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In a paper entitled The Problem of Siyoke Abatement which T
read before this academy three years ago, I pointed oyt numerous
ways in which atmospheric smoke has be:en found to e harmfyl,
In attempting to discuss at this time a Particular phase of
namely, atmospheric smoke in its relation to health, T am faceq by
the difficulty that @he various harmful effects of atmospheric smoke
are more or less interrelated. For example, health fa
be wholly separated from ec

: ctors cannot
onomic factors, Men have
they could not afford the

died becauge

sented a wide variety of professions includi ine, botany,
engineering, physics, and chemistry. Many of the problems involved
are difficult and the abundant literature is oftepn conflicting. Npo
one individual or single professional Sroup can qualify to speak with
authority on all phases of the subject. Only through cooperative
study and the exchange of Viewpoints can the hest results be hoped
for.

With respect to physical and chemical dam

age caused by smoke,
(Baines, 1924: Cohn and Ruston, 1925) show
er conclusions are confir

med and that the huge
not been overestimated

. There is a growing
smoke into its components and to study the
effects of the compo

nent parts. Tar as a rule is more objectionable
than ash, and sulfuric acid is more so than either. Sulfuric acid is
always present in the smoke from coal and its effects upon vegeta-
tion when present in the
the subject of careful s

tendency to resolve

atmosphere or in irrigation waters has been
cientific research under hoth laboratory and
field conditions (Langsdorf, 1927). These studies have led botanists
to conclude that the Injury to vegetation by smoke is not due primarily
to the clogging of the leaf pores (the stomata') by the sooty deposits
a5 was formerly believed, nor chiefly to the inter ference with polli-
nation, but that the most serious cause of damage is the poisonous
acid.

Ordinary coals ma
rtain Illinois coals
cent. Tests on the co

—_—

. i ting,
"Read before the Tennessee Academy of Science at the Knoxville mee
May 8, 1931.

vy contain from 1.5 to 3 per cent of sulphur.
have been found to run as high as 4.75 per
mposition of locomotive stack gases at Altoona,
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! ia (Langsdorf, 1927) showed th
I;exng;l);)ll\llﬁ:?n f:oal escapes into t_he atmosphe
:h;t this figure holds for Knoxville, that the

at about 33 5
er
re. On the ;Lg cen

t Qf
- oSUumpg;
coal contajpg an  Ptiong
of 2 per cent sulphur, and that 425,000 ton "

S are burpeq anni:jlrage
€ year woy|q | A
d upon soj]

f sulfuric acid P
1 of about 8,500 tons o :
Eﬁtﬁ tﬁe atmosphere. The effect of such acj

: Carried

. 1S cum ative
In St. Louis it is asserted, thgt as a result of the aCC“mUlatiOn .
acid in the soil, flowers are injured, hlue gragg 0
«

lawng can
which adorne( ol

By o
appeared.  PBec, o less

maintained, and the stately laurel oak_s
than thirty vears ago have largely c_hs ' e s
damage the authorities of the Missouri Bptaqlcql Garden are dCVeloI)-
ing a new tract forty miles beyond the city limits,

The task of determining the effect of atmospheric Smoke
health is a more difficult one than that of. determining its i“jlll'ious
effects upon objects of the vegetab]e and Mineral kingdoms Opinions
have heen expressed where convineing scientific progf was Jackip

Innumerable indications point to harmful effects and there i m;
lack of medical opinion that smoke is responsible for many ills -y
important studies of Dr. Louis Ascher of Konigsberg and othey
statistical studies have been the hasis for many of the opiniqy which
have heen expressed. Dean A, S, Langsdpyf of Washingtop Unj.
versity, St. Louis, has recently made a critical examinatj
statistical method (Langsdorf,

1927).  Such studies
tion between the prevalence of smoke and the mortality (ye ¢
diseases, especially those of the respirato

ry tract, and Pneumoniy iy
particular ( White and Marcy, 1912, 1914), € existence (f such

correlation is a matter of established fact.” Op the groun that it js

o factors is prout that
they stand in the relation of cause and effect. T'o this we must apree,
As an illustration of the method we may examine a study made ip
St. Louis for the period 1921-26. 'The number of deaths e g
pneumonia, taken from the officia] report of the Division of Health,
was plotted against the number of smoky days recorde by the local
office of the U, §. Weather Bureau, A striking correl
found, more deathg occurring in the winter when the smo
densest. Tt g conceivahle, though hardly
since it is predominatingly o winter disea
feWe.r deaths if ng smoke had heen in th
humidity, ang fog which undergo perio
were plotted against

ation wys

ke wis the
probable, that pneunioniz,

se, would have caused 1,
e air.  When temperature,

dic and seasonal variations
death from prneumon

. ia, an unmistakalle correla-
tion was found o XISt in each case,

’"
: T'he (le.qh_ rate from pneumoniy in Boston, Massachusetts, was
found by William C. White

and C. H, M

€s, heing

n a list of
burgh only,

arcy (1912, 1914) to be third

fifteen large citi exceeded by Chicago and Pitts-

smoke, (¢ Yet the city of Boston ig Comparatively free from heavy
9 syl ommenting upon (hig situation Dr, Johy' s, Fullerton says,
Would expect Boston to have

& greater mortality from pneumonia
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sis of fact that Bos s ek
1 the sole basis I would cxpect Chicago to
purgh, o1 umonia ages. _ Pt o eae
in the pne lity than Pittshurgh, becaus ] :
s i, BRGHIE o) lical profession o
mor® Fpigher pnewion in the minds of the mec 1
hig sion i
s ObSCS .
neum,?ma thod in itself that is objected to, but
5 - e ts : " lseases are
Chicag?- not the -“"‘atls'.‘lcasl frxr-lom insufficient data. Many (ll::z:ses ']_E‘lhe
L oo f conclusion erous contributing causes.
go Itant of num : e mroblem
resy ich i de available on any
Iy g i hich is ma } o
ﬂdoungngfte informil'tloln g: experimental the nearer will De
ore ¢ he statistica [ that problem. |
it 1on to P .
i the correet 80 ut d frequently that atmospheric
ach 0 : expresse ently e
e inion_has beqn jons of the sensitive 111emhr;mes 0
ke c:lpses SEHOUS 1rr1tat101}f this be true a correla.tlon between
e ea. ose, and throat d throat specialists in the larger
O omer f’ S e ke lence of atmospheric smoke
number O States and the prevalen: doeiding this point
ﬂ?": of the United xist. With the view of deciding 15 pownt
at-legt well be expecteq t? gut f.rom the Department of Chemls. ryISO
iy i e Was e bers of Commerce in
pRfiajs to the Chambe ; s
a questio : f Tennessee I o ea10, 1920,
The Unwersi?;li?ed States requesting data dfotrh'tllt]eff})r o AT, 150
cities 1 thze Many of these cities re[Jortejml(;mr [ one reon o
2 hngtgﬁey Fad np Al S100 o2 pmblelln;‘ir(i coal hand the absence of
another f natural gas or ha il e e o
i - Mere smoke
mentioned the number of cities wher sm aignan:
i ial plants. In a i surements of the pre )
lnd‘:‘StrlaesI;.re in force 1o systematli miah which we assembled {or
grinane de. TFrom the data Semtiel o
' 6 lisenl gk s ion between the number ol 5
of smse ha itive correlation betwe oL speeta -
Gl be detected. It was !
i e f smoke could be ¢ Aot s
- revaleqee 9 N d Lus Angeles, Calit .
ipts; and B1E B hington, D. C., an os \ng e
e B i ulation than any o
for example L i rtion to their population W oL
lists in propo qaably frec from the smo
have more specia . re remarkably fre m the smoke
. g they @ rdlle, N. C.. 15 very
ities in the country, y . <. Acheville, N. €.
gtgliesz.nce o ﬂeal‘_e?_t tnelglg‘bgllpit'l Their smoke nuisance
X sts pe r a.
high in the r_mmber of specialists p o
s XCcessive. i : e learned that a simnlar stud)
) n(:[):lethe conzse of s invesngah?m “(E kl;lll(:]ttt(/l 4 who 1s a nose and
» Dr. Arthur G. iz o T -
e I'ecenﬂy l?eer'l madeLb)ui?and a member of the Smoke Abaten
throat specialist in St. Lo O i ‘
League’s Committee on Damag  ahlier, smgis hosmE
from these reports that atmosp e e
o eorcide. o ucous membrane of the eye, i, o
injurious effects upon the m deriEe i, opinion as to €0 e
throat would be about as unscie fic 1 1Y Op D eaths from i
th i f a certain correlation hetw I itione
that the existence o { smoke is proof that B s
monia and the prevalence o et Y. ks wmas
stand in the relation of cause an

y se (. Calhoun as a
i ; Mr. George L N 0.
*Replies to these were classified and Stu%lvm';!hl:)l'"i\uri‘l(.‘ of Ignue.sls'eei,velrzijty
g i - tigations, i Washington Un
part of his thesis on Sx:{okef::l\‘/‘es”in Vs, Langedord, Washiug
B ication #
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St. Louis, Mo., April, 1930.
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affect the number of specialists g city will SUpport
by the Chamber of Commerce of :

El Paso, T In
data for 35 cities are recorded.

€xas, the o 2Tt isg,
fur Los Angeles g the thif-:jlm‘.* OIOgicee;ll
this list in the average annual number of days of fo h‘ghest
C.. is first and Seattle, Washington, second, :

. . On
i In Sheville ¥
in cities where there is little poverty, - the Iwmberhealth TeSorts ﬂid.
capita might be expected to run high, Tpe attracti\,ef;pemal‘sts g
for the young doctor who is choosing o 1 €8s of 5 &
might affect in some measure the nu

cation f{
mber of g o
The researches of the last deca

v
Decialistg, ° Practige
de which havG be

: : en

in establishing the relation of cause and effect betweenn :Jtst fruit ul
smoke and conditions of health are probably thoge dealing yolo8

light and the ultraviolet. Tt was in 1924 that the in

the latter and vitamin D, the antir

. Visﬂ)]e
o terrelat

achitic vitam; ) a0 betWeen
In 1930 Morris Fishbein, Editor

4

of the Journy of
Tedical Association, stated tbat alt

Wwas
the
Ithough hut seven

Through its preventive and constructive agencies, me
captured another hill in its war t

icine hag
This hill overlookin

fear of discase,
g our smoke-laden cities ig commanded 1y the new
knowlgdge concerning vitamin D, N years ago the i
that vitamins might he correlated in so i

ditions would hav
correlation appear
D is concerned,

As early as 1650 the d;
ized by malformation of b
and Simmonds, 1928
conditions,

e been received as

g d mere guess. Today such g
s to be definitely established in sq

sease known as rickets, which is character-
one, was described by Glisson (McCollum
) who attributed it to unsatisfactory hygienic
came the sulject of
S within the last few years.  Only the Driefest
reference to these investigations can be made here

The existence of

an antirachitic vitamin was first demonstrated
by M_ellanby (1918) less than fifteen years ago.  Mellanhy, however,
identified his antirachitic vitamin with vitamin A, Hess discovered
that some children having a diet rich in vitamin A developed rickets;
jond McColtum (McColtum, Simmons, Becker, and Shipley, 1922,
IIZ.IC(.OHLIEH and Simmonds, 1928) with his co-workers at Johns Hop-
vli?'lsmgm){er;ny found that 4 sample of cod-liver o] in which the
rac(hiticl ad been (lestroyegl by oxidation stil] retained its anti-
power, . known ag vitamin D, is not
¢ rickets; it plays an important
i 1919, H.fo'rmatxon of bone in the body (Gamble, 1928).
the quarty . e 5?1“1151%' (1928) discovered that the radiations from
o AUATEZ mereyry lamp ang sunlight would hrine about rapid heal-
of rickety bones in children, N : ‘
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. 1 Unger,
: k, 1924 ; Hess anc !
Hess and WemstOC‘ k, 1924) and others in
Steenbodl‘(')z(4. Steenbock and }??;15‘ which were without
) n fo .
’ that certai sed to ultraviolet
further. is power when expos 1
: oped this p L of the Genera
ower de e pckiesh and Pacim, 19-26)(] from the blood,
rachitic P ini (Lu lesterol derive b
antirac . Pacimt vered that chole in the dark is unable
iight. . Company d}scols which have been kept in el i g
lectric pile of aﬂif?a but when the Emmqals a:‘le when extracted is
hrain, Ogrt animal 1 zim]esterol is a:ct}vated l?gwed that sterile water
b Sutp radiation"tﬂl]i?zing" agent. Pacm:].'altsf(z)dsacquires growth produc-
e “yita : irradia . y
yaluable faewvdead paCHERS wtk}‘ir; 1vitalized behaves much in 1tthe :fg{?[
ing ateristics"that‘w}aiel;adiation itself. 'The use dof l;afg .
Chara:s does ultravlto f thus appears to have an advantag
e e
manner sterilizing water o )
rays for thods of sterilization. light upon the vicissitudes ex-
other methioT ries throw new lig York some vears ago.
These discove hetti industry in New districts to loap
d by the spaghettt in the down-town distn
erienced DY h of foreigners d hang it out on the fire
Tt was the cugtgﬂugh on broom handles limt fofh%"“e made spaghetti
. t1 do rke I 2
their sPagk:iCt in the sun. When the n(}? and hundreds of fire escapes
esaape tl?lisllr-l}éd the industry grew lﬁiptlti zlong certain streets on \m%}l}t
was esta tooned with spaghe s enacted forbidding this
could be seen ]f?ei:e ordinances were eventua}l)tif[fggion of indoor drying
sunny dayi,'vithin three months after th‘ets(;gfl against the quality of
ice. 3 18 el altered
practice TG complaints were reg f drvine had been ‘ﬂt(ru‘._
for sun €Yy Ve ly the method of drying I's research staff
et only : any s researc
the Qroduct-d Pacini of the General Electric tollfllillt;avi“lct ravs and
Lucmeml azx the difficulty was due to tge lack o
lieve tha . -founded. ) )
l1:)fmt the complaints were well > aroused much interest
i ries should have 2TOHS orisine, It was
That these discove f vitamin D is not surprising. )
the chemical composition of vi bject that Windaus received the
for important researches on-ffhlli Suoi“tion of cod-liver vil consisting
. e . S The dies
Nobel Prize. The un}:‘apolmhil)s) 1?5 strongly antirachitic. "I he (:15
largely of sterols (5101{(1'(&:}?(2 hypothesis that cholesterol k_L:-,Hli; hi
is fact led to . Atamin D s formed by
covery of this from which vitamin ey
: t substance irom | he alcohols pointed
might be the paren % Eeations of the _
- : i orate pur : ich is converted into
ultraviolet light; but ela he chemical which is con .
1 (CorHyeO) as the P ieht. More receutly,
i(;t:r;gigs%rzn(ﬁer Tthe influence of ultr{n mi(?f) ‘314'1(‘{())8) Sl ey
2 LA O = Tipy
photochemical studies of erg(])Stferro‘ 1(3'\30) point to the Dm‘l)n_hllﬂ)
(Bourdillon, Jenkins, and We IELET, D is not ergosterol ns_clt, but
that the: mdther substance of witamil & ® B8 S e (Tl and
a.zm impurity. Samples of ergosterol pr‘f(}g%oo ‘times as active as
o 1930) and his associates were b O amsiormed
Wirick, . h the ergosterol had heen i
ordinary cod-liver oil although ferol which has heen properly
only partially into vitamin D. E'r]l%mteiﬁnes as potent as ordinary
B . on = - R
irradiated is reported to be @ mi Id be sufficient to give positive
cod-liver oil. A single gram woulc




52 Journal of the Temnessee Academy of Sei
Clence

results with several million rachitic rats, A pre .
ergosterol known as viosterol is now prescri Paration o .

1 . s of :
fession. While its use in place of cod-livec: lgﬁdhl;g’ tthe meilri‘;i(lllated
e

avoiding the digestive disorders that m ady, ro-
of the latter, it is recognized that too msgh r\?istglt from la: etagle of
more injurious than too little. Death from min D he 0seg
attributed to excessive deposition of calcium salt Overdogeg . even
However, the experiments of Bills and Wiricks 11 the blgoq St
the effect of overdosage with activated e on ratg a)

show
. T
only after about 4,000 times the minimum gosterol hecy

rs: . anti s dis
administered over a period of time, tirachitic doge ha et

S bee
Now if vitamin D is essential to the !
. normal S
and phosphorus in the body as appears to be Certaa;;tmues- of calejy
or a kindred associate in human tissues is converte d’ and if ¢ m
only under the influence of ultraviolet ligh nto thig

: . . t, th
is apparent. Ultraviolet light does not pass thiozeeg of dPUre Sunshipa
glass and it is largely absorbed by dust and smokg ordmary windo,

Usil_1g‘ smoke similar to that of our industrialeclirtli the atmosphere.
Pacini proved that rats suffering from rickets fajleq t e SCreen,
they would fail to recover when screened off by OC;J'GCOVC]. just as
glass.  The Health Department, City of Knoxville rlnary iy
out of 116 children examined recently at the free clinic it 10
from rlckets: The tragedy is that some of these chylvdel'e Suffering
formed for life, treatment not having been taken soon lenrenyl ot e
In_ 1927, Bundesen (Bundesen, Lemon, Falk, and COUgL
and his co-workers showed that the light filtered £hrou h (Zilde’.lgy)
tsllﬁrzg)eck)'ér%si in Chlcagorwas low in ultraviolet light. gI\/IOIl’:: ?clzrc OvTr
i dete:;n' 0 tehntz, and Korff (1929)‘ made a careful series (f izty
e 1]t:e _e1 effect of atmospheric pollution upon the incid sts
Bs ultraviolet light in the city of Baltimore, Maryland Fence
5 observations using five different methods they conelude that om
per cent as much ultraviolet light reaches the cit o only
surrounding it city as the country

A study of smoke contr

Lin P o '
Foraseer i B oty o teo in Pittsburgh made by Meller in 1924

n years’ enfor

| cement sho y

ix::rea;];:([ln-ﬁ of i%r was reduced 70 per cent, the tvg:a(lll t}(}:t(::

bl co(- \)A(z)é‘rtkersptelr cent.  These observations suggested tg Shrader
he desirability of measuring the relative absorp-

tl ve ca P'lCi 14 fO lll i et I‘ght V
hei o tr ElVlOl i >
1‘. ; ) { : I Of various types ()f (lust. l< rom

gfltarry products is more inﬁ‘;ﬁ_};_Consludled that catbon in the form

ight tiat sil ) 1ive to the incidence of ultravi

Percentages 12§€?1L11t5ra111a§ex'1a!5. In one series of experimen(tl:l(;llfi

carth, 54 {or street v‘10 et light transmission were 60 for fuller's
¢t sweepings, and 14 for lamp hlack

also made inati inci
s ade determinations of the inci-

h'ey found that_ the peak of bacterial
Year when the incidence of ultraviolet

hereas
it had

;
N These same investigators
nee of bacteria in the

contamingt; o

on lies at the time of

light is least,
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- the greater prevalence of discase in winter than
sible that ot Iy by the paucity of ultravi
ay be influenced greatly by the paucity of ultraviolet
qummer ml Y winter months. When the sun is 75 degrees from
light d4 1 lt; air mass through which light rays pass in reaching
zeniths gn  times that when it is directly overhead ([ uckiesh and
us 13 qbout;‘g“ The ultraviolet rays are filtered out to a much
pacini, 177 4% pan are the longer waves. Measurements on the top
e)\te\rfi/'ilson showed that the following relative amounts of
hed the observer: 4000-302-117; 3800-239-74; 3000-192-
energy r€a§§5‘26. 3200-58-8; 3000-25-2. 1In each series the first
9% 3400 s’ the wave length in angstrom* units, the second
nergy when the sun was overhead, aqd the ‘third the
hen the sun was 75 degrees from the zenith. The ultra-
energy hing the earth when the sun is far from the zenith is thus
violet reaching It follows therefore that the relativ tity
be quite small. It Tollows erefore tha relative quantity
seent 9 jolet waves 1 sunlight reaching the earth must fall off
of lltravs we move away from the equator. Rickets is practically
rapidly ﬁ in the tropics. In the temperate zones, its prevalence in-
unkni;”rapidly with increases in latitude (Gamble, 1928).
crealst has been argued that if ultraviolet light is very important,
the people of the tropics should be the most healthy Yin the world
and the Fskimos shoul.d have long since _perlshed. Rature.l‘l_x the
course of time has adjusted peoples of dlﬂferent races to different
climatic conditions. It appears to be certain that the negro has a
different susceptibility to u]t1:av1olet light than the whites. An
imaginative mind might conceive of a race of men so changed by
evolutionary processes as to thrive best in clouds of dust and chemi-
cals, but that does not change present conditions. The negro is far
more susceptible to certain diseases in America than is the white and
it is unlikely that the Eskimo would be able to survive the tropics
although he has not yet become perfectly acclimated to his present
habitat. The migration of people to climates to which thev are
constitutionally ill-suited may be the cause of various discases un-
known to their ancestors. History reveals no evidence of rachitic
deformities among the light-loving peoples of long ago when distant
migrations were virtually unknown.

During the last few years industry has given considerable at-
tention to the problem of good lighting. Numerous experinients have
proved that proper lighting pays for itscli many times in increased
production and profits. Normally the eve consumes from 10 to ‘13
per cent of the total energy expended by the body (Anderson, 1928).
Eye strain therefore causes fatigue and slower perception. .‘\S a
result of this lowered efficiency production is lowered and accidents
become more frequent. Definite experimental graphs, sho\.vmg.the
relative reaction times of workmen at varying d§grec§ of 1llummat
tion, have been plotted. They show that reaction fine (lecrea§e;
rapidly with increase of illumination. This has a definite bearing

“The angstrom unit is equal to approximately one-tenth of a millimicron.
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upon the frequency of a_cculents. .It 1S an establighe| i
number of industrial accidents has increased as plapgg Fos
their schedules more at_1d more shifts using artificia] lightin ldeq to
our growing industrialism makes us more and more depend, ince
artificial lighting, 1t 18 xmf?ortant that llght of good quality aelllt Upon
proper intensity he pmv1d§:d. Much Improvement g heg( of the
Not only have the use (?f higher candle power and Detter (li5t11.m de.
of light proved to be highly beneficial, hut ultraviolet lampg ributmn
finding their place. . —_ alsg

n smoky cities, it ha§ cen tound economical to )
ableI sums for cleaning yvmglow\fs and light fixtures, \pzi}i ISonskler_

states that the depreciation in light output of lighting equipm, 193]
under average conditions runs from 5 to 10 per cent durip etlﬁt Useq
month. He recommends that vgaslnng of lighting unjts l%e e firgt
a regular monthly schedule. Littlefield (Anderson, 1928 P;t on
ported that by increasing the intensity in foot candles from, 3.3 ts Teo
the U. S. Post Office showed an increase in production of 130 75
cent. A towel manufacturer increased production 15 PEF ce tper
increasing the foot candles from 3.3 to 10 and by the inst;ﬂl]] _l)y
of reflectors. These data are remarkable when it is remeﬂiberedati?“

the total cost of adequate and proper lighting is usually estimatat

at an average of only 1 per cent of the production expenses eﬁ
higher candle power than 1s'c'0mmonly used and a be :
light make for easier supervision, better order, cleanli

are

tter Quality of

R ness, and neat.
ness in the plant. They make for healthier employees. A concerne(
are therefore happier.
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