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the situation we made scme time ago.

Youra sincerely,
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The contribution of

ENGINE EXHAUST

wl'ﬂ-! the increasing public concern about air poliuton
It is spproprinte 1o consider the fraction of the overnll
pollution contributed by the exhamt of imernnl combus-
non eagined. In the first part of this article the emounts of
undesirable solids and gases emited into the atmosphere
of Greater London by internal combustion engines, bath
diesel and pewrol, are estimated and compared with the
amounts contnbuted from  other sources, chiefly conl
bhurning.

The possibilicy of & relation between engine cxhaust
and lung cancer has ulso come to the fore owing to the
rapid incréase in the oumber of deaths from this disease.
Unforiunately, o number of statéments have been made
(and répored [n the public press) which were pninformed
or [naccurate, So far the whole natre of the problem iy
not at all clear and the final verdicr should come from n
suthoritative source after extensive research. Nevertheles,
there |8 svuilable sofficientdy reliable nformadon on
various pepects of this problem o justify collecting it
together in order to put the matter into rensonebie per-
spective and to indicate with what urgency investigntion
should be copsidered. The purposs of the second part of
this nricle is to summarize our knowledge on this subject,
and £o attempr to assess its significance.

AIR POLLUTION AND ENGINE EXHAUST

Air pellution Is caused mainly by the combustion of
Fueli, with small contributions from other (ndustrial
processes. The polluting agents discharged during com-
bustion can be divided broadly inte three groups: —

(a) The finest particles, mostly ‘smoke,’ which are
produced when fucls arc incompletely burned,
They remain airborne for long periods and are
deposited ultimately as dirt oo wails and other
surfaces.

to AIR POLLUTION
and its possible relation
to Lung Cancer
(%) Relatively conrse particles, which soon settle, and

which consigt mestly of mineral matter and grit
from the fuel bui may alse contain partly burnt
fuel.

Reactive gesex. This groop in dominsted by
oxides of sulphur preduced from any fuel comtain-
ing sulphur, Alw present are carbon monoxide,
ammonia, hydrochlonc odid, and other gases, bur
sulpmuir dioxide presenns by far the higgest
problem.

When determining the stmospheric pollution of a given
district it is necessary firer o determine the rate of con-
sumption of the variows fiels used in that district and their
mode of combustion, The conditions may vary widely
from city to city and may change with the scosons, depend-
ing on the patterm of fwel needs. For [netance, in Los
Angeles, UL5.A., where the problem of “smog’ formation
has become & classical example in the study of atmospheric
pollution, the chiel offender is the petrol-engined wuto-
moblle? Solid fuels burot smount to less than 0555 of
the total fuel consumption and diesel fuel slightly more
than thet. Copsequentdy, emphasis fs ploced there on
petrol engine exhavst and & lorge amoind oF research has
besn concenitrated on 1t

()

However, these conditions may not apply to other
parts of the werld, snd it is the intention of this article w0
show what proportion of the poliution in British cities is
contributed by road vehicles, particularly diesel-engined
vedicles, and 1o whar extent a large increase in the nomber
of these lamer vehicles would alwer the present position.

Greater London has been chosn as an example nnd
estimaves (summarized in Table 1) have been made of the
pellution caused by petrol and dicsel engined vehicles,
and by all other fuel-consuming sources. In these estirates
the pollution by petrol and diesel engines has been
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two engine conditions cach: for
were air-fuel ration of 14:75: 1 (chemically
1] 1211 (rich); and for diesel engines they weee
for & well-maintained engine (invisible exhawst tm shight
haze} and Jor 8 neglected engine (black exhaust), bodh w
an sir-fuel ratio of 20: 1. In each case {1 las been pusumed
thar every engine runs wnder the specified conditions. It is
thought that the truth must lie berween these it

The figures for solid fuel in the second column of
Table | were obmined from those for the whale of Great
Drinain * Ly scaling down in the proportion of the popula-

!

:
:

thon of Great Brimin to that of Greater London (approxi- -

mately o radius of 15 miles fmny Charing Cross). The

The amount of pollution by petrol and gas ofl
estimated from staristics obagined fram several sources!

To get some idea of the ‘avoidable smoke® from solid
fuels a caleulmion has been mude of the pollution expecied
even il ull conl were buent with no more smoke than in
power ammmion practice and there were o considerable
mprovement  in  ctke-burming applisnces. Finally, the

pollution which would be produced il the gas oil comsump-
tion cquulled the present combined vodal of gas oil and
petrol has been worked out. These estimates are compared
in Table 2

Tuble 1 shows that the present contribution of road
vehicles to the overull nunespheric pallution in London iy
negligible wnder all headings cxcept thor of carbon
monoxide from petrol engines, This s lkely o couse
harm * when actually produced under fog conditioas
because [t is discharged ae ground level, but not uetherwise

As regards the future, Table 2 shows that an enormous
Imcrease in the mumber of di od wehicles on the
ruad would hardly alter the balance. The position would
change only if, at the same time, the amount of smoke
produced by coal burning were radically redoce,

Allt POLLUTION AND LUNG CANCER

Knowledge of the posible relationship between sir
pollution and lung cancer is even more [ncomplete than
the quantitative unspecr that has just been  discussed.
Nevertheless, an artempt will be made here 10 sunmatize
the results of some of the biological experimenis that have
been done und also to assess the significance of the sources
of the mbstances that may eontribute o the developmient
af lung cancer.

It is known that cermin typs of dromstic hydre
carbons, of which benzpyrene is the best-known example,
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are carcinogenic, that is, mmour inducing. It is also known
that they are found in trece quantities in city air (usually
ndsorbed on carbon or seot particles) a8 consequence
of incomplete combustinn,

Biologieal Experiments

The biological expenmients that hove been carred our
muay he divided into theee groups: those in which corcinn-
genicity of combustion products i demonstrated by
puinting exiracts on the skin of mice; thme in which
carcinogenicity b demansirated by divect inhalution af the
polluant; sl those investignting the conditions under
which carcinogens ire active.

Of the more recent investipotions [n the first grsup,
one may mentlon the work of Kotin and athers," who
expermmented  with extracts feom city air, petrol engine
exhuust and diesel exhaust, and Clemo und others,” wiwe used
extencts from chimpey soot and dicsel exhauss, In both cases
the experinrents were made by painting extracts on the skin
af mice. All tests, except Clemo®s on diesel exhaust which
were inconclusive, showed a significant increase in fumaour
incidlence among the painted mice. The carcinogenicity
of these extencts, which all conmain benzpyrene, muse
theeefore he acoepted, but two peints are outstanding :
firmly, the lethal dose has not been determined and,
secondly, the mmeital conditiona imay not be mepre-
senzative of the sctunl mode af exposure of human beings.

In the sccond group of cxperimichis ailcmps were
mude 1o obtain 4 closer approximation 1o human environ-
ment by confining test animals in amnospheres loaded with
the subsinpces the circinegenicity of which was v be
tesced, Few investigators follow this line, but miention
may be made of the work of Compbell.® who exposed mice
in chambers of various ammospheres simulating (&) five

times the traffic block concentration of pevrol exhiwt, (B)
cigarerre smoke corresponding 10 @ ‘more-than-ssodernee
smoker' and [£) war dust from roads. He concluded that
under his test conditions the offect of petrol exhaust
is insignificant, the cffect of clgarctie smoke i3 moere
proaminent, and the effect of tur dust 15 the most prominent,

The third grovp of experiments, which has been
published recently, is the work of Steiner,” who simed st
deermining the conditions under which the carcinogens in
carbon black would be scrive or otherwise. His expen-
iments are more informative than the others in thar he has
been able i conclude From his tests thar carcipopens &3
such {far instance when adsorbed an curbon black particles)
are nol active unless in the presence of on eluent, or
solvent, The theery sdvanced s thot the elient makes i
pussibbe for the chemicals, such &5 benzpyrene, 1 be avail-
shle for carcinopenic uction on the adjncent cells “This
requirement for carcinogenic activity hay helped oo clanfy
wome of the scemingly contradictory evidence of cardinn-
genicity previously found, but a full undessianding of the
problem is sill very remop,

Contribution of Careinogens by Engine Exhans

Keoiin found that with petrol engines the benzpyrenc
cintent of the exhaust varies with speed and load and wos
highest at low spoed and light load, but ihat, with diesel
engings, the benzpyrene preduction critically,
and abmoss m:i:ﬂm the mechanical condition of the
engine, In & we ntmincd  diescl engine with clean
cxhaus the benzpyeene production was negligible under
wll speeds and londs, but If the injection systom was
deliberatcly tampered with® sn ax o produce smaoky
exhaue the benepyvene production was very high indeesd.
Ie s estimmred thut in fhe worse cises examined by Kotin
the benzpyrene production was 1~ parns per million by
weipht of the original fuel for the petml enpine and 47
parts per million for the diese] engine.

The average benzpyrene production from coal bas
been calcubated from Wuller's resulis,™ and from caga in
Tahle |, us 26 parts per million of the eriginal weight of
the fuel. Taking into account the annual comsumption of
each type of fuel, a5 shown in Table 1, ood assuming due
all the petrol is used under the worst conditions and thar
107, of the diesel engines are deliberately abused, the
redutive wmounts of produced from petrol,
dicsel, nnd wolid fuel arcas 1-5:1: 100, [t is clear, there-
fove, thar the benzpyrene preduction from all (mternl
combustion engines is only of the order of o few per cenr
of thut due to the burming of solid fuel. This is In entire
agreement with Waller's finding thar the benzpyrene con-
cenbrntion in iown #ir Increises sharply durng the winter
jauisiiha whien the e of demesie fres alio fneresses.

The above proportions refer, however, 10 mwn air in
general, Ower congested streets and &1 ground level the

Bl o mssamed Fhal Bibins tmnpseing (sl neEeualling
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exhaust from wehicles may muke o major comribution to
alr pollution. '
The mean benzpyrene conceneration ar 75 ft above
steeel level ot County Hall, London, has been messisred
by Waller ™ a4 23 mg per million cu, ft, bur the contri-
bution of vehicles has not besn messured. However, &
peak valuc cun be derived from the dilwion of & particular
component of the exhaust from exhaust pipe o sireer

Such information is svoileble for carbon monoxide
from petrol engines. Assuming that the ratio of the (e
spent cruising o the time spent starting and idling is 2: 1,
then the mean carbon monoxide content of the exhaust
woulld be sbhoue 37 and the mean henzpyrene content
would be 460 mg per million cu. fi. The peak carbon
stexide content that hos been measurcd at streee bevel in
London is of the order of 50 pares per million " (almest all
due to petrol exhaust), which gives a diluten factor of
about 600 between the cxhawst pipe and the street. The
correspotding peak benspyrene content due w petrol
engines, therefore, i 0076 mg per million cu. fr. In Los
Angeles (where the diesel and solid fuel conmmed is
negligible) the mean benzpyrene concentration af street
level, as measured by Kotin, is 084 mg per million cu, fr,
which indicates thit the peak figure for perrol exhause in
London enlailated sbove s of the right order.

Assuming that in London ar strecr leved the contribu-
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tions of benzpyrene froen petrol and dissel engines are in
the same ratio, 1'$:1, s their toml contributions o the
ammmphere, the peak total vehicle contribution 10 the
benzpyrene content is 1'25 mg per million cu. fr, which is
oaly just over hall the mean shserved enncentration (243
mg per million cu, fi),

e
varicws operating conditions. This has been
sccond part of Table 3, which [s based on a
snolysis made by C.AV, over n typical London
and choden as a fair estimate of wctunl conditiom.

consumed the relative tora] aromatic production, given i
the last part of Table 3, is ohisined,

This emphasizes again the importmnce of
sdequate maimenance of the diesel engine. With petrol
cngines, the aromatic hydrocarbon emiwion cannor be
entirely  suppressed  withowt  introducing  additional
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miensures, bur with diesel engines it can be avoided smply
by good maintenonce. If, on the other hand, the diesel
engine is deliberately abused, then the ofence is very greai
imdeed.

SIII'I!'I'III.I.'F

This bricf servey of the highly complex probiem of
engine exhaust and its possible relation w0 lung cancer does
not claim o be comprehensive, ncither does it cliim a
high degree of sccuracy for the estimates made. Never-
thelews, with these reservations in mind, it i believed that
the problem has been viewed in it proper perspective and
that first order estimates have been made based on the
best informarion aviilabe,

To sum up, city air and enging exhause contain sub-
stances that have been proved carcinogenic o mice, but
the expct mechanism of the development of cancer {s ot
yet fully understood. Even less is known of the condidons
under which human beings contract lung cancer.

In analysing the pellution from all sources i has been
found thar the contribution by engine exhaust o overall
pollution is extremely small compared with thar from the
burning of solid fuels. This applies w gaseous and solid
pollutonts und to the aromatic compounds which may have
some bearing on 1e dmlnpmmt of hung cancer,

Ar steeet fevel, in congested srests, relatively high
concencrations of pollutunts due 10 engine exhause can
develop bot, cven so, @t is estimated thar the peak
contribution by engine exhnng 13 anly obour half the mean
cusmcentration,

In comparing pollution by diesel and petrol engines it
has been shown that in the well-maintained dicsel engine
the quantity of carcinogens produced is neghigible; in 2
petred engine the production of carcinogens appenrs to be
unavoidable nod it would reqguire specinl devices o remove
them. Increasing use of diesel emgines in the fumare need
nett, therelore, worsen the position—in Fact, given good
muointenance, an appreciable improvement could be
achicved. But jt must be borne in mind that a badiy
adjusted (particulorly overfuelled), smoky, diesel copine
can became many times worke than the petrol engine. The
impartance of proper muintenonce of diesel engines, and
of the fuel injection equipment in particular, cunnot there-
fore be over-cmphnsized.

ENGINEERINCG

REVIEW

FOSTSCRIPT

Since this sricle wes written, the evideace qullected
here has been corroborated by (wo papers on * Exhaa
Gases from Maotor Viehicles' presented to the Royal Society
of Health by Dre. A. Firon and Dr, B Wilking, of the Fusl
Research Seation, D.5.1R., and by the contributors to the
subsequent discussion, nesably Dr. 1% ] Lawther, of the
Medical Research Council (Atmospheric Pollution Group),
Drrs. Fitton and Wilkine showed, both by direct measure-
ment and by csmmation, that the ool conmibution oo wir
pollution by wvehicle exhas: is small indeed compared
with that by the burning of solid fuels, although under the
most severe conditions the carbon monoxide from petrol
engines may. be abjectionable, Dy, Lywther repormed thao
the Medical Research Council has not been able 10 meisure
any significant amount of 3:4 benzpyrene in the exhmises
af London diesel buses. Furthermaore, he sated (har they
hnd been ‘unable o demionstrate that the combined efores
of abour 2000 buses raise the benzpyrene content of the air
at all; and they were in a fairly confised space, exhaust
pallution reaching levels andreamt of jn the streets,”
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