fermentation of the soil
humus, but even more by lowering the activity of the nitrify-
ing and nitrogen-fixing organisms in the soil. Moreover, the
continued application to the soil of acid rain produces a grass
distinetly poorer in protein and richer in fibre, and consequently
less nutritious.

The presence of smoke contamination is wusually made
manifest by an increased sulphur content in the leaves of trees
and plants.

The following analyses by Mr. D. R. Stewart, of Broxburn,
of the leaves of conifers illustrate this point very clearly.
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.lr'.lf_'!).l'ﬂl'f' Ll“rl'l‘ﬁ.f_

Eource of leaves,

1, Roman Camp, very near shale
retorts At W

2. Ecclesmachan, country wvil-
laga in neighbourhood of
shale works . .

3. Wear Dumfries, in
countey

|'||:|'||_

Pepcentage of S0 In original leaves,

(-28 per cont, of total weight

-1

-0

_IHII.[-IIJ.-“II }11|'-|".

1. Reoman Camp
2. Wear Dumfries .

(19 per cent.
(06

In the ease of leaves of the same age and from the same plant,
collected from localities where the sulphur content of the air
has been determined, a striking correlation is observed between
the SO, content in the dry matter of the leaves and the annual
deposit of 80, from the air as previously determined.

Yearly deposit
[ 500 i Lhs.
T ACTE.

Station.

1. Honslet . . . . 215
2, Park Square . . . 197
8. University. . . . 134
4. Headingley Hill . . 116
5. Weetwood Lane . . 08
B Garforth . . . . a1

Percentage of 504 i dry matier of leaves,

Ash tree,
F.cibuess,

Total. After cleaning
Mer cent. Pér cent, I'er cent.

T 3-8 S22
4-16 2-61
= — 1-04
373 308 i
3-04 Stk T 1-58
= —_— 1-20

[t would appear, therefore, that in the more smoke-infested
areas, not only is there an increased deposit of sulphur com-
pounds with the soot upon the surface of the leaves, but that
there is also an inereased intake of S0, probably through the

stomatal openings.




a6 SMOKE: A STUDY OF TOWN AIR

5. Other Gaseous Products of Combustion and their
Effects

Chlorides are found in large quantities in the atmosphere,
especially in industrial areas, where, expressed as common salt,
they sometimes reach as much as 100 to 130 tons per square
mile of surface. The amount carried down by rain at the dif-
ferent stations previonsly referred to is shown in the following
diagram (Fig. 30) by means of the shaded
columns, The actual quantities, tozether
with the content of ammonia estimated
in the same samples of rain, are given
in the table at the end of this section.

Ihat the greater part of these
chlorides are purely local is proved by
the following facts: They diminish
rapidly in amount on passing north-
wards from the centre of the town,
Thus at the Philosophical Hall they
represent 211 tons per square mile:
one mile out they fall to 141 tons; and
two and a half miles out they fall again

12345678391wn tolDtons persquare mile. Furthermore,
1r:{|-='i';f_:_3:|'j:2;‘f[|I‘—'- I:h{[lﬁil;j_- the average chlorine content, as given
sophical Hall. 6. Head- by Angus Smith, of rain collected in
jr|l|"|'r_jl':i',:ml:_;‘_d :i::.“ililli:;-l:'.ct.-.]:;: inland country places in England is
2. Weetwood Lane. 10. 3-88 parts per million, a figure practi-
toundbay. 11. Garforth, : . . -
- T eally identical with the averaze at Gar-
Fic. 30.—Relative amount . .5 . : : e
T forth, 7} miles distant. In an indus-
trial centre like Hunslet the average
rises to 35°43 parts per million, or nearly 10 times as much.

An exeess of chlorides taken alone is no proof of a bad
atmosphere, for they naturally increase in guantity the nearer
the vicinity to the sea; but an excess in an inland district
above the amount in the surrounding area is a elear proof of
contamination from an industrial source, Of the 54 tons of
chlorine per square mile deposited each yvear at Hunslet, 6 tons
may be ascribed to the sea-spray, and the remainder to the
impurities derived from blast-furnaces, glass-works, and pot-
teries, as well as from the coal itself.

2
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The nitrogenous impurities would all be distinctly beneficial
to vegetation, either acting directly as stimulants and fertilizers
or neutralizing the acidity due to the presence of sulphur or
chlorine compounds, They are derived
mainly from the nitrogen originally
present in the coal, and also, in a
smaller degree, from decomposing or-
ganic matter and from the direct oxida-
tion of free nitrogen of the air. In this
case there does not appear to be the
great variation in the amount in dif-
ferent parts of the town that is shown
by other impurities, the hichest repre-
senting 7 tons and the lowest 2} tons
to the square mile. It is, however, l-_rl-r-{{rl:j[";::;*l.i”‘:. -IlTI}I-]ﬁ;T.E.'
interesting to note that nitrogen, in the ;.'.phi}{n Hall. 5. Head-
form of nitrates, is found only in the ."J',L,'_‘l:,'ﬁ';:,,f"::*;_ S
t:]_m-nest lf][:nhr.u:_m r}ml that the organic "u':'m.T.‘.fi'[.-".‘ff""i..r'l':r!.';'r;-.,:'],'f'
nifrogen 15 found i the largest quan- ;
titles in the industrial areas.

The diagram of Fig. 31 represents,
by vertical columns, the variation in the amount of nitrogen in
the form of ammonia (black), organic nitrogen (shaded), and
nitrates (blank), found in rain-water of the various stations.

The actual analytical results are shown in the following
table :

Fia, 31.—Relative amount
of nitrogen,

Chlorine and Nitrogen in Leeds Rain.

Tons per square mile,

Mitrogen

Statlon -
; Chilorine,
A3 ANITILOTIIA as nitrate. a3 albuminaid. Total.
1 470 371 (-0 1-84 05
LA | o5 i 3 (=00 -85 320
a 29:0 111 (14 10} 525
g | 214 4-11 (-08 063 453
5 | 11-7 317 (-3 (i 37
G| 310 2-85 028 I | 4-02
T | 14:6 265 023 46 -84
] 1649 220 005 055 200
8 | 97 -7 031 0G0 3-98
10 | 11:0 1-65 B | 03T £ -CHEN

i1 | G-3 | 1-42 091 | 0-51 265
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6. Arsenic in Coal, Soot, and Rain

Dr. Russell, in his exhaustive study of atmospheric im-
purities, already referred to (p. 36), had looked for and dis-
covered arsenic in London rain-water to the extent of 0-0003
part per million.

It is well known that most kinds of coal contain small
quantities of arsenie, probably due to the presence of arsenical
pyrites. A large number of estimations of arsenic in coal
were made in connection with the Royal Commission which
inquired into cases of poisoning with beer containing arsenic.!
In these analyses the gquantity varied from a trace to 013 per
cent. caleulated as As;0;.  In addition to this, Mr. T. Fairley,
city analyst for Leeds, investizated household  dust from
different sources, and found the following quantities of
arsenic 2 :—

Fer cent.

Dust from shelves, Me. Fairley's laboratory . 0010
- = Mr, Mackey's % v e LR
Dust from bookease, Mre. Faivley's offiee . . . (006G
o shop, Commercial Street, Loeds . . 000

We have been able to confirm My, Fairley's result in two
specimens of dust, one taken from the top of a book-shelf near
station 5 (Headingley), which contained a trace, and the other
collected in the University (station T), which consisted largely
of soot, and contained 0°015 per cent.

There can be little doubt that the arsenic in the dust was
present in the smuts from the coal.

Mr, Delépine,? in his evidence before the above Royal
Commission, gave results of his examination of soot from various
coals. In soot from South Yorkshire coals he found (-08 per
cent, of As,0;: in the soot from a coke stove burning coke
from the Manchester gasworks, 04 per cent. was present; 1in
another soot from eoke, about 05 per cent. He concluded
that “the large amount of arsemic in soot causes a marked
arsenical contamination of the air in Manchester, and may

L & Report of the Royal Commission on Arsenical Poisoning," Part 1., 1901 ;
Part II., 1902-3.

* Ihid., Part IL., p. G2,
* Ibid., Parct 1., p. 195.
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account for the bad effects of this air on vegetation.” Further
on he said, “I have a suspicion that soot from fowns, where
arsenical coal is used, is far more irritating to the lungs than
pure coal dust. The reason why I say so is that I have noticed
there is generally more fibrous tissue produced in the lung in
town anthracosis than when the coal is inhaled as dust, as,
for instance, in the case of coal-miners. I find the lungs of
coal-miners may become as black as soot and all the lymphatic
vessels entirely distended with ordinary coal dust without there
being evidenee of very distinet inflammatory reaction ; whilst,
on the contrary, in towns, where the amount of carbon collected
in the lungs is smaller, there are frequently capsules of fibrous
tissue 1n the lungs around small masses of carbon which have
accumulated, indicating some irritating action on the part of
the soot.”

A large number of samples of oot have been examined by
us for arsenie, which was found to be present in every case.!
The following are the results calenlated as As,0y:—

10 L. 15 ft. o0 e, 25 ft. 20 Tt a5 fi,
Winston Gardens . 00021 00044 Q005G 00000 00053 00017

1t is seen from these figures that the guantity increases to
a maximum at 25 ft. from the fire-grate and then diminishes.
The result is what might be anticipated from the fact that
arsenic readily sublimes both in the elementary state and as
oxide, and would therefore pass from the hotter to the cooler
part of the flue where the greater portion would deposit.

The same result was obtained in the case of soot collected
at different heights from the boiler chimney of the Leeds
University (per cent. of As,04)—

Batoom ol Tap af chimney,
Coal. chimmney. a3 . 13 . 100 ft.
University chimmey . . 0120 0104 0073 0100 0-160

The cause of the inerease in the amount of arsenie at the
bottom of the chimney is not apparent, but it may possibly be
due to local cooling, It is, however, noteworthy that the highest
figure is obtained at the point where the soot escapes into the

! These analyses were performed by the Gutzeit method under our super-

vislon by Mr. . J. Smithells, a student of the Lesds University, to whom we
offer our boest thanks,
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open air, and that the percentage is higher than in the coal
used. It should be noticed, also, that the lower quality of coal
used for the boilers is higher in its arsenic content.

l"itulll_‘g', the amount of arsenic has been estimated in a ;_fl'mll
quality of Yorkshire coal used for domestic purposes in which
only a trace of arsenic was present. The soot in this case,
collected near the hottom of the flue, contained U-018 per cent.

It is an interesting fact that all town dust, as well as town
air contaminated with soot, is never free from arsenie, and,
according to Mr. Delépine, may affect detrimentally the health
of the community.




TOWN FOG

FoG or mist consists of suspended particles of water. One
curious and interesting feature about the formation of fine
]'|;1]-[.1'.:;1[3«.: of mist or the ];]t'f_r{“.l' lb:[l‘f,il']i':l we call I'iti]l[il'lijl'ﬁ'- or
dew is that the starting-point, the nucleus of each of these par-
ticles of water, is a speck of dust—a speck which may be so
minute as to be invisible to the naked eye. Iarticles of water
may also be deposited on what are known as ions; bub this is
an artificial condition of the air, which may be induced by
radioactive substances and in other ways. Generally speaking,
however, suspended particles of water in the air have a solid
nuclens. Without dust there is no mist, rain, or dew. What
would happen, then, if air free from dust were saturated with
moisture and the temperature fell? Water would be deposited,
but only on solid objects. It would appear on the ground and
on buildings. It would stream down the walls of our houses
and soak the surface of the earth. Every solid thing out-of-
doors would be wet, but no mist would appear and no rain
would fall. As the number of these dust particles have a direct
relation to the density of a fog, determinations have been made
of the number in the air of Leeds at different centres on the
same day by the use of an ingenious apparatus devised by
Mr, John Aitken, F.R.S, and known as “Aitken's dust
counter.”

Dust Particles in Leeds Air.
Slatlon Mo, |_-||';|||||!,', Number por cubic ingh,

Woodhouse Moor (M. W. wind)
The University

Town Hall Squara

4 Parish Chux Pk e I o i
Glasgow (M.W. wind, Aitken) . . 3,736,000

o
b e e w]
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The formation of mist or fog is necessarily connected with
fall of temperature, but this fall may have a different origin in
different cases. One well-recognized cause of for formation is
cooling of the air near the ground by radiation at the surface;
but there iz another and frequent cause, as one of us has shown,!
namely, by contact of a descending flow from higher ground of
cool air coming in contact with a warm, saturated layer lying
above a moist surface, and may be called, in contradistinction
to “radiation or cold-surface fog,” a “contact fog.” Again, a
fog formed in one locality may drift into another, and this form
has been termed a “cloud fog” To these three classes Mr.
Lempfert, of the Meteorological Department, has added a
fourth, or “smoke fog,” which is caused by an accumulation of
products of combustion in the atmosphere of large towns in dry,
calm weather, so as to produce the appearance of fog.® Accord-
ing to this observer, the 1r'||u]1r.-:|m':]mtz known as “high I‘ug,"
where the fog is confined to an area some distance above
the level of the ground, ean also occur under a variety of
circumstances,

Of the 39 fogs recorded in London from September 1, 1902,
to March 31, 1903, 27 were radiation and contact fogs, 4 were
cloud fogs, and 8 were smoke fogs, that is, 20 per cent. of
London fogs were artificially induced and preventible.

Without discussing at greater length the cause or character
of fogs, let us turn to the effects of a town foo,

Fog is usually accompanied by a high barometer, a calm
atmosphere, and a fall of temperature. TUnder these conditions
a film of water coats every little floating particle of dust,
which, heavily weighted with its unwonted cloak of moisture,
has its progress impeded, hangs or falls, but does not rise, and,
in its turn, i]n}n‘rlit‘.ﬁ the movement of the air. Stagnation of
the atmosphere is produced, and there occurs an accumulation
of products of combustion, namely, carbonic acid, sulphurous
and sulphuric acid, and soof, which under ordinary conditions

U J. B. Cohen, * One Caunse of Mist Formation," Quarl. Journ. Hoy. Mef,
soc., vol. xxXX., p. 211.

* A very complete account of the character and frequeney of London fogs
iz piven by Mr. R. G. K. Lempfort, of the Meteorological Department (zee
Blue Book, 1904, Ne. 160, on London Fogs), and by Captain A. Carpenter,
R.M., on Londen Fog Inguiry, 1903,
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are to some extent dispersed. Our senses give us abundant
evidence of soot and sulphurous acid. Our faces and clothes
are soon begrimed, and eyes and throats suffer from the irritat-
ing effects of the acid. The increase of carbonic acid in London
nir during fog has been determined by Dr. W. J. Russell,' who
made frequent observations throughout the years 1882 and
1883. Taking 35 parts per 100,000 as the maximum amount
of carbon dioxide in pure country air, the following results were
recorded during mist and fog :—

Viols, of LoTn peratane L,
o o Lk in Barcmeler) Directio
Trafe 1583, Woealler. 10,000 T e | EIIL“I.II!I!.]
Lol bl | ":'lll.""_ ;
|

Jan. 17 | Dense black fog . . G- | 1000 TEG ]

. 18 = it i ] —_— 1 () s i3 =

¢ 19 | Slight white fog . . . 15 GO THE <.

w 28 | Dense black log x L5 —- 833 Ta0 o
Fob, 8 | Shightfog . . . : G0 20 L4 781 5

4 { | Dvnse black fog . . 107 40 | &0 785 3.
Mar. 15 | Slight white fog . - R 90 1140 T2 &,
Chot, 26 | White fog . 5 : 3 y a9 [ T T al L
Mov, 18 Denge black ',‘.:-_;; : : 1 06 i BT T i o k.
Dee. 1 | Thick white fogr . . . a0 1t 2 i) 3.

s 3 | 8lightmisk . . . . a1 S 166 G

» 10 | Thick white fog . . . 94 05 | 1-1 755 S5.W.

38 11 T T o (noony L1-0 lr o Tah 5.5V,

EE— L o £ R - ;1_|:|_'!- 14-1 (1H1] 0-5 055 S.W.

14 | White fop, slight . [ FR 44 T = H,
15 - i = e HEE | a0 Bl | THH &
e 5 | Owverhead for, white . d4-8 35 4-4 | TGO 5.1,
M | Dense black fog 8:1 i-4 | 17 TET A,

“ The largest amount of carbonic acid found was 141 parls;
this was on December 11, 1882, and was during a long-con-
tinued fog. On referring to the table it will be seen that the
fog had begun on the previous day, when there was a ‘ thick
white foz’ and the carbonic acid had then increased to 94 ; at
noon on the 11th there were 110 parts, and at 5 p.m. the
carbonic acid had increased to 141 in 10,000 of air, that is,
there was more than 3} times the normal amount present.
Supposing, then, this had been an increase of only pure carbonic
acid, such a change in composition of the atmosphere would be
felt by most people, but an accumulation of carbonic acid

! Monthly Weather Report of the Met eorological Office for April, 1884,
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means, certainly, a very large accumulation of other bodies,
which probably are more, rather than less, deleterious than
carbonic aeid itself.”

This statement, which D). Russell has appended to his
observations, is entirely supported by the results of experiments
on sulphurous acid found in town air during fog.

Before, however, referring to the other and more deleterions
accompaniments of fog, the following data of the amount of

s

carbonic acid in the air obtained by Dr. Russell shows how
rapidly the air assumes its normal condition when the fog

clears \—

Vaols. of GO por 100,000 Vols, of Gl per L0, 600
1854, air durfng o, after fog had oleared.
Cot-898 . o & 9-0 5:0 after 2 hours
Nov.18 . . . =3 L 13
[l S aan o5 4-1 4k
Dec. 90 . . a2-1 503 J_' o
(E:T
B3 S b [ TG 511 HER
April 8T . . . 53 6 , 24

Fras. 32, 33.—Apparatus for estimating sulphurous acid in air,

The apparatus for estimating sulphurous acid in air, which
was devised by one of us in connection with experiments
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instituted in Manchester in 1891 on behalf of the * Air
Analysis Committee” of the Manchester Field Naturalists’
Society, is shown in the above Figs. 32, 33, It consists
of a long glass tube, A (about I inch in diameter, open at
both ends), which is fixed horizontally so as to project into
the open air and a glass tower, B, about 30 inches high and 1}
inches in diameter, open at the top and drawn out into a fine
Jet at the bottom, Two side tubes are fixed to the tower, one
near the bottom and the other on the opposite side near the
top. The tower is filled to within 1 inch of the upper side-
piece with glass beads, and into the open top a tap-funnel is
inserted through a tightly fitting cork. The lower side tube is
attached to the horizontal tube; the upper one, by means of a
wide indiarubber tubing, to a combined meter and aspirator, C.
This is an ordinary wet meter converted into an aspirator by
attaching toothed wheels to the revolving drum, and driving
the wheels by means of a wire cord passing over a pulley and
carrying a weight. A series of dials register the volume to
riobh of a cubie foot. The method of conducting the experiment
is as follows : About 250 c.c. of a solution of hydrogen peroxide
in water containing about 1 mgrm. of active oxygen in each
c.c. 18 poured into the tap-funnel, from which it is allowed to
drop on to the glass beads at the rate of about 1 drop a second.
The liquid passes down and out at the constricted end of the
tube and falls into a flask placed below. A drop of liquid
permanently fills the jet and seals it effectually from the
entrance of air from the interior of the room. After running
through, the liquid is poured back into the funnel and passed
through again. The weight being wound up, the volume
indicated on the dial is read off and the drum set in motion.
With a column of beads of about 20 ins. and a weight of 20 1bs.,
20 cubic feet can be aspirated in an hour. Once started the
apparatus needs no further supervision until either the weight
has reached the ground or the solution of hydrogen peroxide
has run out of the funnel. The period required for this is
readily determined, so that no time is lost in looking after the
apparatus.

The following tables contain the results of numerous obser-
vations of the sulphurous acid in the air. The first gives the
average amount of sulphurous acid in Manchester air during

¥
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four months of 1892, and the second the amount in the out-

skirts and centre of the town.

.‘;'u.i"!u}u.lj'rj-rm Acid in Manchester Air.

Milligrams of S0, per 100 cubic feek.

Maonth. Minimnm. Maximum, Average,
SBeptember . . . . 07 TH ] 1-2
Cokaber o & 5 G 07 G0 2-4
Movember . . . . a-0 12-0 6G-8
December . . . . 30 $0-0 G-10

Milligrame of SO, per 100 cubic feeb.

Ihate. Outekirts. Cenbra.
September > . . . . . . -7 1-8
October 14 e L oo R 35
Novembar & 1-7 449

10 &b 441

5 13 88 TG

o i 20 50

g 2-9 R

- 22 Tog 44 a7

i 27 Fog a3 15-7
December 17 . . 23 9-2

o 21 Fog 165 32-2

Y 23 Tog 197 226

= 98 Fog 18- 258

Thus we see that both carbonie acid and sulphurous acid, as
might be anticipated, rapidly increase during fog. That the
amount of soob increases pari passu scarcely requires proof.
The condition of one’s face and clothes and household fabries
during dense fog, and the black, slimy deposit which is seen to
cover the ground after the air has cleared, are sufficient evidence
of this accumulation. An attempt to estimate this deposit by
collecting it on glass plates was frustrated by the fortunate
absence of fogs in Leeds since October, 1909, when the plate
experiments were in progress (see p. 17).

On January 27, 1909, there was, however, a densze fog,
accompanied by a heavy deposit of hoar frost. A large amount
of the latter was collected in the neighbourhood of station 9,
melted, and analysed. To compare the amount of impurity
with that of normal rain, the average composition of rain of the
year, which fell at the same station, is given in the following
table :—
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Rain and Hoar Frost al Station 5 ( Headingley).

*arts per million,

- Bulphur Hitrogen
' [ g —
=2 i g | &4 a3 2 4 | . a8 o
o= a C - | - i = -1 L] :
g = k. =] [ 20. | an, | Total. | = Wi | wop | albomi-
= = |l e R = Hs. | NaOge | i,

| |
Avorage) |

= - (i ¢ e | oo Tk sl . -4 0
ah Jf 115 | 15| 28 ; 197 23| 57| 8749 73| 1-98 | 0196 | 0-434
"‘;_j}r"mt bl 4620 (158 67 | 1029 148 410 189 946 857 | 00 | 1-618

The hoar frost contained forty times as much soot as the
average rain, and one hundred times the acidity. The photo-
graph (Fig. 34) gives the appearance of (I) rain-water, (I1)
melted snow before the fog set in, (IIT) melted snow after the
fog dispersed.

Fic. 34 —Appearance of (1) rain-water, (11 melted snow before fog,
and (LI} after fog.

There is another record of some interest which may be
quoted here. “During the last fortnight in February, 1891,
the previously washed roofs of the glass-houses at Chelsea and
Kew, the former just within and the latter just outside London,
recelved a deposit from the fog amounting to 6 tons to the
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square mile,” ! or eight times the average daily deposif in Leeds.
This soot had the following composition :—

Subetance. | Chielaes, | Kaw,
1 |
| Par comt. | I"er comt.
Cathom . . . : 290 425
Hydrocarbons . : 12-3 4-8
Organic basos : 2-0 [
Sulphuric aocid A : 48 40
Hydrochloric acid . 1-4 03
Ammonis . 1-4 1'1
Mineral matter 3 888 415
Water (by difference) . . a8 53

Even in a country district like Garforth, which is subject to
some atmospheric contamination from a neighbouring colliery
as well as from the more distant smoke of Leeds, a considerable
increase in the impurities occurs in time of fog. The following
statistics have been selected from the analyses of Garforth rain
during the winter of 1908-1909 on dates when fogs occurred,
and for comparison the average impurities for the two years
1907-1909 are given on the last line of the table.

Influence of Fog—Analysis of Garforth Rain.

Parts per million,

| Mitrogen 5
| A I||I1j-'
Date. | Total. cl 801, = s
e EERSs as gll- ) Has0,.
as NHy. las N0 1o o F-ah
1=,
Oet. 21 2462 0 | 0-865 | 3827 33 | 17-18 T-T9 | 15-80
Waw. 8214 (4] 0276 | 3490 f14 1047 Gefid 747
e, 4-178 (1] 1-286 | b-d14 | 11-12 | 29-08 Ge6d | A1-3T
Dec, 2472 0 0-086 | 2-563 o88 | 16-26 00 11-16
|
1903, |
Jan, . . . | 1186 | Oe528 | 0836 | 2-E50 | 215 | 10066 468 4-40)

Average 1907-09 | 1110 [ 088 | 024 | 167 | 838 | 1143 | 348 | 849

Dr. Russell* has estimated the solid organic impurities in

! Hon, B. Bussell, London Fog and Smoke.
2 # On the Impurities in London Alr" The Monthly Weatler Report of the
Meterological Office for August, 1835,
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the air during fine, dull, and fogey weather in 1883 to 1885,
and, although no experiments were made in dense fog, the
results are sufficiently suggestive, the averaze amount in 1000
cubic feet of air being as follows : —

Giramms per 1000 coblc

et of air.
Fmnaweather - . o o o . 0-0AS
Dull - e e 0:01038
Foggy |, B R e e e 0rCidd

from which it is seen that with only slight fog the amount of soot
increases seven times, If the ratio increases with that of the other
products of ecombustion (carbonic and sulphurous acid), it would
be four times as compared with the carbonic acid and fourteen
times as compared with the sulphurous acid. It must be remem-
bered, however, that these two products are gaseous and there-
fore diffuse, and moreover that the sulphurous acid is much more
soluble in water than the carbonic aecid, which will explain the
larger increase of the former. That the increase in the amount
of soot must necessarily be much greater than that of the sul-
phurous acid follows from the fact that being solid it cannot
escape by diffusion. There is one other point to be considered.
If we assume dust particles to form the solid nuclens upon
which the moisture is precipitated, then it might be supposed,
from the denseness of fog depending upon the number of these
particles, that the fog must be thicker in the town than in the
country. The very large number of these particles distributed
everywhere, even over the sea, is, however, more than sufficient
to produce the densest fog, and according to the Hon. Rollo
tussell,! the dense fogs of towns cannot be aseribed to this
cause. DBut each particle of water floating as fog becomes
coated with a film of sooty tar, Evaporation is thus retarded,
and a fog once formed is liable to persist longer than if these
particles were composed of pure water. The black surface of
each particle of water will lose heat more quickly than a
correspondingly clean particle, and also help to retard its
dispersion. Whether, as sometimes alleged, smoke may actually
originate, as well as aggravate, a fog is still an open question ;
but the evidence seems on the whole to be opposed to this idea.®

! London Iog and Smoke, Londen: P. 5. King & Son. 1905,
* Dr. W. N. Shaw, Address on Fog, Coal Smoke Abatement Confersnce
1905,
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The blackening of silver and copper articles, which is so
noticeable during foggy weather in town, is due to a thin film
of the black sulphide of the two metals; but is not produced
by either sulphurous or sulphuric acid. It may, however, be
caused by sulphur disseminated as sulphide in the soot, or by
hydrogen sulphide contained in the products of combustion of
coal. In order to ascertain the amount of sulphur in soot, we
have estimated the quantity in the various samples referred to
on p. 7 with the following results :—

I":’*i"n'-f'.'r.frl-",rr' rJ_.l'" _‘Q.'H,Pj,.,ﬁ.g.g;- in Soot.

Base of Top of
Sonuree of sample, chimney, chimney,
oot from brass foundey . e p-g 4865
North Grange IMount, study flue e 2-82 ——
. Eitehen . : 1-46 —_—
The 10 niv ersity, fireplace . . . 2-99 -
hodlar, e 0 G G 76 2-84
W m*‘stﬂn Giardens, dining-room . . 218 2-45
s ]'ul[.'.\t:ll..hl" - a s EE[] =

THE DISPERSAL OF S00OT

It would be an interesting point to discover to what extent
outlying districts participate in the atmospheric contamination
produced in an industrial centre. It is an easy matter to detect
the presence of soot at a distance of many miles from its origin,
though the quantity falls away rapidly, and it will probably
only be the finest particles which travel any distance. That
such particles may travel as much as 60 miles is proved by
the deposition of salt crystals observed by one of us in the
neighbourhood of Leeds after a strong south-westerly gale.
These salt crystals eould only have been deposited from spray
blown across from the Irish Channel. But there is another
way in which soot is conveyed long distances, namely, by rain-
clouds traversing an industrial area and absorbing, like fog, the
solid and gaseous products of combustion. Where the cloud
discharges a very visible fall of soot occurs. This phenomenon
is not b'l.' any means uncommon, In the Lake District such
delmhltfs hluuf?ht down by rain are frequently observed. A
rain cloud charged with soot, when it breaks above a sheet
of water, produces a characteristic chequered appearance on
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the surface, which is due to the tarry matter spreading out
into patches. When the rain ceases these black greasy patches
are blown shorewards and form a fringe of black scum (Fig. 35).
An examination of this scum clearly reveals its origin. The

Fig. 35.—Dlack fringe of soot on Coniston Lake; Lake District.

SAMG t_hi]]!_.'r' has been noticed on snow on the hills of the district,
especially when on the melting of the snow the black particles
colleet, leaving dark patches of soot on the grass. Putting the
facts together, it may safely be inferred that nowhere, at least
in the north of England, is the country free from atmospheric
contamination from smoke.
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The Influence of Coal-smoke upon Health

By Dr. Ascrer, District Mepican Orricer For Haan,
WEsTPHALIA.

Ox account of the low death-rate from tuberculosis amongst
coal-miners it was believed that coal-dust, smoke, and soot were
beneficial to health. The following Table I. shows that this view
i3 incorrect :

Fifty-fifth Annual Report of the Registrar-General of the United

Kingdon.
TarLE I.
Dieath rate per 10,000,
1 NT
Labourers in agricultural distriets . 13-8 ' 186
Conl-mwidnersf], . . . o owooe o 140 826
Chimmey sweeps and soot merchants 371 431
Goalheavers=""". . .. o o+ = .. & 257 656

T = death rate from tuberculosis.
NT = death rate from lung diseases which are non-tubercular.

Whilst the death-rate from tubereulosis is only small amongst
coal-miners, it is not so among others working in coal-dust, smoke,
and soot. The reason is that coal-miners are a hardy race, living
in good social conditions. More important is the fact that the
death-rate from non-tubercular lung diseases is higher than among
workmen living in the country. The same is the case in
Germany.
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Tasre IL

I Ml
I o m— o
Workmen in Prussia, 15-60 years . . 235 | 16:5
Coal-miners in the Buhr district . . . 181 | 38-2

Here again the low death-rate from tuberculosis among the
coal-miners is due to the fact that they are very robust and earn
high wages. The high death-rate from non-tubercular lung
disease is again very striking. Aeccording to Russell the following
number of persons per 100,000 died in and near Glasgow in
1880 :

Tarre III.

Contapions Latury i -
lﬁﬁ:'lll:l'ti lIi:iL';J.HE*!. |!::|Ei|:'\lﬂ_l-:i, Total,
Koral disteiets . . . . . . . 989 54 g9, 1689
{ ity of Glasgow % : 778 1024 1233 20629
Thinly populated 1=-J.rt. of L;laur:-::u'.'.
86 persons per acre . 450 GO0 870 1920
Densely populated parh L.'-I G J,aalfm'l. |
612 persons per acre . | R 1020 1860 1600 | 4480

The death-rate in different parts of Manchester per 100,000 for
the year ending the third quarter of 1891 was as follows :-

Tasie IV.

Comtagious Long Other

| dlzeazes, digeanes, diseases, Tatal.
Thinly populated part . . . . . 241 584 954 | 1929
Thickly . s (Ancoats) . .| 810 | 1544 1798 | B752

The death rate per 100,000 for the year ending the fourth
quarter of 1892 was

l."u'll.l;.'.g'inl,m Laung Ciibeir Total
diseases, discases, diseases, e
Thinly pepulated part e 175 429 D04 1508

Thickly ., w (Ancoats) . . 450 1166 LG didbl
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“ In the above (Tables III. and IV.) phthisis is included among
the ‘lung diseases’; otherwise the difference would have been
much greater."”

The higher death-rate from lung diseases in the more densely
inhabited parts of the town cannof, therefore, be ascribed to more
frequent contagion.

Still more marked is the confrast between acute lung diseases
and contagious diseases among those who are most subject to
them, namely, children under 1 year.

Tasre V.
158761901,

Death-rate per 1000 under ona year.

Bearlet fever, moasles, German

NT. measles, dipbtherla and cronp.
In zix rural districts of Prussia . . . 48 208
In six industrial distriets of Rhineland . 126 52

Table V. proves that the higher death-rate from non-tubercular
lung diseases in the Rhenish districts is not due to worse economieal
conditions or a more unfavourable elimate; for the six districts of
East Prussia (Fischausen, Konigsherg, Labiau, Goldap, Liyek, and
Oletzko) havea considerably poorer population than the six industrial
distriets of Rhineland (Miihlheim, Buhr, Essen, Diisseldorf, Crefeld,
Aachen, and Baarbriicken). The former have also a longer and
harder winter, and a climate subject to great variations of tem-
perature, whilst the six Rhenish districts have a mild and even
temperature. Again, in the administrative area of Arnsberg, in
Prussia, where there are large industrial centres, the following
comparison has been made :

TarLe VI.
]Hi.!'s--]'.JL.'T. E.}:'l"-'.f.'lf rile i’.l-".l" ]”,[J“U.
Non-industrial area, Industrial area.
NT. T, NT. : T
Amsberg . . 28-19 Dortmond . . 9688 14-99
Mescheds . . 26599 Bochnm . . 580 15398
Brilem ., . . 24-50 Gelsenkirchen . 3735 1520

The three industrial districts ave wealthier, and therefore have
a lower death-rate from tuberculosis, but they also have & smokier




APPENDIX A 75

atmosphere, and therefore a higher death-rate from non-tubercular
lung diseases.

Finally, we will compare two equally large towns which are
situated at no great distance from one another in the industrial
district of Westphalia, which are built in the same style, and

f differ only in the amount of coal-smoke in the air, namely, Hamm

| and Gelsenkirchen. Hamm, being situated on the east fringe,

k receives coal-smoke only from the west ; Gelsenkirchen, being in
the centre, has an atmosphere constantly charged with smoke.

TarLr VIL
1900-1902. Death-rate per 10,000,

Classified aceording Harmm (east border), Gelsenkirelien [centre),
to age, 32,435 pop. 47,834 pop.
306 T 674 N'T,
0-1 yoars . . . . 228-0 2580
]- 'ﬁ B . . F 3 l-h:"i--.l- 1-‘31'1
o=10 .. M liae = 65 17
i 10-156 ,, Wi W g 1-5 26
| 15-60 A 10-T b
B0 and over . . ., . 140-4 2102

We see from this table that coal-smoke increases the death-
rate from acute non-tubereular lung diseases in all stages of life.
This is also the reason why the death-rate {from such diseases is
higher in Rhenish Westphalia and in Upper Silesia, as seen from
| the following Table VIII.

' TapLr VIIL.
190515809,
Desth-rata
per 10,060,
Death-rate from acute lung disesses in all German towns
with 15,000 population or more. 240
In equally large towns of Rhenish W -.»-Lphalu:n industrial
area . L o a0
In the industrial districts of U pluzl '-q esia . e e BEeD

A similar result is found in England if the urban and rural
districts are compared.
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Tapre IX.

Urban Registration Counties, tural Registration Counties.
[eath-rate Dreath-rate
T 10,000, e 10,604,
Glamorgan . . . . 27 1908-D4 Juckingham . . . 16 1902-04
Lancagber . . . . 29 1902-04 | Cambridgs . . . . 19 4
London . . . .y s Cornwall A L || 25
Middlesex . . . 19 = Hereford. . . 18
Monmouth . e o Huntingden . . . 18 S
Northumberland . . 25 i Tdageln o 0 o Go = 19 i
Nottingham . A - North Wales . - 5
Stafford . . . . 26 & Morfolk . . . . 19 £
Warwick, . . B3 = Oxford . . o LT L
Fast Riding . . a4 : wntland . g e L i
West Riding . <20 z Somersetshive )
Westmoreland .
Average . . . 263 suflolk . . EeL b e
Wilts, . . ook o
175

Taking the results of Tables I. to IX., there can be little doubt
that eoal-dust, smoke, and soof increase the death-rate from acute
lung diseases.
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Analyses and Manurial Value of Soot

Ter dried sample of soot was first extracted with ether in a
Soxhlet extractor, the ether soluble material being looked upon
as tar,

Carbon and hydrogen were then estimated in the ether in-
soluble residue by fthe ordinary combustion method, taking the
precautions necessary for substances containing nitrogen, halo-
gens,' and sulphur,

The incombustible matter left over from this operation was
regarded as ash.

Nitrogen was determined in the dry sample by the Kjeldahl-
Gunning method.

In the estimation of sulphur, the original dry soot was fused
in & platinum crueible, over asbestos, with its own weight of pure
caleined magnesia, and half its weight of dry sodium earbonate.
When the organic mafter was completely burnt, the residue was
taken up with distilled water and hydrochloric acid, oxidised with
bromine water, and the sulphates, thus formed, precipitated from
the boiling solution with barium chloride in the ordinary way.

The acidity was determined by shaking with distilled water for
half an hour in a shaking machine, fillering under pressure, and
titrating the clear filrate against standard alkali, using congo red
as indicator.

Chlorine was estimated by extracting with water, as in the
case of “acidity,” exactly neutralising with caustic soda, and
titrating against standard silver nitrate.

I Bee Qohen, Practical Organic Chemistry, pp. 10 and 11,
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APPENDIX B

Analyses of Domestic Soot from Winston Gardens.

Ilnglnnl
codl,
Carbon , T6-80
Hydrogen 4-00
Nitrogen 172
Ash . : 1-530
Tar (E Ltrrrntl nt} 0-88
Sulphur 0-79
Chlorine 0-25
Acidity 00

Arsenic (see p. 59)

Apparent density .
Mo.of 1bs. per bushel
Value per bushel .
Yaluoe per ton .

.-hrf:F!..'.-:r.s of Domestic Soot from

Carbon

Hydrogen .
Nitrogen

Ash

Tar-.

Snlphur

Chlorine

Acidity ;
Arsenic (zee p. w]

Apparent density.
No. of 1bs. per bushel
Value per bushel .
Valua por ton .

| 135 | 901

e —
| Dining-roem.

1 - |
15-20 ft. | 20-25 fi. | 25-30 1,

3627
6T

Hll:l.'llr'l:l - ——————————————
At | | |
0-5 ft. | 5-10 ft. | LO0-15 f1.
R e
02:84 8645 (3513 8558 (8414 (34BD
468 351 348 | 359 347 372
4:11 689 | T-07 o048 | 64 B0

1T-80 | 500 | 552 | 416 | 497 | 445
1246 (34-87 (3811 (3401 872 (3817
aa0 | 218 | 307 | 248 | 256 | 264
T87 |B48 | 641 | 553
028 |u'u [ 092 | 065 | OBS | O-TO

Manurial Value of Soot.

O-2T48 O-2048) lnl'i'J
a8 | 161 | 15
LT T B, | G4

| £3 1

1964 IJ?I.'JLI- Lriad

J;.f.l Td. E?%-'-:

?
£33 0083 17 04 Jtru 15 I.'fllfJ- 7 tults

| Original coal, Kilcleen A,

Ty 4501
523 2-18
135 3
210 2734
(154 10=520
LLG ) 146
(-37 464
00 0-0

Manurial Value of Soot.

03265
ok,
£l 4 &5

546
4-86
4084
522
&OT
0-68

30-35 1.

318 0242580 02865

: 154 194 1‘:-1 194

bid.

23
Tl

6E5 1 0E2160

Study Aue.

4715
485
557

2022

1568
239
646
0-50

(r2368

I':u}--l’.,iI
rl:l a5

North Grange Mount, Headingley.
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Analyses of Soot from University.

[ | Botler soot.
Origloal | Domseatls | S
ceal. | =oot.
Biaso, 13 fi. up. | 0 ft. up. | Top,

[
Carbon SRR B R B DL 1624 ! 1666 | 2180 I 2700
Hydrogen . . . . . 4-89 437 871 (86 1-44 1-68
Nitrogem . . . . 1-39 4109 023 000 1-18 1-09
Ash. . . . . . .| &48 |1818 | 787 | 7504 G604 | 61-80
Tar . R e [P ER e 0109 025 "B0 114
Salphae o & o | 1-7d 2-99 76 | 207 2-58 2-84
Chloxine . - . ., .| 027 519 0411 | 075 146 160
Acidity 3 e 00 089 1'62 104 058 | 047
Arsenic (soe p. 'a-.: | [ |

Manurial Value -_':.f‘ Sootf,

Apparent density . 0840 | 0447 | 0467 | 0486 | 0-438
Wo. of 1bs. per bushel . 270 a5 & 374 849 248
Value per bushel . . . Hid, : ,-!, 0, 21d. Shd,
Yalusperton, . . . £3 6 0| 23. 6d nil | 18s. 2d. | 125, 24,

Analyses of Sool from Drass Foundry in Leeds. Liguid fuel wsed.

Hase, Tap.
it e T 11-36 4771
Hydrogen . . T, 1-08 2+85
Mibrogem . . . o . . . 0-11 a5
T P e ARt £ T 16 31-42
L AT S S R L 102 ]I] G2
Bulphax' = . .. . L . . 23 {- 36
Chlarine . b : 0-28 1 lr
Acidity . . e 000 0

Manurial Value of Sool.

Apparent demsity . . . . 07915 05017

‘NL:- of 1bs. per bushel . ; G688 {101

Value per bushel . . . . Al Sl

Yalue par ton . . S 15, 3d. £1 5 11
Aftention has been called on p. 4 to the great outstanding

differences in the composition of domestic and boiler soots, these
differences being due prineipally to differences both in temperature
and in draught. Thus, a boiler soot is characterised by the high
percentage of mineral matter it contains, and by the smallness of
its content of combustible matter, i.e. carbon and hydrogen, and
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volatile products, i.e. tar, ammonium chloride, and ammonium
sulphate. Domestic soots, on the other hand, are rich in volatile
and combustible matter, and poor in ash or mineral matter. It 1s
interesting, foo, to note in the ease of boiler scots, that further
up the chimney where the temperature is naturally lower we get
a striking increase in the percentage of carbon, tar, and ammonium
chloride, and a corresponding decrease in the percentage of ash.
In the case of domestic soots, however, the differences in composi-
tion as we get further from the source of combustion are not so
striking and not always in the same direction as those observed in
the case of boiler soots. Thus, while there is a slight tendency
for the percentage of tar to inerease and the percentage of ash to
decrease, the amount of an easily condensible volatile product
like ammonium chloride apparently reaches ifs maximum aboub
ten feet from the base of the chimney, and then steadily decreases.’

As a manure, soot is valuable principally on account of the
nitrogen it contains, this nitrogen being present almost entirely
in the form of ammonium chloride or ammonium sulphate, As
nitrogen in this form is worth commercially about 12s. a unit
or 6d4. a pound, and as the nifrogen content of soot may vary
from 0 to T per cent., it naturally follows that the commercial
value of soot as a fertiliser will vary from nothing to £4 per ton.
As most soot is disposed of locally at from £2 10s. to £3 per ton,
and as no guarantees can be obtained as fo its composition, the
purchaser may or may not be gebting value for his money.
Fortunately, however, some indication of the value of soof as a
fertiliser can be obtained from its density, and the lighter the soot
the higher as a rule will be its nitrogen content and the greater its
commercial value. A bushel of domestic soot will, as a rule
contain 1 1b. of nitrogen, and approximate in value to aboubt 6. ;
it 1s, therefore, advisable to buy by the bushel rather than by the
ton. Further, no genuine domestic soot should weigh more than
1 quarter fo the bushel, and any sample weighing more than
28 lbs. to the bushel may be looked upon as being a boiler soot
possessing little or no fertilising value.

! Cohen and Ruston, Jowrn. Soc. Chem. Ind., 1911,




APPENDIX (
Analyses of Leeds Rain-water’

Frou October, 1906, to the end of 1909 samples of rain falling on
the Manor Farm, Garforth (Experimental Farm of the University
of Leeds and Yorkshire Council for Agricultural Education), wera
periodically colleeted and analysed. The farm is situated some
six miles due east of the city of Leeds. The prevailing winds are
westerly, and henee convey much of the impurity of the Leeds
atmosphere over the farm.

The outstanding feature of these Garforth results is the rela-
tively high amount of each of the different impurities estimated.

Thus, the total number of pounds per acre? at Garforth is 9-8,
a8 compared with 3-8 the average at Rothamsted ; the averags
precipitation of sulphur was equivalent to 98 pounds of SO, at
Garforth, as compared with 17 pounds at Rothamsted., The
average yearly precipitation of chlorine was 21 pounds as eom-
pared with 'the Rothamsted average of 15 pounds, while the
impure nature of the Garforth atmosphere is strikingly illustrated
by the fact that free acid equivalent fo no less than 20 pounds of
sulphuric acid is yearly brought down by the rain.

Other points of interest are—

(#) The amount of nitrogen brought down in the course of the
year is largely determined by the amount of the rain. This is
clearly evident in the data given below :—

Nitrogen (as nmmonia +

Yeuar, Rainfall in inches, nitric acld}.
1807 271 8-45 1bs, per acre
1908 227 4G, "
1905 285 948

This is also shown by the fact that while the amount of nitrogen
actually present in the rain, and expressed in parts per million, is
fairly uniform during the summer and winter months, the total

! Orowther and Ruston, Journal of Agricultural Science, vol. iv.

* To convert pounds per acre into tons per square mile, multiply by 2,7,

[}
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amount expressed in pounds per acre is greater during the summer
months owing to the heavier rainfall,

(#) The winter rain, as at Rothamsted, was decidedly richer in
chlorine than that falling during the summer months.

(¢) The winter rainfall was more than twice as acid as the
summer rainfall, the proportion being nofably high in the months
of December and January.

(d) Light rains were proportionately more conecentrated than
heavy rain.

(¢) The impurities in the rain are to a large extent influenced
by the ]Jru‘.':l,i]i-ng winds, rain falling when the wind is blowing
from a westerly direction over Leeds being much more impure
than that accompanying a north or north-east wind, which would
blow over a purely agrieultural distriet, e.g.—

Parts per million.
Wind. Total M.

—

Cl. Sy, Acldity.
Oet. 1-2 1008 . . W. 01T 0B85 1:59 (-465
Oct, 81906 ., . HN. Or(419 035 1-12 03560

(f) Notwithstanding these variations, the total amount of these
impurities brought down yearly, when expressed as pounds per
acre, give a fairly constant figure, tho largest variation being found
in the amount of free acid deposited.

The amounts of chlorine (present as chlorides) found in the
yearly rainfall ranged from 27-9 tons per square mile at station 9
to 565 tons at station 2. Throughout the semi-industrial and
non-industrial area the amount was not more than about 14 tons
per square mile, with the exeeption of station 6, where the total
reached 31 tons. This high figure finds an explanation in the salt-
glazing process carried on at a neighbouring fireclay works, The
excessive amount of this impurity in all the rain-water 1s largely
due to smoke pollution, coal containing roughly 0-3 per cent. of
chlorine, and soot somefimes containing as much as 9 per cent. of
this substance.'

L See Appendix B., p. 78
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APPENDIX D
The Soot-fall of London

OssERvaTIONS on the soob-fall of London, made by Drs, H. A, des
Veeux and J. B, Owens, appeared in the Lwncet for January 6,
1913, but were unfortunately too labte for insertion in their proper
place in this volume. As they areof considerable interest, we have
made an abstract of the prineipal results.

The method which they adopted was to collect rain-water, as
we have done, but instead of a 12.inch funnel inserted into a
bottle they used what they term a sool-gauge or large rectangular
hopper of 4 square feet area connected with a capacious bottle.
The contents of each bottle were analysed at intervals of about a
month. Four stations were selected for the experiments, three
in London, namely, A, Buckingham Gate, 5.W.; B, Horseferry
Road, B.W.; and C, Old Street, City; and a fourth, D, on the
border of the metropolitan area at Sutton, Surrey.

The experiments lasted over a year, from June, 1910, to June,
1911, The I'rj]lu'-.'..'i“f_: table ;_’[u'-. the total -:][:i_]l;]-;ii. Uf LE!L: ‘».'.-1!']'13115
ingredients for the year at the four stations :

Annual Deposit in London Rain, 1910-1911.

Rain I.]I!']I'.l-::!i!l [nsoluble. Dissolved| Sulphate |Ammoenis

Lag. 6 | g £1. g, | Leeob) | selids, . BOg | B Ha.

litres | grams. | grams | ‘grams | grams | groms
A. Buckingham Gate, 5.W. 201 T1°98 | 46-33 | 25-65 G0l (L
B. Horseferry Road, 3.3, 193 G084 | 3349 | 2685 494 o134
. 0ld Street, B.0. . . 163 | 9281 | 6092 | 81-B9 | 10-0d 704
D' Sutton, Surrey A 210 2789 8380 | 19-53 089 084

! The November sample was lost, so0 that the record for Sutton is for
11 months.
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Annual Deposit in London Rain, 1910-1911—continued.

Insoluble Tetal | Total

| Chlorine Lime Ser'my, || deponit par | deooalt o

1 L | Ca0. ]!|1.'|ri;l"f.E Esqaf‘lf::lilﬁ i I;I] F.'ll:‘lq-:u:l.

[ mrams Brams tons tong tons
A. Buckingham Gate, S.W. 570 0-87 320 500 58,500
B. Horzeferry Road, S.W. 40K 0G0 258 420 | 49,140
C. Old Street, E.C, ek 105 1-26 426 Ga0 76,060
D Button, Burrey . . . 216 =29 158 195 -

The authors found that in the City the maximum deposit
oceurred in Oectober-November during local fogs; the maximum
in the 8. W. district fell in July-September ; but it contained lsaves.
Without leaves it was the same as in the City. The minimum
total deposit in the City was in September-October. The greatest
amount of insoluble deposit (soot) fell in the City during October
and on days when fogs were prevalent; the smallest in September—
October. The maximum in the S.W, district was January-
February, and the minimum September—-October. In Sutton, the
maximum was in the summer months and the minimum in
January-February.

It is an interesting fact that London rajn is scarcely ever acid,
which the authors aseribe to the absence of foundries and chemieal
works. They sum up for the year the quantities of the different
ingredients carried down by rain for the whole of London, taking
the City as the basis, as follows: of the 76,050 tons total deposit
which fell on the 117 square miles of the London area 6000 tons
\Were present as ammonia, 8000 tons were present as sulphate,
and 3000 tons as chlorides. If the 8.W. netropolitan station is
taken as the basis, the quantities will be 53,820 tons total deposit,
4000 tons of ammonia, 5000 tons of sulphate, and 4000 tons of
chlorine in chlorides,

A comparison of the above figures with our own given on
p. 83 shows on the whale a very satisfactory agreement. The
annual soot deposit from Leeds rain varies from 539 tons per
square mile to 25 tons; in London, from 426 tons to 158 tons, the
mean for the Leeds area being 220 tons, that of the Liondon area
260 tons, per square mile. The amount of sulphurie acid in the
City area was about 69 tons per square mile, whilst in Leeds the

' The November sample was lost, so that the record for Sutton is for
11 months.
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average for the four city stations was 65 tons per square mile. In
the case of ammonia, 51 tons were deposited in the London City
area, but only 4 tons in the Leeds city area. On the other hand,
the chlorine in the chlorides was 26 tons in the London City area
against 38 tons in Leeds city area. The chiel diserepaney is in
the quantity of ammonia, which in London far exceeds that of
Leeds, and incidentally explains the absence of free aeid In
London rain.
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Mr. Edward Arnold’s List of
Technical & Scientific Publications

Extract from the LIVERPOOL POST of Dec, 4, 1907

“ During recent years Mr. Edward Arnold has placed in the hands of
engineers and others interested in applied science a large number of volumes
which, independently altogether of their intrinsic merits as scientific w orks,
are very fine examples of the printers' and engravers' art and from their
appearance alone would be an ornament to any scientific student's library.
Fortunately for the purchaser, the publisher has shown a wise discrimination
in the technical books he has added to his list, with the result that the
contents of the volumes are almost without exception as worthy of perusal
and study as their appearance is attractive,'

The Dynamical Theory of Sound. By Horace
Laws, D.Se., LL.D., F.R.S., Professor of Mathematics in the Victoria
University of Manchester. viii + 304 pages, 86 Illustrations. Demy Evo.,

125. 6. net (inland postage sd.).

An Introduction to the Theory of Optics. By
ArTHUR ScHUSTER, Ph.DD., Se.D., F.R.5., Honorary Professor of Physics
at the University of Manchester, Second Edition (Revised). xvi4352
pages. Demy 8vo., 15s. net (inland postage sd.).

The Becquerel Rays and the Properties of
Radium. By the Hon, R. ]. SrrRurT, F.R.5., Fellow of Trinity College.
Cambridge ; Professor of Physics at the Imperial College of Science and
Technology. Second Edition (Revised and Enlarged). wvi+215 pages,
Demy &vo., 8s. 6d. net (inland postage =d.).

Physical Determinations. Laboratory Instruc-

tions for the Determination of Physical Quantities. By W. R. KeLsey,
B.Sc., Principal of Taunton Technical Institute. Second Edition,
xii+ 320 pages. Crown Bvo., 48, 6d,

Advanced Examples in Physics. By A. O.
ALLEN, M.A., B.Sc., Assistant Lecturer in Physies at Leeds University.
With Answers. Second Edition (Revised and Enlarged), with additional
examples, Crown 8vo., 25 (inland postage 5d.).

Notes on Practical Physics. By A. H. Fison,
D.Sc., Lecturer in Physics at the Medical Schools of Guy's Hospital
and London Hospital. Crown 8vo., 3s. 6d.

Five-Figure Tables of Mathematical Functions.
By J. B. Dare, M.A., Assistant Professor of Mathematics, King’s College,
London, Demy 8vo., 35. 6d. net,

LONDON: EDWARD ARNOLD, 41 & 43 MADDOX STREET, W.
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My. Edward Awrnold’s List of

Logarithmic and Trigonometric Tables (To
Five Places of Decimals). By J. B. Dacg, M. A, 25 net,

Mathematical Drawing. Including the Graphic
Solution of Equations. By G. M. Mixcuin, MA,, F RS, Formerly
Professor of Applied Mathematics at the Royal Indian Engineering
College, Cooper's Hill; and ]J. B. DaLe, M.A. 75 G6d. net (inland
postage 4d.).

Graphs and Imaginaries By
B.A. and F. Kertie, B.A, Crown Svo, 15 6

Hﬂm{]genaﬂua Co-ordinates. By W. P. MiLyg,

M.A D, Sc., Mathematical Master, Clifton College, Crown 8vo,, 55, net,

An Intmduntmn to Projective Geometry. By
L. M. G. Firox, M.A,, F.R.S., Assistant Professor of Mathematics,
University [',-L:IIL:_'_:-_', London. Crown Bvo., 75, 6d.

Vectors and Rotors (with Applications). By
O, Hexrict, Ph.D),, F.E.S., LL.ID., and G. C. Tuexner, B.Se. a5, 6d.

(. HaMILTON,

u-dl e, d
s

The Strength and Elasticity of Structural
Members. By K. J. Woobps, M.E,, M.Inst.C.E., Fellow and formerly
Assistant Professor of Engineering, Royal Indian Engineering College,
Cooper’s Hill. Second Edition. xii+ 310 pages. Demy 3vo., cloth,
105, Gd. net (inland postage 4d. ).

BY THE SAME AUTHOR.

The Theory of Structures. xii + 276 pages.

Demy 8vo., 1os. 6d. net (inland postage 4d.).

The Calculus for Engineers. DBy Joun PERRY,
M.E., InSe., F.R.S., Professor of Mechanics and Mathematics in the
Royal College of Science. Tenth Impression. Crown 8vo., 75. 0d.

Oblique and Isometric PTDJCCtlDﬂ By Joux

‘-."..r'.'.:q.-:;, Lecturer on Me schanical Engineer and Instructor of Manual
Traimning Cl: for Teachers for Ay '|I-: County Committee. 35 6d.

The Balanuntr of Engmea. :j-' "."l.'. E. DaLby,
M.A.. B.Sc., M.In *-\.t C.E., MILME., Professor of Engineering, City and
Guilds (En _:l eering) College,  Second Editiom.  xii<- 283 pages.
Demy 8vo., 105 6d. net {inland postage 4d.).

Valves and Valve Gear Mechanisms. By
W. E. Datey, M.A.,, B.8¢c., M.Inst.C.E., M.I.M.E. =xviii+ 3006 pages.
Royal 8vo., 215, net (inland postage 5d.).

Machine Sketches and Designs for Engineering
Students. By A. Cruicksmank, AM. l Mech.E., and R. F. McKay,
M.5Sc. I'l-::my'.|[r:., 15. 6.




Lechnical and Scientific Publications 3

Steam Turbine Design. With especial reference

to the Keaction l_\.p-. and including chapters an Condenszers and

Propeller Design, Joux Moprow, M.Sc.. DLE ng., Lecturer on
Engimeering at Arr 1[':“‘,1L-.r|.|: e, Meweastle.on. Jh-ui viii 4+ 472 pages.
Demy Svo. [Now Ready.

Hydraulics. For Engineers and anrmeermfr
Students. By F, C. LEa, M.Sc,, A M Inst.C.E.. Senior Whit '-.1.-.’:-*t|
Scholar, A R.C.S.: Lecturer in ."-I_I_'l]u. Ty ".Iq_,(_||f|.11.x s and Engineering
Design, City and Guilds (Engine ering) College, London, Second Edition
%1l + 536 pages. 158 net (inland postage 5.},

Hydraulics. 'y  RavyMmowp Busouer, Professeur
i '|I"L'-n't Indust i*l‘“ :'{: Lyon. Translated by A. H. Praxe. M.A
viii+ 312 pages. Demy 8vo., s, 6d. net (inland postage sd.).

The Pmttmal Demun of Motor Cars. By JamEs
GunN, lately Lecturer on Motor-Car E ngineering at the Glasgpow and
West of Scotland 'i“u-v]‘.:nc_-ul ['-.*:il._-;-:. vill+ 256 pages. Demy 8vo,

1os. 6d, net,

Power Gas Producers: their Design and
Application. By Puitir W, Roesox, sometime Vice-Principal of the
.'l.hm:-;i;J. School of Technology, Manchester, iv4 247 pages. Demy
dvo, 108, Gd. net (inland postage 4d.)

The Pounda'mns of Alternate Current Theory.
By C. V. Dryspare, D.Sc. (Lond.), M.LE.E. =i 300 pages. Demy
hm_, iz 6. _u.l (inland |m~LM,. 4. ).

Electrical Traction. By ErNEsT ‘-.1-"11..~cux, Whit.

"‘:\-L.] ML 1L |-.|"-._, |>!|'l"l|.l.'.-i-u-:_‘,'-l' of Electrical ||< nesring in the H'ie_-:]'l'l.U[]!i.

Laboratory 2's College, London: and Francis Lynart. B.A,, B.Sc.
Two xn'----q:c, sold separately, Vol [_ Nresct ".|2F-!"!'II; Vol IT., Alter-
nating Current. 155 net each (inland postage 5d. each),

A Text-Book of Electru,al hngmcenng By
Dr. A. TH« :l".’ ALEDR Tranzlated b W = W, f.i' H-:_.-‘.'.I 1'LJ =c l:'1|_'|:1-;'||'||'_'|
Edition, wviii+ 404 |_'| iges.  Roywal 8Bvo., 155, net (inland postage 6d.).

Alternating Currents, ‘A Text-Book for

Students of Eng:r‘eer*n[{ ]h C. G. Lame, M.A,, B.Se, AMLE.E,,

Clare College, Cambridge : Ascociate of the City and Guilds of
London Institnte. 333 pages. 108, Gd. net (inland postage =d. ),
EIectric and Magnctic Circuits. By Ernis H.
Crarrer, M.1.E, Head of the Electrical Engineer |'|x Department in
the Uni r~1a1u. C r_1|] ge. Sheffield.  viii+ 380 pages, Demy Svo., 108, 64,

net (inland postage s5d.).

Applied Electricity. A Text-Book of Electrical

Enginecring for **Second Year” Students. By ]. Parey Yorke
Head of the Physics and E ut ical Engineering De pariment at |||¢_
London Coun ty Council School of Engineering 1u1 ‘\HLH A tion, E‘c:}:hr
Second Edition.  xii+ 420 pages. Lmtu 73 6dl. (inland postage 4d.).
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Exercises in Electrical Engineering. By
T. MaTtiEr, F.E.5.. M.ILEE. Professor of Electrical Enginesring ;
and G. W. 0. Howg, M.5c., M.I.E.E,, Assistant Professor of Electrical
E Il;..i eering, City and Guilds (Engineering) College, South Kensington,
vill4 72 '['Irl.‘”l 5. 15, Od. net.

Physical Chemmlr}r its Bearing on Biology

and Medicine. By . C. PuiLie, MLA., Ph.D., B.Sc,, Assistant Professor
of Chemistry in the Imperial C ollege of Science and | Technolo gy Illus-

trated. 7s. 6d. net.

Lectures on Theeretical and thsical Chemis-

try. By Dr. ] H. Vax'T Horr, Professor -'*['i“n nistry at the University
of Berlin, Translated by E. A, i 1=|H o, D5
Part 1. {1:‘- 1AL DYNAMICS, 125 net.

Part II. CHEMicaL STATIcs. 8s, Gd. net,
Part I1I. ReraTions BETwEEN PROPERTIES AND COMPOSITION, 75, g,

net.
A Text-Book of Physical Chemistry. By R. A.
LenrErnT, D.Sc., Professor of Physics at the Transvaal Universily

College, ]:*_.]unm_n-.hu'” xii 4+ 308 pages. Crown 8vo., 7s. G6d. (inland
postage gd. ).
Drnamc Chemistry for Advanced Students.

By [rrn,,H B, Couex, Ph.D., B, 5S¢, FProfessor of Organic Chemistry in
the University of Leeds, and Associate of Owens C ollege, Manchester

viil + 632 pages. Demy 8vo., 215. net (inland postage 6d. ).
The Chemistry of the Diazo-Compounds. DBy
Joun CAxsELL Calx, 0. Sc |:'-|'I'II hester and Tibingen), }u tor of the

Publications of the Chemic al Socie ty. 170 pages. Demy 8vo., 105 6d.
net (inland postage 4d.)

The Chemical Synthﬁsis of Vital Pmducts and

the Inter-relations between Dre;mu Compounds. By Ka Mer
poca, E.R.S., V.E.C, '-‘,E'.].LZ.‘ lmlw or ut{h 'wtunln.i ity
and Guilds of London Technical L‘.rzlln-,-,-::, Finsbury ‘-. ol, I., =xwi+ 338

pages. Super royal \Hr,_! z1&. net (inland postage _=;.l1.j.

Organic Analysis: Qualitativa and Quantita-

tive. By H. T. Crakkg, B.5c., A.I.C., Lecturer in Stereo-Chemistry in
University College, [ ondon, With Introduction by FProfessor |. INORMAN
Corrig, Ph.D,, LL.D., F R.S. viii+ 264 pages. Crown 3vo,, 55 net,

Elcments of Inorganic Chemistry. By the late
W. A. SpexstonE, F.R.S., Lecturer on Chemistry at Clifton College.
New Edition (Enlarged and Eevised). xii+ 3554 pages. Crown &vo.,
45. bd.

A Course of Practical Chemistry. Being a

Revised Edition of “A Laboratory Companion for Use with
Shenstone's ‘Inorganic Chemistry.’” By the late W. A. SHEN-
sTone, F.R.S, xii+136 pages, Crown 8vo., cloth, 15, 6d.
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Inorganic Chemistry, Covering the Syllabus

of the London Matriculation Examination. By W. M, Hooron, M.A.
M.5c., Chief Chemistry Master at Repton School. Crown 8vo., 38, 6d.

Outlines of Inorganic Chemistry. With special
reference to its Historical Development. By E. B. Lupcasm, D.Se.,
Head of Chemical Department, Clifton College. With Introductory
Note by Professor Sir'W. Ramsay, K.C.B., F.R.5. Crown 3va,, 45. 6.

Outlines of Experimental Chemistry. By E. B.

LupLam, D.Sc., and H, Preston, Demy 8vo., 25,

A History of Chemistry. By Dr. Huco Baukg,
[toyal Technical Institute, Stuttgart. Translated by R. V. STaNFoRD,
B.Sec. (Lond.). Crown Svo., 33 6d. net (inland postage 44d. ).

Physical Chemistry for Beginners. By Dr. Cu.
M. Vax DevexTER. With a Preface by Dr, Vax 'T Horr. Translated
by B. A, Lenrerpt, D.Sc. xvi+ 146 pages, with Diagrams and Tables,
Crown Svo,, cloth, =5, 6d,

Experimental Researches with the Electric
Furnace. By Hexrl Moissax. Translated by A. T. pe MovILPIED,
M.5c., Ph.DD, xii+ 307 pages. Demy Svo., 1os. 6d. net(inland postage 4d.).

Electrolytic Preparations. Exercises for use

in the Laboratory by Chemists and Electro-Chemists. By Dr. KarL
ELes, Professor of Organic and Physical Chemistry at the Lniversity of
Giessen. Translated by R. 8. Hurron, M.Sc. xii+ 100 pages. Demy
8vo,, 45. 6d. net (inland postage 4d.).

Introduction to Metallurgical Chemistry for
Technical Students. By J. H. Sranseig, B.Sc. (Lond.), F.1.C., Associate
of Mason University College, and Lecturer in the Birmingham University
Technical School. Second Edition. xii+ 252 pages. Crown 8Svo., 45 6d.

(inland postage 4d.).

On the Calculation of Thermo-Chemical Con-
stants. by H. STanLey Kepsrove, B.Se. (Lond.), F.C.5. iv4102 pages.
Demy 8vo., 65, net (inland postage 44.).

First Steps in Quantitative Analysis. By J. C.
GrEGORY, B.5c,, A LC. wviii+ 136 pages. Crown 8vo., 25 6d.
Manual of Alcoholic Fermentation and the

Allied Industries. By CHarpes G. Marrtoews, FI1.C.. F.C.S. stc.
xvi-+295 pages, Crown 8vo., 7s. 6d. net (inland postage 4d.)

An Introduction to Bacteriological and En-
zyme Chemistry. By Giieert |. Fowrer, D.Sc.. Lecturer in Bacterio.
logical Chemistry in the Victoria University of Manchester. Illostrated.
Crown Sva., 75. 6d. net.
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ARNOLD'S GEOLOGICAL SERIES.
General Editor : Dr. J. E. MARR, F.R.S.

THE economic aspect of geology is yearly receiving more attention, and
the books of this series are designed in the first place for students of
economic geology. They will, however, also be found of great use to
all who are concerned with the practical applications of the science,
whether as surveyor, mining expert, or engineer.

The Geology of Coal and Coal-Mining., By
Warcor GiesoN, D.Se., F.G.S5. 352 pages. With Illustrations. 7s. Gd.
net (inland postage 4d. ).

The Geology of Ore Deposits. By H. H.

TrHomas and D, A, MacAvister, of the Geological Survey of Great

Britain, Illustrated. g3, 6d. net (inland postage gd.}.

The Geology of Building Stones. By ]. ALLEN
Howe, B.Sc., Corator of the Museum of Practical Geology. Illustrated.
=2, 6d, net (inland postage 4d.}.

The Geology of Water Supply. By H. B
Woopwarp, F.R.S, Illustrated. Crown 8vo., 73. 6. net (inland postage

4d.).
A Text-Book of Geology. By P. Lake, M.A.,

Royal Geographical Society Lecturer in Kegional and Physical Geography
at the |..:Il.i1.":.':|':-:.l:-.' of f_-.:ln]i‘:-'.'ilﬂ:.';l.:; and K, H. I a LL., MLA., ]?_f:_fﬂ'.,
Demonstrator in Geology in the University of Cambridge. Illustrated.
Demy 8vo,, 165 net, i

The Dressing of Minerals. By Hexrvy Louis,
M. A, Professor of Mining and Lecturer on Surveying, Armstrong College,
Newcastle-on-Tyne, x- 544 pages. With 416 Illustrations., Royal Svo,,
jos. net.

Traverse Tables. With an Introductory
Chapter on Co-ordinate Surveying. By Hexry Louvis, M.A., and
G. W. Caunt, M.A. Demy 8vo., flexible cloth, rounded corners, 45. 6d.
net (inland postage 3d.).

Mines and Minerals of the British Empire.
Being a Description of the Historical. Physical, and Industrial
Features of the Principal Centres of Mineral Production in the
British Dominions beyond the Seas. By Rarrn 5. G, Stokes, late
Mining Editor, Rand Daily Mail, Johannesburg, 5. A, xx4 403 pages, 7o
Illustrations. Demy Svo., 155 net (inland postage 5d.)

Geological and Topographical Maps: their
Uses for the Geologist and Civil Engineer. By A. R. DWERRYHOUSE,
D.Se., F.G.S., Lecturer in Geology at the Queen’s University, Beliast.,

[fn the Press.
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Modern Methods of Water Purification. By
Joun Dox, AM.Inst.Mech.E., and Jons CHisHors, A.M.Inst.Mech. E.
xvi+ 308 pages. b Ilustrations, Demy 8vo., 155 net.

Practical Photo-micrography. By ]. Epwin
Barnarp, F.R.M.5., Lecturer in Microscopy, i\:i]];-_f;' College, London.
[Nustrated. Demy 8vo., 155 net.

The Chemistry and Testing of Cement. By
C. H. DEescH, I).5c., Ph.ID., Lectorer in Metallorgical Chemistry in the
|.:'.':I".'::1':-\.:[:-.' |J[f”i'|!—'~:.’§l’,‘|'.'.', [Ilil'.hll';l,!tlll, -.::;r- pages, ]h;r:|}' S o, , 105, I;:.;E, net,

The Chemistry of Breadmaking. By J. Granr,
M.Sc., Head of the Fermentation Industries L]{;l'_l:u'um_-nt at the School
of Technology, Manchester. [ £ the Press.

Wood. A Manual of the Natural History and

I::Ldus.tr:d] Applications of the Timbers of Commerce. By G. S
Bovicer, F.(G.5., A.S.1., Professor of Hc:-l:un ind Lecturer on Fo restry
in |.|.:L'L':i|:}-' of London r.":x”{.“’l'_ Second Edition. xi + 348 pages, with it
Plates and other Illustrations. Demy 8vo., 125, 6d. net (inland postage

sd.).

A Clafss Book of Botany. By G. P. Mubcs,

AR.CSc, and A, J. Masrex, F.L.S. With over 2c00 Illustrations.
f....u.nl avo., 75, 6d,

Elementary Botany. By E. DrapsrLe, D.Sc,

Lecturer on Botany at the Northern :clhu]m c Institute. 234 pages,
with 76 [llustrations. Crown 8vo., cloth, 2&, 6Gd.

An Experimental Course of Chemistry for

Hp{ncu]tura] Students By T. S. Dymwoxp, F.I.C., lately Principal
Lecturer in the Agricultural ]}LP"'IL..HI t, Cour n:. Technical Laboratories,
Chelmsiord. 192 pages. Crown Svo., 25. 6d.

The Deve]opment of British Forestry. By
A, C. Forees, F.H A.S., Chiel Forestry Inspector to the Department
of Agricolture for llt.|n.Ll. Author of * kEnglish Estate Forestry,"
etc. TIllustrated. Demy 8vo., cloth, ros, 6d. net, ;

English Estate Forestry. By A. C. Forsgs,

F.H.A5. x+332 pages, Illustrated. Demy 8vo., 125 6d. net (inland
postage 5d. ).

Astronomical Discovery. By Herpertr HaLL
Torxer, D.Sc., F.K.S5., Savilian Professor of Astronomy in the
University of Oxford xii 4- 225 pages, wi ith 15 Flates, Il"qm:,' Bvo.,
cloth, ros. 6d. net {inland postage sd.).
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The Evolution Theory. By Dr. Aucust WEIs-
smany, Professor of Zoology in the University of Freiburg in Breisgau.
Translated, with the Author's co-operation, by ]J. ARTHUR THoMsON,
Regius Professor of Natural History in the |:I‘1i;-'¢|'*-::t:\-.' of Aberdeen ; and
Marcarer THoMSON. Two vols, xvi+410 and wviil+ 306 pages, with
over 130 Illustrations. Royal 8vo., cloth, 328 net.

The Chances of Death and Other Studies in

Evolution. By 1{ LRL 1 -. g0y, M.A., F.R.S., Professor of Applied
."I].':_t!']‘i.l' |'|"|; F in 1] | ars ||_ e |_f|1|(]:j||_ e '\.':_:-.._. ¥ %1l { 33:? .::.:'.(I. .1"_:"."
pages, with Illustrations. ] ey By vo,, 253, net (inland postage 6d. ).

I—Iereduary Chara{:terg By CuarLES WALKER,
M.Sc.. M.R.C.S., Director of Research in the Glasgow Cancer Hospital.
L‘-'m:l}' Bvo., 83, 6d. net.

The Life of the Salmon. With reference more
especially to the Fish in Scotland. By W. L. CALDERWOOD E.R.S
Inspector of Salmon I isheries for Scotlar 'l[] [liustrated. 7s. 6d. net.

A Text-Book of Zoology. By G. P. Mubg,
A R.C.Se. (Lond.), Lecturer on Botany and Zoology at the London
School of Medicine for Women, and Demonstrator on Biclogy at the
London Hospital Medieal College. Illustrated. Crown §vo., 75. 6d.

House, Garden, and Field. A Collection of

Short Mature Stn.:ii_w. By L. C. Miare, F.R.S., late Prolessor of
Biology in the University of Leeds, wviii+ 310 pages. Crown 8vo., 65,
{inlan :1 wstage ad. ).

Animal Behaviour. By C. Lrovp Morean, LL.D,,
F.R.S., Professor of Psychology in the University of Bristol. wviil+ 344
pPagEs. ::-.._r_un,_’l Edition. #s. 6d. net (inland postage 5d.).

BY THE SAME AUTHOR,

Psychology for Teachers. New Edition, entirely
rewritten. xii+ 308 pages. Crown 8vo., cloth, 4s. 6d.

An Intmduclmn to Child-Study. By W. B.

Drummonn, M.B., C.M., F.RC.P.E., Medical Officer and Lecturer
on Hygiene to the 'j1r.h||r-,:‘|-_ Provincial Committee for the Training of
Teachers. 348 pages. Crown 8vo., 6s. net (inland postage 4d.).

BY THE SAME AUTHOR.

Elementary Physmlogy for Teachers and

Others. =00 pages, Crown Svo., 25, 6d.

The Child’s Mind: its Gruwth and Training.

By W. E. Urwick, M.A. Crown Svo., cloth, 4s5. 6d. net.
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