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Abstract

‘ Epidemiclogical studies have implicated thees factors in the overall increase of lung

cancer « tobacco, especially clgarette smoking, uchaa-pollution and, to a lesser extent,
certain industrt me data wete discassed on carcinogenic
industrial inBatants, and on the possible effect of urban pollution. The reduction of pol-

lution and that of specuﬁc environmental agents Is stressed. Laboratory swudies on the.
identification of carcinogens in cigarerte smoke and their reduction toward the “less harmful
cigaretre™ represent # part of this aspect. o N
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Zusammenfassung

Wihrend det letzren drei Jahrzehinte ist in den meisren entwickelten Lindern ein starker Cee
Anstieg des Lungenkrebses beim Manne beobachtee worden. Der gleichzzitig ansteigende | - 7 - -
Tabakkonsum, besonders in Form von Zigaretten, wie auch snwachsende Luftverunreini- - .
gung in den Stidren und in begrenztem Mage, die Encwicklung never fndnseriezweige, sind *- &'
in epidemiologischen Arbeiten als bedeutende Faktoren fiir die steigende Lungenkeebsrate. [ 7.
gensnnt worden. AT

Auf dem Gebiet des chiskrcbset crkannte man innerhalb der letzten Dekade, dafé
Chlormethyldther Bronchialkarzinome induzieren kann, da@ Vinylchlorid Angiosstkome -
in der Leber hervorruft, und daB Chloropren wahrscheinlich fiie Karziname der Lunge ’ )
wie auch der Haut verantwortlich ist. Auch Benzol muB als potenziciles Leukaemogen ane  * -
geschen werden.

Alle diese Beobachtungen haben zu verschirften arbeitshygienischen Vorschriften gefiihrr,
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- Presented ar the 36.Tagung Deutsche Gesellschafe fiir Hygiene und Mikmblologie.
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(¥ Ramspdutw ‘Unrcrswhungm h:bcn aud: gen'ipt, daﬂ ﬁcmfmmvrdx und
rauchen sypergistisch witken, So bestchr z.R. cin hohoeres Risiko fir Rrrmchull:mcbc unter

Auch dic Reohachrung von ,,Stadtfakioren® in der v:rglmclmlcn l.ungmkrcbmanmk
bei Rauchern in Stadten gegeniiber solchen in Jindlichen Gebicien, deutet auf Synkaszino-
genese voir Unaweltkanzinogenen des Menschen bin. In dicsem Falle bewertet man neben
verschiedenen anderen Faktoren dic Lubtvcrnorcinignng in den GroBSstidren als Syakarzino-
gen zum Tabakrauch.

Analytische und biologische Studicn mit Extrakten von Luftverunrcinigungspantikela,
die in 3 USA-Grofstidten gesammele wurden, haben gezeigt, da8 PAK fast ausschlicBlich
fiir dic im Ticrversuch beobachteten Karzinome verantwortlich waren. - Eine Reduktion
von karzinopenen Kohlenwasserstoffen in der Luft mehrerer Grostidee ist wibrend der
letzten 10-15 3ahre durch Unistelluag von Kohle auf Qlficizung und durch spezitische Re-
duktion der roxischen Abgase von Otto- und Dieselmotoren erzielt worden.

Tabakrauch enthile auch karzinopene Kohlenwasserseoffe, jedoch stellen die karzinoge-
nen Verbindungen dieser Stoffklasse im Rauch nur einen Teil der Gesamtakeivitie dar.
Eine Reduktion der karzinogenen Wickung des Tabakrauches muf deshalb auch voa ciner
Reduktion der cokarzinogenen odec tumorfardernden Rauchkomponenten begleitet wee-
den. - Da fiir Tabakrauch nach statsstischen Erhcbungen fiie das Lungenkrebsrisiko, wic
auch im Tierexperiment cine klare Bezichung zwischen Dosis und Wirkung festgestelle
wurde, war cine Reduktion des Tecrpehaltes des Zigarettenrauches der crste Schritt zu
einer Risikoveeminderung, Gloichzeitig wurde auch einc Reduktion des Nikaring und ande-
ree phy: siologischer Noxen angestiebt. Die Filterzigarctte war das erste Entwicklungspro-
dukr in dn:sc.r Richtung. Dariiberhinaus hat man aber auch durch Selektion von Tabak-
arten mir Bei van Tabak In und Tahakfolic {rckonstituiert aus Tabak-
staub) Vuandcrungcn  des Tabakrauches va.'lr!:t, dic sowohl geringere Mengen Teer pro-
duzicren als auch geringere tamorerzeugende Wirkung des Tecres zur Folge haben. Stari-
stisch ergeben sich etste Anzcichen ciner ‘erfolgreichen Verminderung des Lungenkrebs-
tisikos fiir Raucher der ,,modifizierten’® und Filterzigarctten. Jedoclu bleibr die Enthalrung
dic sicherste Risikoverminderung.

{ntroduction

In 19412, Aprer pubhshed 2 momgr:ph on fung cancer (). The rarc occurrence of the

then prompied the a to ask: “lIs it worthwhile o write 2 monograph on
primary malignane tumors of the fung?” Today, cancer of the respiratosy tract is one of
the most common causes of death in developed countrics (48). In the United States, the
Unired Kingdom and the Federal Republic of Germany, for instance, respiratory tract
cancers are now the most common cause of cancer death among males, In 1966-67 jung

g:

cancer constituted about onc fourth of all inale cancer deaths {24.8%) in West Germany {(48).°

A detailcd study of the epidemiological history of Jung cancer illustrated thac environ-
mental factors play a cracial role in the incidensce rate of this discase. Thirty years ago,
more women than men dicd of cancer; the reverse is true today. This remarkable change
is due mainly to » sharp increase in the incidence of lung cancer in men (Fig. 1),

Prosgeective and retrospective seudics bave implicated three factors in the averall increase
of Inng cancer - 1obacco, cspecially cigaretre smoking, urban poflution and, 1o a minoc
Txtent, newly unerging juduserial envisonmems (Uable 1), The cpi«lcmlok:glai studics
which d arated rhe d ic iwrease ih lang cancer prayided the main impaus for
the chemical-analytical studics and bicassays in tobacco and alr pollution carcinogencsis
and for laboratory studics of occupational factors invalved in cancer of the tespimatory

teact. I addirion to these rescarch activitics, increased cmpllask has been p!aocd on thc .

reduction and removal of carcinogens from the human mp-mory cnnmnmnt

B S T -4-2':,‘ Riowwa

- Ashest-Arbeiteen, dic ranchan, als unter solchen, dic nicht rauchen oder unter Arheitern |
’ 'aabcrl\allv der Asbest-Industric, die ranchen. Khnliche Bewvise fiir Synkarzinogenese gibt
. &3 hei Urangnben-Arbeitern, dic rowchon, gegeniiber solchen, dic nicht rauchen.
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Flg. 1. Time trends for cancers reportedly related ¢o tobacca smoke and other air pol-

" lutants; U.S. white.

Abb, 1, Zeidicher Teend fiir Kechserkrankungen, dic vermutlich auf Tabakrauch und
andere luftverunreinigende Stoffe zariickzufiihren sind.

Table 1, Refative contribution of suggested carcinogenic inhalants ro cancer death ratest!

Tabelle 1. Relativer Beitrag der vorgeschlagenen karzinogenen Inhalace zu den krebsbeding-
ten Steeberaten

Cancer site Tabacco Polluted aic ~ Occupational
) smoke environment
Respiratory tract
Oral cavity +4++ 4+ —
Larynx +4++ - 2
. +4+++ +2. +
Gasteointestinal tract . .
Esophagus ’ +4+ 4 - -
Stomach | - ? -
Pancreas . L - -
Liver Y B - v - + .
- Genitourinary tract [ | KRR e e
Kidney L ++4 - +.
Rladdet =~ \' .. - +++ N +
.Prastate N\ { Sl A N ?.
SIS ‘M&aﬂnnmmoﬂualmdmxhsa specific site: + ++ 4+ = > 507,
) ++$§;_, AA IO, o OA-1%, =00
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Tndduserial Carcinogenesis

- Carcinogenic stimuli iti occupational respiratory environments appear to have

relatively little cffect on the overall incidence of human cancers (Tablke 1). Hig-
GENSON has estimated that cancers relared to occupational factors amount to less
than 1 % of all cancers (21). Whatever influence does exist, it must be scparated
from the tumorigenic stimulus of tobacco smoke (24). Nevertheless, for specific
industrial groups, certain cxposures to inbaled pollutanes are of obviovs impor-
rance, especially since such cxposure is usually prevencable. The major industrial
respiratory carcinogens are listed in Table 2

During the Jast decade, several new industrial carcinogenic inhalants have been
identificd. These are volatile alkylating agents and reactive monomers which are
characterized by the vinyl-group. They are widely used for the large seale pro-

’l';bl[e?. Epidemiological and experimental evidence for carcinogenicity of industrial
inhalants

Tabelle 2. Epidemiologische und experimentelle Nachweise fiic die krebserzengende Wir-
kung industricller Inhalace .

Carcinogens Site! Evidences?
: Epidenrio- Experi:
logical mental
Aromatic amines Bladder (1895) ++ +4
Arsenic . Skin {1820, + 4 ?
Bronchi {1951, / ++ -
Asbesios Bronchi (1935, ++ ++
Mesothelium (1955) ++ + +
Benzene ww... Hacmatopoietic system (1936) + ?
Beryllium Lung {1954) 2 +
Chloromcthyl ethers Bronchi (1968) ++ ++
Chloroprenc Skin (1972) + -
Lung (1972) + -
Chromate Bronchi (1936) ++ ++
' Nose (1953) ? ?
Coke aven fumes Bronchi {1971} - . N 2 + +
 Kidney (1972) T4 ?
Isopropy! oil Masal caviry (1946} + ?
Mustard gas * Bronchi (1925) * ++ +
Nickel Bronchi (1933) ©  ° ++ ++
Nasal cavity (1933) +4 -
Radioactive aerasols Lung (1879) T D+
Vinyl chloride . Angiosarcoma of the liver (1974)  + 4+ ++
Wood dust Nasal cavity (1951} - + -2

* Number in pa'rmrhcsis is the year the agent was first suspected ro be & human car-
'+ + = pstablished, + © soppestive, — = ncyuht,?
. 1o
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duction of inéxpc.nsiw: polymeric plastics and liguids, Chii\mmul.yl ciiiers, vimd
chloride and chloroprene (Fig. 2) are major representatives of this group of wda-
strial carcinogens. -

a-cn,—6-CH, d—CH,~0~CH,—Ci

Mecthylchloromethylether Bis(chloromethylcther
CMME _ BCME
o
|
Cl~CH =CH, CH,=C—CH=CH,
Vinyl caloride Chloroprene
ve

Fig. 2. Volatile industrial carcinogens.
Abb. 2, Fliichtige industriclle karzinogenic Stoffe.

Bis(chloromethyl)ether

Scientists at New York University repotted in 1968 and 1971 that bis{chlorome-
thyljether (BCME} induces tumeors in the skin of mice and bronchiogenic carai-
nomas in the Junps of rars which were exposed to concentrations as low as 0.1
ppm (32, 34, 53). Subsequently epidemiological studies on an industry-wide basis
in the United States have disclosed some 30 cases of lang cancer in association
with BCME and chloromethyVmethy! ether (CMME) (41). Among 14 cases in
the first report 12 had confirmed oat ccll carcinoma, four were younger than 40
years and none was older than 53 years, thus demonstrating that these chlorome-
thyl ethers are powerful carcinogens (14). In the US.A. BCME and CMME are
now recognized as human carcinogens (42) and their induserial use has been
practically stopped. Recently the possibility has been discussed that BCME may
be spontaneously formed from formaldehyde and hydrochloride. This applies
not only to certain industrial environments but also to the gencral environment.

Viryl chloride (VC). -

VC was also first found to be carcinogenic in laboratory studies and was then
shown to be responsible for inducing angiosarcoma of the liver and likely also w0
elicit bronchiogenic carcinoma in workers (50). Up to 1975 about 50 cases of
ahpiosarcoma were recorded among VC and polyvinyl chloride (PVC) workers
in thechemical industry, including a few cases in Germany (28, 50). Studies of
the enviromment of VC and PVC plants have shown pollution of the air up t
33 ppm of VC at a distance of 0.5 km {10). A recent study of cancer mortality
among populations residing near VC polymerizarion plants suggests an incseascd
risk of dying from CNS and lymphatic cancer (28), Today most VC and FVC
Factories must obscrve very strict standards of pollution conrol (USA < 1 ppm),
and air and weater effluents from these plants are monitored. Neverthedess, greater
preventive ciforts are needed, especially since the combustion of chlorine-contain-
ing organic makjer keads toI the formation of VC {22), )
B P 1- Le . .

o Benzene .. - ioro, '
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Farcinogenic, industrial iphalants in Table 2 include henzene. In 1974 the
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_ <% Deittsche : inschaft (8) and the International Agency for Research

= «oit Cancer (30) did not consider benzene as a caccinogen. In the meantime several

epidenziological studics induding owe survey of 28,500 shoe-workers (2) and onc

-, study on benzene workers (29) have suggested leukemogenic activity of benzene.
In this context it is of intcrest 10 note that according to a study in the United
States of Amcrica and in Sweden, chemises face an increased risk of death from
walignant Jymphomas and leukemia (35}, We concur with the US, Natiunal Re-
search Council which stated in 1976 “Based an available litercture, it can be con-
cluded that benzene may be associated with Ieukemia. Therefore, benzene must
be considered as a suspeet keukesnogen™ (51) In the US.A. 1 ppm is considered
1o be the standard limiv of exposure for benzene {30).

Coke Oven Efffuents

Coal tar was shown to be a skin carcinogen as early as 1875 by VOLKMANN
(54}. ECKARDTY reviewed the world literature on this subject in 1959 and estimated
the total number of skin cancer in coal tar workers to exceed 3,000 (9). The very
basic studics on coal tar by Coox et al. in 1933 which led to the isolation of
benzo(a)pyrenc as the first erganic carcinogen (7) were followed by many studics
which have shown that polynuclear aromatic hydrocarbons (PAH) are the major
carcinogens in coal tar (Table 3),

In 1936 sixty one cases of lung cancer were reported among workers of one
steed company in Japan {31). Since then, Jung cancer has also been observed in
coke oven and pas retore workers in England, the U. 8., Canada, and Norway (27).
However, it was not until 1971-72 that detailed background information became
avaitable for coke oven workers who devcloped lung cancer (37, 43). Ac thax rime
Liovp and his group found that these workers had a 2.5 times higher risk to
develop lang cancer than the general popufation, An especially high risk with 6.9
timcs that cxpected was found for the loaders on topsides of coke ovens.
Although data on smoking were absent, it is unquestionably clear from the study
that coke oven workers face higher risks of death from lung cancer.

A study of the high concentration of PAH in the coke oven cffluents during the
loading periods strongly supports the conecpe that carcinogenic hydrocarbons ot
lease contsibute to the high incidence of lung cancer (46). In recent years new
exhaust systems and preventive measures have significantly decreased the risk of
exposurc to carcinogenic PAH. :

The mexe step which is now undee way in the US.A. is the eavironmental -

pollution control of the cfflucnts from these coke ovens. Recendy, refatively high
concentrations of PAH have been found in the air of the surroundings of these
plants {11). Although it is not likely that the PAH-containing cfflucnes alone will
lead to an increased risk for branchiogenic carcinoma in nonsmokers, the contei-
burion of these actosols to the total burden with environniental carcinogens of
persons residing neac coke ovens musr be considered.

Asbestos

Aunotlicr example of combined exposure to two environmental carcinogens is
found in asbestos workers. Employees in the ashestos industry have long been
known to have a high risk for mesothelioma of the pleura and peritoneuns and a
somewhat higher risk for bronchiogenic carcinoms. HamMonD and Sruxorr
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Table 3. Carcinogens in coal far
Yabelle 3. Karzinogene Stoffe in Kohlenteer
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i kers face
documented in 1973 that ashestos workers who are also cigarctte smo
a significantly higher :isk.dctorhlun:d mnce:irgan the nonsmoking asbestas waorkers,
or cigarette smokers outside the industry . .

Ing:mnt years, several investigators have been comcﬂwd. : with d'lkz cxposnr o re :j
the general population to ashestos dwst fsom construction sires, bra :!n gs, 2
from polluted air in the vicinity of asbestos lactorfu. LANGER an Sr.u_:orsl
identificd chrysotilc in the lungs of New Yodk City residents without ocarpationa
expuasure {33). tic and HAN reported 38 cases of mesothelioma bem.'u:‘n \Ség
and 1968 in residents in Hamburg-Bergedorf where aty ashestos {actory s locate
(6). These observations make it possible to theorize that the inhalation of air

i i i isk of cigarerte
. ted with asbestos particles, may increase the Illl'lg cancer ris
: l:r‘::ll‘;(crs and workers cxposed to other -carcinogenc mh:.\hms cver fucther,
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lm-‘fr.xsul effarts should be made w proteet the workers, as well as the city
residents from ashestos dust exposure, since the material is still widely employed
as insulating material. .. A N L

Nitrosamines

- ‘Today more than 100 nitrosamines are known to be carcinogenic in experi-
lncl‘tl'.ll animals (38). Yet, we are still missing the direct evidence thar the nitros-
Smincs canse cancer i man. In view of the fact thar nitrosamines are carcinogenic
to the usual laboratory animals, as well as to monkeys, birds, amphibia and fish,
and because of similarities in the inctabolism of N-nitrosodimethylamine in human
and aniyml tissucs in vitro, there is 2 strong possibility that some nitrosamines
are carcinogenic to man.

These considerations alone dictate that grear cantion be excrcised in the indus-
trial use of nitrosamines and that these agems be excluded from houschold goods
and from food. The cxample, the carcinogenic N-nitrosodiethanolamine (38, 45)
has been fonnd wp to 3 % in synthetic and semisynchetic cutting fluids and up to
200 ppb in certain cosmetics (12, 13, 58). Epidemiological studies have not thus
far been undertaken o evaluate the role of this nitrosamine and certain volatile
nitrosamiues as possible risk factors in occupational environments.

. The thermal encrgy amalyzer (TEA) represents a new analytical tool which
increases our capacity to determine traces of nitrosamines in cnvironmental agents
down to 1071 (15). The application of TEA-techniques to the examination of
general and oceupational environmens as well as to detection of N-nierosamines

in body fluids will further clucidate our knowledge on the importance of nitro- - -

samiiws in carcinogenesis, In vivo formation of nitrosamines from amines and
nitritc is possible and-is also substantiated by a recent report of induction of
squamous ecll carcinomas in the lung of rats given high oral doses of hepta-
mcthylencimine hydrochloride and sodism nitrite (36).

Other Industrial Respiratory Carcinogens

It is certainly beyond the'scope of this discussion to present data on some or all
qlhcr known ot suspected industrial inhalants with carcinogenic  potential

. (rablc_Z}. For detailed information we refer ro the subject Literaturc (9, 27,44, 47).
\T:c will, however, cmphasize a few points. During the last few decades we
witnessed a significant reduction of the cancers caused by industrial agents alonc.
Despite the fact that, even in the most industrialized nations, occupational cancers

nceount for merely a few percent of all environmental cancers, we muse consider -

theic occurrence as a neglect of socioty.

A fresh approach of scicntists toward the elimination of occupational cancer is
nocded. For example, factorics with large volume production of plastics and other
poly_rncrs {nm teactive monomers with vinyl configuration may represent new
carcmogestic environments. This arca needs our attention. The cxposure of the
workforce, or even that of the general population, to small amounts of certain
specific chemicals alone may not represent.a carcinogenic hazard, however, these
trace compounds increase man’s burden with agents which have ta be detoxified
in vivo, or clse will induce irreversible cellular changes. Examples arc the signi-
ficanily higher risks for Jung cancer of uranium miners and asbestos workers who
arc abw cigareue smokers.,
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Aig Pollution

" Urhan air pollution may well sepresent another factor which comributes to tl!c
carcinogenic burden of man b industrialized countrics, The m‘!rc_t of atmospheric
pollution alonc on the induction of respiratory cancer is difficult 10 cvalvate
because of the oversiding cffect of cigarette smoke (44, 52). Lung cancer, how_cwr.
does occur more commonly in citics, and in fact, a committer oi_ the N:.mcmal
Academy of Scicnces estimated that urban dwellers may have twice as high an
incidence rate of lung cancer as those in rural arcas (39).

Fpidemiological Considerations

A number of rerrospective and prospective stadies have been concenred with the
relative influcnce and natare of the “urban factor® in the etiology of lung cancer.
It appears char the urban factor is not only a consequence of atmospheric
pollution, but also of several variables (Table 4),

Table 4. Contributors to the “urban facror”” in respiratory caccinopenesis
Tablle 4. Stoffe, dic bei der atmunpsbedingten Krebsentstchung zom wSeidtischen Fakeor™
beitragen

Moxte 2cenrate beporting and recordiag of death certificates
Higher degree of atmospheric pollution
More industrial cxposure
More cancer diagnoscd and treated
. Different immigration/migration pattems
Diflerences in sociocconoemic factors
Maore cigaeettes smoked

Investigations of these various contributions to the *urban factor™ in respiratory
carcinogencsis do not climinase the role of polluted air. Within cach urban/rural
grouping, lung cancer death rates increase strongly with cigarcrte smoking an.d
show always somewhat higher rates foc she city smokers (Fig. 3; 17). Atmos?hcnc
pollution appears to offer a reasonable explanation for the persistence in the
urban-rural ratio of lung cancer, .

It appears to us that air pollution contributes 10 man's burden with carcinogens
and, as such, may increase the risk to develop lung cancer for cigarette smokers
and possibly for asbestos workers (17, 49).

Laboratory Studies

The findings from bioassays and physiochemical studics are equally signiﬁcatft
to the cpidemiological data in rclating armospheric pallution to the pathogenesis
of respitatory cancer. The- chucidation of the mechanisms Jeading to lung cancer
indaction remains primarily the domain of the physical and biological scicnces.
In énvironmental carcinogenesis, demonstrable paralledlism between epidemiological

data_and laboratory findings add to both. Carcinogenesis bioassay dara from
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Fig. 3. Ape-standardized rates for well cseablished cases of bronchiogenic carcinoma, by
rural-urban classification. Rates for cigarctre smokers are compared with those for men

wha never smoked repularly (17).

Abb. 3. Alcrspenormte Werte fiir nachgewicsene Fille des bronchogenen Karzinoms,
nach einer Land/Stadt-bezogencn Einteilung. Die Hiufigkeitswerte fiir Zigarettenraucher
werden mit denen verglichen, dic bei untegelmiRig rauchenden AMinnern aufteaten (17).
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mammalian species with air polfutamts lead support ta the concept that air
pollution represents one factor in the increased risk of urban dwellers o develop
lung cancer. Above all, laboratory studics offer the possibility of reducing the
emission of patentially harmful carcinogens into our envisonment.

Extensive studies in many laboratories have shown that the particulate mateer
of urban pollutants contains the majority of the respiratory carcinogen (8.

Yor the idendification of the carcinogens, the organic particulare mater of aic
pollutants sampled in a number of cities was fractionated (Fig. 4).

The tatal organic matter and the aromatic, neutral subfractions of these air
pollutant concentrates induced papillomas and carcinomas in the skin of 50-95 ¥
of the mice. The insoluble and acidic portions and the aliphatic and oxygenated
ncutral subfractions were inactive as complete carcinopens. The basic portions
were not tested since they amounted to only 0.55-3.4% of the toral organic
matter.

A detailed chemicat analysis of the aromatic neurral subfraction revealed the
enrichment of practically all of the PAH from the cotal particulates in this sub-
fraction and also revealed the presenee of at least six known carcinogenic PAH in
the organic pollutants. In the bioassayed orpanic particulates from four different
locations in Detroit and New York, the concentrations of the strong carcinogen,
benzo{a)pyrene (BaP), varied between 0.011 and 0.035 % and of the weak
carcinogen, bemz{a}anthracene (BaA), varicd between 0.017 and 0.06 %, Using
chemically purified BaP as positive control, we estimated that 4555 % of the
carcinogenicity of the total organic particulates and of the aromatic neutral sub-
fracrions could be explained by BaP alune.

From the bioaszays of tiw organic particulates, one can conclude that polluted
air contains trace amounts of carcinogens. The most important types of these
carcinogens are the active species of the PAH group. BaP is the most active
compound of this group. Minor carcinogens are aza-heterocydlic hydrocarbans
and certain types of epoxides and peroxides. However, the total amount of
carcinogens in urban pollutants is very small. The highest amount reported for the
U.S. is 74 pg BaP in 1000 m? polluted air. Taking this value, if one stayed outdoots
for 24 h, theee would be approximately 0.9-1.5 ug BaP in dw air one breathes
{11-20 m¥). The average value for 2 U.S, city is more near 0.07-0.12 prg. These
very low values certainly appear in line with the human data showing only stightly
clevated lung cancer risk for the uchan nonsmoker and a somewhat more clevated
lung cancer risk for the urban cigarctre smoker compared with rural cigarcetie
smokers. Whatever the demonstrated increase in the relative risk factor for lung
cancer caused by present day urban pollution, the established prescnce of poten-
tially harmful carcinogens in the atmosphere should increase our cfforts to remove
the agents to whatever degree possible,

Somnrces for Atmospheric Carcinogens

Catcinugmi\c PAH are formed primarily dusing the incomplte combustion of
organic marer'by a fow distinct mechanisms. The prevailing pyrolyric coute for
PAH is the initia} formation of C, H-tadicals in zones with highly clevated tem-
peraturcs: (> 500 °C) and the subsequent combining of C,H-radicals to the
- thermodynamically preferred aromatic hydrocarbons including those of carcino-

genic hydrocarbons with four to six condensed aromatic rings (Fig, 4). This roure
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i enhanced during the burning of precursors with an aromatic ring system. Thesa

daza suggest thar all combustions cant coneribute PAH 1o urban pollution, '
Tt fus been estimared that in the US.A. alose 880-1,000 metric tons of BaP

are emitted anuually into the environment from combustions (Table §; 39).

* Although data for other carcinogenic hiydrocarbons are presently lacking, we can

assume that sheir total emission cxceeds that of BaP by at least 3-5 times.

Fablc 5, Estimated benzo{a)pyrene emissions in the United States { 197231
Tabelle . Geschiitzte Abgabe von Benzpyren in den Vereinigten Staaten (1972)

Source type Enmissions MTfyr

Stationary sources

Caoal, hand-steoked residential furnace
Coal, intermediate-size units 303
Coal, stcam power plants LS |
Oil, residential through stcam power type 2 f
Gas, residential through steam power type 2
Waad, home fireplace as
Enclosed incincrarion ~ apartment through musicipal 3
Vehicle disposal 25
Forest and agriculture 1
Other open burning 10
Petroleum, catalytic cracking 310
Asphale air blowing . <1
Coke production (0.06}-170
Muobile source (20-25 MT fyr)?
G?solinc-powered automobiles and erncks 1"
Dicsel-powered trucks and buses <1
Tirc degradation ‘ 1
' U. 5. Environmental Protection Agency, 1974
* Other estimates 40-50 MTyr (.3'? e

The nation-wide estimates cannot be applied to individual areas. For exa

;hﬂmapr emission sources for the coal mining and sieel’ producing states are“c?:: .
irey furnacu,.cnal n:_{us; _Ivuming and coke production, In our major cities, motor
vchu.:lts contribte sigificantly o the PAH atmospheric butden. This applics
specifically to downtown areas of New York City and Los Angeles. The only
rn:uor vehicle da.u availablc for Detroit show a surprisingly small contribution of
5 % of the BaP in the downtown arca, 15 % of which was located in the freewa
arca and 42 % in the suburban atmosphere (25). Y

Reduction of Atmospheric Cascinogens )

In recent years, some progress has been made in reducing urb. i
l.’ondon represas one cxample of such progress after her citizen : gs suffact:cdpzll::’:t:;‘;
air pollution episodes in 1952 and 1962. Since then, the British Government and
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the city have enforoed strict regulatious fur industry and a chabge from coal @
oil heating for private and public housing. The United Kingdom has, furchermmore,
made cmission control devices mandatory. The maximal emission values for motor
vehicles per km are 4.2 g of bydrocarbons and 48 g of carbon monoxide; the US.
standards are 2.1 g and 24 g, tespectively (3). These regulations led ta a significant
reduction of gascous air pollutants, especially of the cilia-toxic sulfur dioxide as
well as to a reduction of pacticulate mateer, including that of carcinogenic hydro-
carbons (4).

In the US., many communitics and countries have enacted new ordinances
which sct Tircits for the sulfur content of coal and heating oil. Industries have
shown initiative in controlling the cmission of pollutants. Nevertheless, new
control measures are stifl needed. As discussed under “Sources for Atmospheric
Carcinogens™, coal refuse burning represents still a2 major source of atmospheric
pollution in the coal-mining states. Coal refuse is 2 major by-product of the coul
mining industry resulting in large dumps or heaps of racks inteemixed with small
picces of coal. Unfortunately, on occasion, these dumps can sclfignite and emir
very dense smoke for weeks. Hopefully, the miniog industry will increase the use
of caal refuse for filling abandoned mine shafes or find new applications for this
by-product and thereby reduce a major source of armospheric pollution. .

In the last decade, some cars have been cquippied with emission control devices.
These devices have been estimated to reduce the emission of PAH by 85 %
(Table 6; 39). The central reason for the lower PAH yields from current emission
controlled vehicles is the shifting from rich carburation (2.85 %/ carbon monoxide)
1o clean carburation (0.9-1.4 % carbon monoxide). However, aging of an internal
combustion cngine can increase PAH emissions. HanGEsRAUCK et al. ceported
five times the Bal cmission for a car after 50,000 mi of operation (19).

A significamly higher emission of PAH also corretated with an increased oil
consumption (Table 7; 26). Hopelully, future developments will make annual
cmission rate inspections mandatory in all states for cars, trucks, buses, and mo-
torcycles. The measure should significantly reduce atmospheric pollution in urban
communities,

In recent years, the public has been increasingly concerned with the emission of
lead from gasoline engines, which brought about the introduction of fow-lcad
fucls. In order to keep the anti-knock number high, the aromatic portion (benzene,

Tabl: 6. Automotive benzo{a)pyrene cmission factors (19)
¢ Tahelle 6. Benzpyren-Abgabefaktoren fiir Kraftwagen (19}

Source Benro{a)pyrene
. Emission factors
v . (rg fgal of fuel consumed)
Uncontrolled car {1956-1964) 170
1966 Uqcmtrollcd car 45-70
1968 Entission-controlled vohicle 20-30

.= Advanced systems <10
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"able 7. Emission tates of polynudear aromatic hydrocarbons from a gasoling engine

Tabwhe 7. Ahgabe fia ‘zy belise i ¥
m"mﬂ;‘ (ls)hy werte fiir polyryklische art?nmllwhc Kohlenwasserstoffe bei Benzia-

“Tat™ emission - | .. “Tar™ analysi
E&Mr)  (g/gal fuch) BaP= * GB:S:.fppmll'"m Fluor-

anthene
Standard run? 44 22
Run with high il " e s
consumption® 10.2 4.3 566 915 b 10
* 1 gt/1600 mi.
29 qe/200 mi.

* Quamitaive values {1 5%) determined by

and Bk o oo isotype dilution teehnique ysing BaP.6-Ch

benzofa)pyrencs BaA = benz(a)anthcacene

Table B, BaP and BaA Emissi . )
Facls cd, (15) and BaA Emission Rates from a Gasoline Engine Operated with Diffcrent

Tabclic B, Al ' i
stoffen babewerte fiir Ral und BaA bei Benzinmotoren mir experimentelien Treib-

Fuel

{rp) BaP (g} BaA
Gasaline %6 17.3
2,3,4-Trimethylpentane 26 0'8
2,4,4-Trimethy I-pentene B 67 0.4
50% o-Xylene plus S0% benzene 258 5.3
5% 2,4,4-Trimaethylpentane plus ' )
5% isop_cﬁr_anc ples 0% xylene .0 3

One-minute rim. .
BaP = benze{ajpyrene; BaA = benz{a)anthracene

toluene, and xylenes) in some of th

i t 4 €SC Iucls hﬂs becn signifi i
‘;Hn::zzl engincg opc.rafcd only on aromatic fuels havin :i:;:::;r':gﬁfi ix .
cisnes bt i Sl ). The secen pracies of smbesing o
will eventually reduce the aromatic mi:l:n':lkggls. ] 2dding it to gasoline

Tabacco Smoke

For mwwe than 2 quarter cemusy, epidemivlogi
tflb;ll.:co fmol:im; wyith lung mmy('zz;., llu:::gs'::n‘iii: tﬁnl::':b?:nh:"w'y ::'::jkcd
:::; i::d rf?;': ]frt;r lung cancer when cigarcttes with reduced “tar” yicl(‘!m;;:ve b:ecr;
) years o more (56). It is the purpose of this di i
less harmful cigareree in tems of its chemistry and biolu‘gsia‘f?;si:‘;:'yt:nd:fx:::

4
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of progress already achicved, as welt 25 in regard to futare devcloprwnes in wme-
thods of prevention of cancerous discases rehated to simoking. We have to re-
cognize that educational cfforss and smoking cessation techniques are only par-
tially successful. In addition, datz have dearly indicated thar the Jower the olu-
cational status of an adult the more likely he or she is to smoke. We have to face
the teality, therefore, that in decades to come, we will have tens of miltions of
cigacctte smokers in the US.A, as well s in the BRD, On the basis of these
considerations, we concur with the statement by Dr. G. Gowt of the U.S. Nacional
Cancer Institute “to lcave millions of smokers to theie fate is neither humane nor
economical” (16). The answer, thercfore, for these people who continuc to smoke
is the “Less Harmful Cigarette™.

Tumorigenic Agents in Tobacco Smoke

The development of the less harmful cigarerte will be based primarily upon our
knowledge of the toxic canstituents of robacco smoke. The predominant role of
lung cancer among smoking-related discascs has focused attention on the carcino-
genicity of tobacco smoke. Animat studies conducted in mmerous countrics have
demonstrated carcinogenitity for cigaretic smoke and mainly for its particulace
matter, commonly knowt as “tac”. Fractionations and bicassays have revealed
that tobacco smoke contains trace amounts of carcinogens, which act as tumor
initiarors, cocarcinogens and organ specific carcinogens (Tables 9 and 10; 13, §7).
Whercas, most tumor initiators in “rar” have been ideniified, current studics arc
directed toward determining the chemical naturc of the neutral and weakly acidic
cocarcinogens. Several of these compounds are tobacco specific, and their pre-
cursors in the tobacco leaf can be sclectively removed through the breeding of
new tohacco varieties andfor by extraction and treatment of the tobacco.

Since litde is known about the organ-specific carcinagens in tobacco smoke,
their role in tobacco carcliogencsis needs to be examined. It was shown that -
bacco proteins give risc 1o waces of scveral aromatic amines in die smoke. Com-
pounds of this type are known animal and human bladder carcinogens, p-naph-
thylamine being the best known repeesentative of the group.

The presence in the smoke of volatile nitrosamincs and nanvolatile nitros-
amincs, such as the tobacco specific N'-nitrosonornicotine, which are detived from
tobacco alkaloids, appears to be an equally important factor. These compounds
do not exist in fresh, green tobacco, but their formation occurs during tobacco
curing as well as during smoking {20). Nitrosonornicotine is an organ specific
carcinogen which induces esophageal tamors in rats as well as lung tumors in
mice and in Syrian golden hamster (20). Other tobacco specific nicrosamines asad
their carcinogenicity are cursendy being studicd.

Redxction of Tumorigénicity and Toxicity of Cigarctte Smioke

“The formation of organ specific carcinogens ducing tobacco curing, their par-
tial transfer into the smoke and their formation dusing smoking provide a frame-
work for inwrvention towards their reduction in the smoke. These cffons are
still in their carly stages. Significant pragress has been achicved in the vonsclec-
tive reduction of “tar” and nicatine, in the sclective reduction of several carcine-
genic and cocarcinogenic agenss and of toxic smoke constitwenrs such as carbon
monoxide and hydrogen cyanide. ’
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. Table B. Major toxic agents in the pas phasc of cigarettc smoke! (Unaged)
- Tebelle 9. Gréere mxische Sroffe In der Gasphase des Zigarettenranchs {ohne Alterung)
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Tablc 10. Major toxic agents in the particulate matter of cigarette smeke® (unaged)
Tabelle 10, Gri€ere toxische Stoffc in den Partikeln von Zigarcteentawch {ohne Alterung)

- AT TR s aet i e :".ht't“'""_%

. Agenx ii"!‘?i‘:l Eoncmél:rlon in | Gigarette . : i) c cration in 1 Cigarette
ctivity ange Reported U.S. Cig/! Agent ﬁ‘z‘:‘ﬂ:ﬁ Raan“gacc'“llcpo cted U.S. Cig.?
Dimethylnitrosamice C 1 -W0ng Bog
Echylmethynitrosamine (o 0.1- 10ng 1.8 ng -3
Dicthylnitrosaminc c 0 - 100g 15ng Benzo{a)pyrene b as _ S(z, e K cue
Nitrosopysrolidine c 1 - 4ing Ting 5-Methylchrysene - s - 40.: 10 ng
Other Nitrosamines (4 compounds) C 0 - 20ng 2 Benzofj)fivoranthenc Tl . - "0 e 10ng
Hydrazine c 24 — 43ng g Benz(a}anthracene T P e ’
Vinyl Chloride C 1 - 16ng iing ‘ Other PAH (>- 20 compaunds) T 3 0 :
Urcthane T 10 - 35ng 30ug Dibenz{a,jlacridine n 3 - nR ’np,
Formaldchyde CT, CoC 20 -~ %pg 30pg Dibenz(a, hjacridine ki 07 0.7 ng
Hydrogen Cyanide Cr, T 30 - 200pg Nogg ) Dibenzolc, gicacbazate L . "E lﬁo.n
Acrolein CT 25 - 1404 70ug ' Pyrcne CoC s -:0(1 - l-"D °
Accraldehyde cr 18 _1400pg 800 g . Flunranthene CoC 30 —_5.0 e ;0 :g
Nitrogen Oxides (NOy)! T 10 - 6004 350ug - Benzo(g, hyilperylene C‘uc 10 - olng . s £
Ammonia ™ 10 - 1504 60 Other PAH (- 10 campounds) CaC ? " (
Peridine ™ 9 - g 104 | Naphthalenes CoC A e
Carbon Monoxide T 2 - 0mg 17 mg 1-Methylindoles CoC 93 - O i
i 3-Metliylcarbazoles CoC 0.005- 0.2xg 0lre
! May also contain such carcinogens as arsing, nickel carbonyl and possibly volatile ' Other Neutral Componnds CoC ? ?
chlloll;iinamq olefins and nitro-olefins, R o l’ Catechol CoC 40 -160ng 0
mrc?mc:: ::cﬁr:::::smg ::;cnt;'l' '.“iﬁ umt,t c ren; Tl tumor initiator; CoC : 3. and 4-Mcthylcatechols ColC 30 -~ 40xg Jiﬂt‘,
2 85 mm cigarctte without filter tip bought on the open market 1973-76. : Other Catechols (2> 4 compounds) CoC ?
¢ NO, >-95% NO, rust NO,. : Unknown Phenols and Acids CoC ! 2
* Not toxic in smoke of blended U.S. cigacettes because pH < 6.5 and therefore am- : N'-Nitrasonornicotine C 100 -250ng 150 ng
monia and pyridines are present only in protonated form. ‘ Other Nonvolatile Nitrosamists C ? ?
! #-Naphthylaminc 3C ‘: - Brng 2(:“5
. Bc 1 4
Undsirable tobacco smoke constituents can be reduced through the climina- 0;!;:1' Am:?:: 2;2!.“’ inds BRC ? ?
tion of precursors by selection of sperific tobaceo varicties and plant components, g nown 210 pot c 003 - 13pG ?
also by sclective filteation. Dose reduction can be effected by smoke dilution f P“.Im“m'"l Cc 10 -600ng ?
thiongh aiv filtiation, or by reducing inhalability. Table 11 presents the major Nickel Compounds s -7 s
methods which have been employed in an cffort to reduce the biological activity ) Cadmium Compounds ¢ lsng ;
of cigarettc smoke. New concepts continue to emerge and together with the pre- L Arscnic ¢ - -.I'g
sently available technigues, they will furthes reduce the harmful effects of tobacco Y Nicotine T 01 - Ome 1.3 m&
products. Minoc Tobacco Atkaloids T 0.01 - O2mg 0.1 my.
Whether progress has been made in reducing the smoker's risk by modification : Phenol . Ccr 10 -200pg $50e
of the commercial cigarette can be measueed to some extene by chemical analyses Cresols {3 componads) cr 0 -150ne 7ore
cal surveys. We would predict increasing consumer acceptance of low “tar” brands, \‘ ;
particularly if they could provide sufficient *satisfaction™ for the smoker. Flavoring ; ! Incomplete list, ' .
ageats derived from tobaceo, from symheic compounds andfor mixtures of plam ' % Abbreviations for Biological Activity, see foomote2 of Table 3.
extracts, enhance consumes acceptance. Such nontobacco flavor additives and.

-8 Sec footacte 3 of Tablc 9. i .

. -9 TblReln. Hre. L Ala, Orie 3 166

. " . . .-, . : - p -

‘s Lo s 7 P e At

- \ > N o P e '.l' i. wv 2 1A

et L. ‘« . e = e i dar et R lh AN T e,

and in bioassays. However, ultintate confirmation muse come from epidemiologi- l
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Table 1), Reduction of biologiatl activity of cigarctte smoket
Tabelle 1), Verminderung der hiologischen Akuivitit von Zigarcttenrauch

Mcthod “Tar™ Nico- Bal Sclect. Biolog. Reducrion
‘ tine Carcinogen  Pramoters

Agricultaral Aspects
Tobacco Varictics

(Bright-Rurley) + + + + +
Nuw Tobacco Cultivars + + + ? ?
Lcaf Positions + + + ?
Sclection by NO,~ + + + + ?
Tobacco Processing
Extraction:
Organic Solventse + + + + P)
Cut * + t +2? ?
Stems + + - ++ ++
Reconsticuted Tobacca
Shects (RTS} * + + + + +
Recomstituted Tobacco
Shects (Paper Process) + + + + + +
Expanded Tobacco ++ ++ ++ +2
Cigarette Production
Porosity of Paper + + + * ?
Perforated Filters + + + t S
Ccllulose Acctate Filter + + + + *
Charcoal Fileer® + + + + +
Additives: NO,» + + + + +
Tohacco Subistitutes + -+ ++ + ++ )

! Reductions: + 4 > 50%; -+ significant; & insignificant; * ? questionable; ~ in-
crease; ? unknown,
t Data given for reconstituted tubacco sheets relate to those not made by tbe paper
o8NS,
. Reductions of “tac™, nicotine, and BaP are in general greacer with cclln]osc acetare
filters than with charcoal filters,
& Lowcosl sralk position highesr reduction
& Only of academic interest
¢ Some RIS give high CO . N

their combustion products require testing with respect to their biologic activities.
We ltave emphasived the importance of such testing for 2 number of years since
there is a dearth of information in this arca. Concerted cfforts of governmental

agencics and institutional and industrial research groups are necded to stady these
aﬂn.i.l.. so that the least harmful product can be offered to those who continue to
smuke. .

Tln. hua from K. H. Weger in Fig. 5 and 6, are for sales weighted average

? and micotine delivery of US. and German ctgntcttcs {55). A gradual

n.\luu.tmn of *“tar” and picotine has occurred, not only in the USA,, but also
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Fig. 5. USA. Sales weighted average deliverics of total condensate {dry) and nicotine pex
cigarette 1954-1975 (55). . ,
Abh. 5. USA. Umsatzbewertetc Durchschnitrsabgaben von Gesamtkondensat (troc cn) un
Nikotin pro Zigarerte 19541975 (55).

Fig. 6. Germany. Sales weighted average deliveries of total condensate and nicotine per
cigarette 1961-1975 (55). ) y
Abb. 6.Deutschiand. Umsarzbewertete Durchschnittsabgaben von Gesamtkondensat o
Nikotin pro Zigarcete 1961-1975 {55).
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7. USA. Wim concentration of benzo(a)pyrene in the condeniate of 2 leading
Pim‘t;ﬁ!m-c@mte (HoFFMANN, 1952-1975).

" Abb. 7. USA. Abachmende Konrentration von Benzpyren im Kondensat ciner fithrenden

ﬁltedmm Zgarcuc (Hossmun, 1952-1975),
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. in Austria, Canada, the Federal Republic of Gcrm:n. Fi :

Austria, - ; ys France, Japan, Sweden
Swmcrl:l!ul, the Uniied Kinpdom and other omultrics.' Fig. 7 dn;'ml:m.:,tralcs the,
t[muc in benzo(a)pyrene values in the smoke of a popular representative U.S,
dgarere since 1953. Benzo(a)pyrene has been chosen to indicate the levels of
mmo':gcc;:c'inlycyc!:ic ‘I;Zdrucarbom in the smoke, and its reduction can be
corrclated with a steady decrease in einonigenicity of “sar™, # q i
1950 (Fig. 5). R °“8¢l\lfu‘y; ’ sar”, in ULS. ciparettes since

Incorporating all available techniques in cigarette manufacturin,
. ¥ and m-
ng t!:;u: nane of the flavor additives induce additional toxic effccl‘ss, we par:‘:osc
certain limies ‘for smoke components for 2 less harmful cigaretie (Table 12).
Some of the cigarcttes sold in 1977 have, at least in some specifications, reached
the suggested levels. We mwust realize, however, that these cigareties constitute
only.:l smoall percentage of current total sales. The data in Table 12 are to he
considercd as a starting point for discussions. It is imperative that additional
:‘n;ku components be evaluated in the continuing search for a less harmfut ciga-
2] 1)

Table 12. Maximum concentrations of some selected toxic agents in the smoke
Tabelle 12. Max, X i iniger ausgewihlter Gifestoffc im Rauch

Toxic Companent Maximasl Proposed
Concentration
Total Particulate Matter? Bmg
Nicatine 0.6 mg
Carbon Monoxide 6 mg
Hydrogen Cyanide 100 g
Benzola)pyrene?® 8 ng
Dimcthylnitrosamine? Sng
N’-Nitrosonomicotine 60 ng
Catechol 50 pg
Phenol Wpg
Acrolein® 30pg
Oxides of Nitrogen 100 ng

* Total Particalate Maweer ~ Tar - Water ~ Nicotine,
* Serves as indicator fur tumorigenic PAH,

3 Serves as indicator for volaile nitcossmines.

* Scres as indicator for srganic cilia taxic agents.

Conclusion

In sunvmary, we wish to stress that msatiou of smoking is -
» 1L ‘bc beu opl, b
a less barmful cigarette must be realived for millions of current and [ufu::";mz-r 1
kers, and for those who do not want to give up smoking. It would be irresponsibie’

to leave 1hose millions of current and futur #
K e smoke i is i
neither bumane nor just. ! f il tbe'” fete, since this is

a
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