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Carboxyhemoglobin in Relation to Smoking

Trropore J. Corenrey, M .D.;} Chief Medical Le-
aminer—Coroner, Los Angeles County, Los An-
geles, California 90012

THE main thrust of the Confercnce and the

tenor of discussion in the general sessions and in this workshop have been
to review and analyze the various agents in tobacco smoke with regard to
their potential threat to the health and well-being of the cigarette smoker.
The evidence already presented has dealt largely with those effects of cer-
tain components of tobacco smoke as they relate to such problems as myo-
cardial infarction, blood coagulation, and carcinogenesis. What can be
done to reduce such hazards as “tar” and nicotine, thus leading to the
production of a less harmful cigarette, has been discussed. =
- This afternoon’s workshop seems to me to be a variation on the general
theme, being in the nature of a movement written in a minor key. It has
“dealt with certain components in tobacco smoke, e.g., nicotine, ‘whose dele-
terious properties have not been experimentally and clinically established,
but which are nevertheless under various degrees of suspicion. Therefore,
these components must be examined in the process of writing the score
- for the orchestration of Dr. Wynder’s symphony, entitled 7'oward a Less
- Harmful igarette. ALt TR T T e L .
- Carbon monoxide (CO) is one of these components of tobacco emoke
that has long been suspected of being harmful and, hence, has received :
- much study over the years. it LS Loy g o 2 : B
~ The problem of CO as a harmful constituent of tobaceo smoke raises two
questions: T EIGT N S g
2o de Does -the'.{ﬁn;ﬂunt of CO in the blood differ between the smoker and nonsmoker?
. 2. X{ more CO is present in the blood of the sa;uoke:,_dt?es it produce either func-
. tional or structural pathological ‘changes? Are such changes demonstrable by
ek mmm,ﬁﬁg’. _¢linical, or __ln"bbrn.t_oryl gﬁd;ence_, and scan they t‘;nprtz_‘fnye: be-
L pistned t be detrimenta) to the heatil of twell-ielng of thie smoker 4 3 frue.
 inthecase of othier components of tobacco SmOke? . :

' Thereis sbundant evidence in the literature to answer unequivocally the
 question of the difference between the CO blood level concentration inthe

o
5
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smoker and nonsmoker. The article by Larson et al. (1) is replete with
references covering studies over the past 50 years of CO Dblood levels in
smokers and nonsniokers under various conditions, as well as the effect
of various quantity levels of smoking on the CO blood level.

Numerous studies on the normal blood level of CO in the nonsmoker
show ranges from 0.5-2.8%. In our study, we used 1% as the normal level.

The data to be presented on the amount of CO in the blood of smokers
are a good example of serendipity. Originally our study was aimed at
determining whether there was any correlation between {he postinortem
CO blood levels of individuals handled by the Lios Angeles County Medical
Examiner's Office and the CO level of the ambient air at the time of death.
We were not considering the canse or mode of death, but were looking for

a way to use the CO blood level as a daily indicator of air pollution in
the Loos Angeles basin (text-fig. 1).
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TEXT-FIGURE l.mDiStributian median of CO in blood of cigﬂrette—oﬁlj*" smokers and
- nonsmokers. | | | '

A_'Eter Malyzing our data, we observed a signiﬁcant-ﬁssncia:tidn; which,
however, was not noted for every location of the monitoring station. Gold-

- smith ez al. () who had studied the blood CO levels of longshoremen in
- San Franeisco in relation to their smolking habits suggested that the col-

i Jected data be used to study the smoking habits of this postmortem .

~ of the study group (9). To determine the smolking habits

~ data were correlated with 1) the CO

- The1,0%8 persons were
.~ Ingex-smokers and persons who never smoked), and 9) smolkers. Thess

population. © o0 L0 |
~ From November 1-June 30, 1961

; 2,207 cases were. surveyed, and the
AR i concentration of the ambient air at
certain monitoring sfations in Los Angeles and 2) the smoking habits
of the group, a

questionnaire was mailed to the next of lkin, when known, or to & known

- informant. This reduced the group to a total of 1,878 porsons, from whom

we received usable smoking histories for 1,078 persons. -

divided info two groups: 1) nonsmokers (includ- -

s M2 e A
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two groups were further subdivided into (@) those under age 65 and (0)
those over age 65. The blood CO levels in the entire group ranged from
0~11.6%. Over 80% of the nonsmokers, regardless of age, fell in the 1%
or less CO level. A blood CO level of 5%, regardless of smoking habit, was
considered abnormally high.

Forty-six persons had values of 5% and all of these were smokers, ex-
cept 8 who were ex-smokers. Only 7 of the 46 persons were age 65 or over;
in other words, 85% of the persons were in the younger age group. Further-
more, with the use of 1% CO as the normal blood level for nonsmokers,
62% of the nonsmokers had less than this level, whereas only 22% of the
smokers had values this low (text-fig. 2). Also, the smokers tended to have
a much greater frequency at the extreme values of more than 4%. More-
over, smokers over 65 years old had almost twice as high a percentage
value under 1% as the smokers under 65 years (text-fig. 2). The interpre-
tation of this finding offers room for speculation, with one possibility
being that older smokers might smoke less than their younger counterparts.

Another interesting fact gleaned from a study of the observed median
CO values is that the values of male nonsmokers were greater than those
of female nonsmokers by a factor of nearly 2. On the other hand, for
smokers, the distribution by sex did not show consistent dlﬁerences.

That there is a direct correlation between the height of the CO blood
level and the number of cigarettes smoked 1s a well-established fact;? as
demonstrated by Goldsmith (2) in his study of a group of San Francisco
longshoremen (text-fig. 3). This is seen in the graph of percentage cumu-
1a.ti_ve, frequency of e,xpired CO measured 1n ppm as I'ela,ted to the smokmg _

habits of his study group.
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TeEXT-FIGURE 3.—Distribution of expired CO in longshoremen, by smoking pattern:

ILWU study, 1961. *Percent carboxyhemoglobin concentration based on regres-
sion: COHbY = 0.21 4 0.19 X (CO ppm). _

The graphs of Goldsmith’s cases of live persons and of our cases show
very good correlation in the CO expressed in ppm of expired air with that
obtained from a study of postmortem blood expressed in percentage terms
of carboxyhemoglobin concentration.

Goldsmith did not correlate the CO blood levels with the general health
of his subjects; and obviously in our serles, we were denied that opportu-
nity, since the deaths we studied included those from nsatural causes dus
to disease and also homicidal, suicidal, and aceidental deaths. In point of
fact neither of these studies answers the question “Is smoking dangerous
to health?” | | = i

- Fortunately, there is good evidence available which bridges this gap,
namely, the study made by Sievers ez al. (4) of the effect of exposure to
lmown concentrations of CO on a group of 156 police traffic officers, be-
tween 82 -a-nd__51 years old, who were aSSigne.cl to duty in the Holland Tun-
~nel for a P?Eiﬁd G_f 13 years. These officers were eﬁrpoised to an _gvarﬂge of
70 ppm of CO, which is equivalent to 109% (COHDb saturation), with brief
- exposures up to 200-300 ppm at times and with the heaviest level for a
> . 24hour period of 86 ppm (14% COFb). Infrequently, the CO level ex-
Ty W ceeded 200 ppm. (32% COHb) and rarely rose as high as 300 ppm (40%

- GOIIb) fﬂlﬂf%\? minutes ato time. .
. This study on police traffic officers is particularly valuable for the pur-

o pﬂseﬂftlusworkslmpj for it demonstrated that these men showed no
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evidence of injury to their health, as determined by serial physical ex-
aminations, blood and urine studies, EXG tracings, blood pressure read-
ings, and neurological examinations. In this latter connection, an excellent,
test for judging the integrity of the nervous system was the pistol marks-
manship record of these officers. The Port Authority pistol team was
composed of 7 officers, 6 of whom had tunnel duty, and the team consist-
ently finished in first or second place in formal competition with pistol
teams from other police organizations for 7 consecutive years.

Even more pertinent to our charge at this time is the study of the
smoking habits of the officers in relation to their blood CO levels. Vari-
ation in the entire group ranged from 0.5-13.1% saturation, the highest
values being obtained in those who smoked and were stationed on the
upgrade section of the tunnel and who were exposed to atmospheric CO
readings slightly above 100 ppm (16% COHb saturation) for a 2-hour
period in contrast to the average daily value of 70 ppm (10% COHb

saturation).
What appears to be the most significant observation in this study of

trafic officers in the Holland Tunnel is that the blood CO Ilevels of non-
smokers in the tunnel on the average exceeded those of smokers in an
environment free from any occupational exposure to CO. Since these
men remained healthy after being consistently exposed for 18 years to CO
levels appreciably higher than those found in tobacco smoke, the con-
clusion then is inescapable that smokers with CO levels that lie well

within these same ranges are similarly unaffected by CO.
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Selective Removal of Components of Tobacco
Smoke by Filtration!

T. Warrer Georar, North Carolina State ?ﬁi@ﬁ?ﬂ-e
sity, Raleigh, North Carolina 27607

THE smoke yield from cigarettes is a compli-
cated substance containing a number of physical states of matter. On one
hand, there are low-boiling molecular species in smoke which vary con-
siderably in molecular weight (e.g., materials such as water and extending
to relatively complex equally volatile organic molecules). Many of these
are probably present in the smoke stream as fairly typical real gases. On
the other hand, there are more or less well-defined aerosol particles vary-

- Ing from liquid to solid. In some instances the aerosol particle contains a
solid core and is surrounded by a well-defined liquid layer; in others, the
aerosol probably approximates a classical liquid drop. In particles met in
Treshly formed, diluted smoke, the diameters have been estimated to lie
between several hundredths of 1 x for the very smallest tol p. As produced

- by the tobacco combustion process, between 10° and 10 particles exist in
each e¢m® of freshly formed smoke. ‘The particulate material including
water from all sources constitutes about 10% of the weight of all material

- In a puff of cigarette smoke. Typically the weight of the aero'_sol matt'er_is'
of the order of 50 mg per cigarette when cigarettes are smoked in standﬁ;rd_ =
fashion with mechanical smoking machines. The weight of all matter in-
 the puff, which usually is inhaled by a cigarette smoker, is approximately
500 mg per cigarette. It is composed principally of the permanent gases
- of air, namely, oxygen, nitrogen, and carbon Hrogide:: oo e il aianad,
At the time vea] smoke streams enter the filter, much of the smoke sub-
. stance is not in thermal or chemical equilibrium, but is moving inand out . .
~of the aerosol phase of the smoke. This unstable matter may be termed
- “volatile.”® This material is condensable in appropriate traps and is probe s s
~ ably completely gag:g{)m for measurable times after formation in the com-

' AThls mansmecript containe matesinl selcoted from & piper by the author and C. M Kelth
. eutitled “The Setective Filtration of Tobacco Smoke” chapter X1, fu Tovaceo and Tobaccs . -
 Bmolety B, L. Wynfer and D. Hoftmann, published by Acnfemic Press Tne, The reader should

. ¢onsult fits paper fordetatied referchces anfl #d@tional dnformation. - o o
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bustion zone. Later, as it enters the filter, the bulk of the volﬂ_tile sub-
stances is probably in the form of precondensation nuclei of quite small

dimensions intermediate between molecular and aerosol.

Both the volatile materials and aerosols exist in the smoke stream as
products of the combustion. Some volatile clusters doubtless grow through
collision into bona fide aerosols while others, due to the unstable nature
of the mixture which composes the particle, disintegrate into the gaseous
stream.

Concerning direct observation, relatively little can be said about the
true physical nature of the volatile components of cigarette smole. Their
chemical identity clarifies their equilibrium properties. Their physical
state in fresh smoke is probably best postulated. The physical reasonable-
ness of such postulates is at least intnitively satisfying if one observes
that many components known to exist in smoke condensate are of such a
nature as to exhibit boiling points well below the mean sensible smoke
stream temperature when it enters the filter; that is, a temperature from
5-10 degrees above ambient.

The primary combustion zone for a cigarette is an annular ring sur-
rounding the coal. Most air drawn past the coal moves through this
ring. Some air enters the smoke column through the unburned, porous
cigarette ]_)Elpét‘QThiS alir dﬂl‘tti()‘.tl represents a considerable fraction of
the main stream smoke and In certain cigarettes is further enhanced
by purposefully added perforations located near the tobacco end of the
filter overlay. These perforations superficially reduce the condensa-

~ble and particulate material in the mainstream smoke by effectively per-

- mitting much of the inhaled puff to be derived from air that does not pass
through the annular combustion zone. This device to reduce the amounb
of combustion produects in the inhaled stream is one practical means of
control of the amount of condensable smoke. It probably alters the stability
of the smoke aerosol and volatile substances tending to quench these in a
state more typical of the one with which they left the combustion zone. One
‘might anticipate slight increases in the amount of volatile material in

~this case. | R _ | ' -

RS, ma—instreaml smoke moves relatively slowly .thro'ugh the tobacco

cqlum'_aqlfl--e.l_;te.rs the cigarette filter. When Reynolds numbers computed

on the basis of Sh*".'m_l"t@'ShTBd distances are used, it is possible to estimate

~ that smoke moves in largely laminar fashion, since critical values of
- Bfm‘,‘ﬂds numbers m channels usually are observed to be of magnitudes
: __h?gl_leg‘ _Lhﬂfn;ﬂlosa_.estilm&tad for the cigarette case. A more reali dtie oritical 7
‘Reynolds number with which to compare estimated values can be based -

~ on observation of fluid flow throush Doro: g S v
 numbers cha e ough porous media. The critical Reyno

1aracteristic of such flows range in order of magnitude on
'y for media having a porosity somewhat lower than
faund In the cigarette filter or the tobacco column. Measure-
flows in lower porosity media are not available. How-
cal values-are talen as intuitively plausible for the lower

- NATIONAL CANCER msmnm MONOGRAPE NO. 28
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porosity structures of real cigarettes, one may conclude that there is a
possibility that the fluid flow through the filter of mainstream smoke
contains significant turbulent components.

The character of the obstacles which the smoke stream passes in the
cigarette filter is generally of two types. The structure of most commercial
filters contains internal surfaces largely parallel to the axis of the ciga-
rette. A second class of surface is essentially normal to that axis. Those
filters made primarily from textile fibers partially aligned parallel to the
axis of the cigarette possess quite open cross sections. These open channels
are characteristically sinuous due to the deregistration of the crimp that
1s accomplished during filter manufacture. The smoke stream is swept
along these open channels and impinges at angles varying from grazing
incidence to perhaps 80 degrees to the normal of fiber component. The
fluid moving between the ﬁber elements contains irregular motion quite
analogous to normal Brownian motion. Much of the mean motion is a
smooth, laminar, or potential flow which sweeps smoke components past
the filter elements. In addition, this author believes that a significant
amount of microturbulence exists in the flow which further increases the
probability of mechanical contact between smoke substances and the filter
elements. This microturbulence is caused by the prior unstable flow around
the coal and through the tobacco column.

Text-figure 1 shows a typical cross section of a man-made textile fiber
filter drawn approximately to the proper geometric scale. The large
amount, of open space mentioned previously 1s clearly visible. Text-figure
2 gives a projection of the random motions of a mo]ecular component
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TEXT-FIGURE 2.—Projection of the random mo-
tions of a molecular component of smoke
stream due to Brownian movement of
streams past filter fiher cross section.

E

of the smoke stream that are experienced due to Brownian movement of
streams past the filter fiber cross section. Text-ficure 3 exhibits a concep-
tion of the mieroturbulence which may be present within this smoke
stream and which arises within it as the smoke is drawn through the coal
and the various porous openings along the cigarette length.

Many practical cigarette filters contain fibrous and particulate additives
that are intermingled among the filter fibers. In other Instances, the filters
are composed of sections, one of which contains a bed of particles or similar
structures. These provide additional resistance to motion in the open
channels and Increase the probability of mechanical filtration as well as
enhance the amount of surface available for sorbing components which
prefer to exist on the surface elements of the filter rather than within the
primary smoke stream. . | | N |

Fine fibers represent physical structures which exhibit an extremely
high sensitivity to their molecular environment. At the molecular Ievel and
shightly above it, the fiber structure is relatively porous and possesses a
large capacity to exhibit surface sorption phenomena. Both gaseons and
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- ¢ PEXTTIGURE 8~ Conception of the microturbulent motion (schematic).
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denser fluids, possessing affinities for the fiber structure, move rapidly
through these complexes of surfaces once the fiber is exposed to them.

1t 1s perhaps instructive to indicate to order of magnitude how rapidly
such a movement occurs, since it is indeed significant. One may estimate
the time it takes for a gaseous substance or a liquid substance with affinity
for a fiber to be sorbed to a concentration within a fiber that is 80% of the
equilibrium value from the following formulas:

Et/R*=02 or t =02 R*/K. [1]

In the above formulas the fiber is compared to a long cylinder of radius 2,
¢ 1s the time for 809 of the surrounding medium with affinity for the fiber
to reach the equilibrium concentration within the fiber; and A’ 1s the dif-
fusion coeflicient for the diffusing material within the fiber.

Values for the diffusion coefficient for water in some fibers range from
10-* ecm?/second to 10-7. When water diffuses through hydrogen-bonded
substances, the latter value is more typical. For a fiber with radius of
102 em (a fairly typical filter fiber), the above formula suggests that con-
centration buildup to 80% of equilibrium value would occurr in approxi-
mately 2 seconds. Other substances will give similar orders of magnitude.
Since the duration of a typical puff is 2 seconds, one may readily say that, 1f
the affinity between the filter media’s surface and the given smoke compo-
nent is fairly high, there will be time for a significant portion of the com-
ponent to be sorbed onto the surface of the media. This is the basis of
selective sorption in the filtration of cigarette smoke. The problem in a
- technological sense arises from the requirement that the interesting smoke

- component be volatile and that the filter be manufactured with sufficiently
high amounts of surface to provide for sorption. |

An interesting extension of the above formula can be made to the fibrous
organelle, the cilium, which lies in the epithelium of the bronchial tree as
- well as in the nasal cavities. In man these cilia. may have a radius of
approximately 10-¢ centimeters. Again,-- if water 13 used as a substance to
be diffused and a diffusion coeflicient typical of keratin, using the equa-
tion given above, Astbury calculated many years ago that 80% equi-
librium would be reached within a cilium in approximately 10-% seconds.
1 This computation provides one with a ready means for understanding the

- essentially instantaneous reactions that have been produced in ciliated
~ tissue sections exposed to tobacco smoke. Stasis is nearly instantaneous. A

- similar argument can be developed for the irteraction between smoke
 components and taste buds resulting in extremely short times required
%o register the effect of smoke components within the taste receptor. . .

© We see, thus, that the physiology of interaction of tobacco smoke with

- with affinity for the smoke component. The smaller the diameter of the

o .-.._._._..maqé-ﬁg'mrfam_: the faster the reaction; the larger the total amomnt of

. surface, the greater the amount of reaction.
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We immediately see a requirement for improved ﬁli'e? medi.a., name:ly,
more accessible surfaces, with affinity for the toxicologically interesting
components of tobacco smoke. | -

In a more detailed discussion, the author has introduced a dimensionless
number to characterize a filter's ability to selectively remove a Componenf‘
or set of components, from mainstream smoke. This selectivity 111,11:1‘1ber S
1s defined as the ratio of the concentration of the component @ of interest
m an “equivalent” unfiltered cigarette to the concentration of the com-
ponent of imterest i the mainstream smoke yield from the filtered ciga-
rette. If Sr==1, selective filtration exists; if S,<1, other components are
exhibiting concentration changes relative to the overall smoke vields for

the two cigarettes—the control and the filtered item—the greater S, the
greater selectivity exhibited.
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TEXT-FIGURE 4.—Plot of equation 1 for ﬁaiues of 8:, R., and E.

- Selectivity is related to the overall efficiency of the filter £ and the

efficiency with which the component of interest is reduced by the filter Za-
‘This symmetrical relation is: f e o -_

o | ;L“7[1~Rf e
S;mce.ta,ste requires a certain relatively low overall range of Z values i'i;ir
practical cigarettes, a plot of equation [1] for values of 8z, Br, and £ is
This plot clearly shows that, for filters with efficiency between 10 and
arviculate s D , selectivity values greater than 4 repre-
sent about 90% Temoval of the compound in question. Lower values of 8-
- Tepresent lfas$ J:E*_,dliet_i'(m, unless we are dealing with a _1?E;f}?_'11igh1}f efficient
St i ooty value s useful in following changes in the design of &
 filter tip. We shall now discuss three aspects of practical filter design in
Shesatemia, - 00 N R T R B e S T
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Filters made from textile fiber tow are not sufficiently firm, without
further treatment, to function properly during normal human smoking.
Accordingly, a bonding agent is introduced during filter manufacture
whose function is to “weld” together in many places small groups of fibers
to form a stiff junction. The resulting mass of fibers is then firm, at least
as firm as a well-compacted commercially manufactured cigarette. As
noted above, crimp is introduced into the fibers before filter manufacture.
This crimp is substantially important in stiffening the bonded array of
fiber in the cigarette filter.

~An important factor of the manufacture of filters which effects selec-
tivity involves the amount and type of bonding agent used to produce a
firm, compact filter structure. When properly chosen, such agents con-
tribute appreciably to the overall selectivity of the product. In table 1
this is illustrated for two simple bonding agents or plasticizers, as they are
called commercially, and for a series of complex plasticizers. The fiber
involved is a commercial cellulose acetate filter tow typical of that produced
around 1963. It is at once clear that the selectivity of a filter can be in-
creased by approximately a factor of two through the use of plasticizers.
Further, the amount required is a function of the nature of the chemistry,
or polymeric nature of the bonding agent, or both. The data shown here
all refer to the selective removal of phenol. Similar effects have been
measured by many of the volatile components of cigarette smoke.

TaBLE 1.—Selectivity effect of various plasticizing agents applied to secondary
cellulose acetate filters

Amount
Plasticizer (weight % A A—

of fiber)
Triaceti 0 2.1
rmce. in o 2.4
| o 14 3.1
Triethyl citrate 1-3 = . gg
e _ 15 4.%
Triacetin—polyether A 6 4,8
Triacetin—polyether B 6 8:7
Triacetin—polyether C 6 3.9
Triacetin—polyether D 6 3.4
Triacetin—polyether E vy B 4.3
Triacetin—polyether ¥ 13. - 22

~ Triacetin—polyether H

Tam———

" essentially constant. The longer the filter, the higher the selectivity. This
e er within the filter for some com-

| -‘Th_e".mﬁgf,ﬁ of the filter tip affects selectivity, all other factors being

ponent, or set of mainstream smoke com

o0 S, 1s lustrated in table 2. Again, the selectivity is for phenol, and the

o filter is o relatively low efficiency product typicel of that made com-
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TaBLr 2.—~Effect of length on Sphonol values

TFilter length Tobacco length Total length Length smoked Sokibil

(mm) (mm) (mm) (Inm)
10 68 78 60 2. 1
15 68 83 60 2.3
20 63 88 60 2.6
10 75 35 60 1.4
15 70 85 60 2.1
20 65 35 60 2.8

mercially about 5 years ago. The double length of the tip with a fixed total
cigarette length effectively doubles the selectivity exhibited by the filter.

It ffects of the type shown above are often masked by uncontrolled var-
1ables such as the age of the filter and the humidily of the air used ob-
talning machine-smoked condensate. Text-figure 5 shows the variation
in phenol in a smoke as a function of the age of the filler tip. Raun*bly,
twofold increase in phenol yield, and accordingly, a reduction of 50% in
selectivity, is discerned readily for the filter in question. This effect is not
due to the age of the tobacco or the manner in which the cigarettes are
smoked. It is a real consequence of aging within the filter fiber, which
in this instance was plasticized or brgnd&d with glyceryl triacetate.

A more complicated effect connected with selective ci garette filters in-
volves compounds in the smoke stream which can be initiall v sorbed onto

the filter and subsequently desorbed into the smoke yield. This is illus-
trated n ta,ble 3 for 3 cigarettes.

. 12_' - CELLULDSE ACETATE FILTERS |
o WITH 5% GLYCERAL TRIACETATE

]. g

oLl 1 1 .:" - 71'- 1 SN
ke -'_4: € 8 10 12 4 6 18
TIME (WEEKS) L

weworpnsnm.m SMOKE, XX} (ua/cigarotts)

TExm«mennm 5 -——vanatian ir[ pheno] in a Emoke as a
AT ’functmn of. the age of the ﬂlter 1:11::
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TasrLe 3.—Computed Ssater,n

Cellulose Cellulose
Puff No. Tobacco* acetate - filter
filter

.90
.76
w4 O
. 84
.91
.97
. 14
.32
.09
.05

.74
. 84
. 80
. 06
« 97
.14
17
.99
w4 A
.29

ped el L O DO OO O
il =l = =S O OO OO

*Obtained from a few puffs on shortened cigarettes.

Column two of table 3 refers to all tobacco in a shorter cigarette than
the other 2 cigarettes containing, respectively, a cellulose acetate filter and
a crimped paper cellulose filter. The selectivity fctr the removal of water
has been computed from observed data as a function of the puff number.
It is seen that the all-tobacco cigarette does selectively filter water to a
small extent. Further, this selectivity appears to increase W1th pufl c'Oj%nt.
The cellulose acetate filter shows an initial reduction in water selectivity,
which is then followed by a steady increase in selectivity asmore and more
of the water initial]y picked up by the filter and_. tobaccc.) 18 I'elefa,sec;l 01}'
subsequent puffs. The mean selectivity for water 1s essentlally- umty :Endx- -
~cating no net overall effect. However, the IE)D%-; cellglose filters _1n1t1a11y E
- --shd?cs*ed""quite a low selectivity for Water_, wh;{;h lmgreased r_eg_ulﬂrl}’ a5, %he
" puff count increased. This Jatter cigarette _sho:vs an overall net selectivity
that is ﬁfobzibly meaningful. The fact th;at, in .the efar_ly_ puﬁ | comﬁs_ the |
selectivity is less than one, is explainable in the case of thq_ filters because
tobacco dur:mg these puffs is removing water from the smoke strea,x;}.._ (?inly |
- water that is present in aerosols reaching the ﬁjter can be vaporize 1 as
the smoke passes the filter, thus accounting for selectivities that are less
Tor typieal American blends of tobuoco, elluloss acetate flers do not
- exhibit selectivity in the removal of nicotine. Table 4 _g_lves-mcqi;lge ;d ee~
~ tivity factors for a fairly wide range of filters typical ﬂfﬂlﬂ% Pt tcu P
1958, On the average, these selectivity values are extremely *‘»]ﬂb?: b“’-’stfs <
 When a section containing activated carbon, or & smilar absorvsts 2
B e e onnl sl Altors, While very litle phenol selctivity is
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TaBLE 4.—Scleetivity factors for nicotine (total alkaloids)

Cigarctte Nicotine based on  Nicotine based on
sample No. condensate data “tar” data

1 0.91 1.02
2 0. 92 0. 87
3 0.91 0.99
4 0. 97 0. 99
5 0. 97 1. 01
6 1. 02 1.03
A 0. 90 0. 96
B 1.10 1. 05
C 0. 93 101
D 0. 99 0. 96
B 0.95 0. 94
Average 0. 97 0. 908

TasLe 5.—Computed S, for single and dual filters

Filter - Volatile Acrolein Hydrogen Formalde-
| phenols cvanide hyde

Single filter (15 mm)
Viscose
Secondary acetate
Paper
Paper, carbon
Acetate, carbon

- Bonded, carbon

- Dual filters (7.5~7.5 mm)

Acctate—paper, carbon
Paper—paper, carbon
- Acetate—bonded, carbon
Acetate—acetate, carbon
Viscose—bonded, carbon

g g I o eadan
CSWHMHDT QWHOWM
i
=~ OIQ= ON~OO0
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= OUICH S -
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Bt R o e ol e e
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~ The active sites in carbon-containing filters can be manipulated to fur-
ther effect the selective reduction of gas phase i:_:Olnprlents of the smoke ex-
hibiting considerable toxicity to ciliary activity. Among the components.
that have been reduced are hydrogen cyanide, hydrogen sulfide, ammonia,
methyl isocyanate, acetaldehyde, and acetone. Many of these, though

~ strongly sorbed initially on activated charcoal, are often released during
- later puffs. "Tﬁﬁ-ﬁgure 6 shows two examples of this for acetaldehyde.

o e e
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‘ The above sections attempt to give a general view of the subject of selec-
tive filtration of mainstream tobacco smoke. A. filter technology has been
developed to measure characteristics of selective filtration. Evidence for
selective filtration has been clearly demonstrated in a number of volatile
and semivolatile components found in tobacco smoke. It has been shown
that selectivity varies with puff number in both gaseous phase and semi-
volatile substances for which media exist exhibiting selectivity. This com-
plicates somewhat the discussion of the future of selective filtration.
Ideally, one would want a filter that increases in selectivity with puff
count ; some evidence for such has been presented regarding water. How-
ever, for the more volatile compounds there is evidence that the puff-by-
puff selectivity diminishes with increasing pufls. Clearly, much more em-
pirical investigation needs to be undertaken to find filter media exhibiting
a high level of selectivity independent of the puff count.

The work called for above should in no way be construed as an argument
against the practice of selective filtration of tobacco smoke or not seeking
new means for effecting the efficient removal of mainstream components
of smoke. There are many of these; most of them possess tissue-irritating
potentials.

It is true that cigarettes fitted with reasonably good selective filters for
gaseous components of the smoke stream often yield a bland smoke to the
user. Many smokers find this taste relatively undesirable. In the search for
safer cigarettes through selective filtration, this widely observed taste dif-
ference could be used to promote the use of selectively filtered cigarettes.

- Clearly, significant public acceptance of such cigarettes does develop 1n
- an open marketplace. The writer believes there is no reason why further

- control of cigarettes should not be aimed in this direction.

Phenol selectivity 1s generally higher for a given filter than thé selec-

tivity for higher phenols such as the cresols. Since smoke fractions rich in
phenol and associated compounds have been observed to act as promoters
in small animal laboratory studies, it is probably desirable to develop
studies showing the phenol selectivity level required to produce either
none or a minimum measurable promotion effect in such studies. Such

Sk information tempts one to suggest that phenol selectivity might well repre-

sent, a practical indicator for filter quality. |
Similar controlled experiments for the gaseous phase irritants seeking
tissue evidence for reduced irritation in the selectively filtered smoke
~ stream ﬁpparent] y are in order. One could anticipate 'u]ti]nately speaking
~ of filter quality in terms of a set of selectivity values. The components of
this set would refer to molecular species or types within the smoke stream
~ which reflect in one way oOr another the overall reduction in the biological
. ackivities of bronder fractions of the sctivity of cigarefte smoke. .
o The above suggestions are given with some hesitation because of the
.~ complexity of the chemical and physical composition of tabacco smoke
... and the sipnificance of these complexities to the broad problem of smoke
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‘There is, however, one fairly strong observation—the trend to increased
selectivity for phenol and other weakly acidic components with longer
filter sections is quite real and it is not difficult to achieve a value exceed-
ing 3.5—+.5 for phenol as an indicator. This component. of smoke is clmrly

pmmotar i animal studies. There is a real trend toward longer ciga-
rettes on the market. It seems desirable to consider coupling thm Lrend
with filters designed to achieve as high a selectivity for phenol and the
higher phenols as possible. It seems likely that such a cigarette would
yield a smoke of reduced biological activity, at least as judged by animal
experiments. One could obviously further aid such a result with a hlgh-
proportion of low-phenol-yielding tobacco and reconstituted tobacco in-
sofar as thls Wcsuld permit an economic manufac’rure and customer ac-

| ceptance. |
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Commenls on Selective Cigarette-Smoke
Filtration'

Doxarp TreceLBECE, Manager, 1T'obacco Indusiry
Sales, Pittsburgh Activated Carbon Company,
Pittsburgh, Pennsylvania 16230

THIS paper outlines some of the aspects govern-
ing vapor-phase filtration selectivity. In response to the growing interest
in filtration, the Pittsburgh Activated Carbon Company maintalns a
continuing research program touching on all aspects of the use of char-
coal in cigarette filters. One of the more important areas of this research
is selective filtration. It is thus necessary to describe our own work and
that resulting from cooperative studies with the tobacco industry and
other agencies; however, the functions attributed to activated charcoal
(activated carbon) are representative of any of several quality types avail-
able. To this extent this discussion should be taken generically. |

1GLOSSARY OF TERMS USED

' Agc:tivriiea Oharcoal (aétivatea Carbon)—An adsorbent derived from a carbonaceous raw
material, owing its adsorption capabilities to high Internal surface area resulting from its being

~Permeated with pores. - Lo ~ - A B
Activation—A process creating pores in a solid 80 a8 to improve its adsorptive properties.
Adgorption—A surface phenomenon exemplified by the condensation of a gas on the surfaces . .

- -of a porous solid. N : - |

- Adsorption Competition—The tendency for d

Same portion of adsorbent surface. '
4?1ﬁ&trbmﬂ——-ﬂ, unit of 1ength,.iﬂ*.m

- Average Pore—gSee “Pore Structure.”
Basd Material—Raw material. it n A0 mey s s et g i Bt f e S e S

. Breakthrough Rate—The rate at ‘which a subsiance belng adsorbed approaches influent .

coneentration after breaking through an adsorbent bed. . pEy o o e ik
© Bquitibrium Capacity—The masimum material which can be
by o unit weight or nnit volume of adsorbent..

. dmprepnant—A material deposited on th

 Partleulnt characteristic.”. -

- Poro—Submicroscopic openings into the
. ©anig, pores may be of many sizes and shapes,
= e RORIONBRIOYINOR - 5 0 5 it o 8 £ 0 o i STt T o g etch s, bt ik S o e ]
gy Hﬂfé- ﬂimﬂ#ﬁm—-#hl'} A curve showing cumulative E_-t:lirﬁ&ﬂe area _{ﬂr pore volume} _-._plﬂtt{?&' ag a8 o

5o il fanction of pore dfameter. 2) Pores fnan adsorbent.. e N L
- Surfaco Area—Tho total Farface presented by an adsorbent. In activated charcoals, normatly
1%, YL B0, of the total surfacs area 18 donnted by the walls of the pores and {s.sometimés called .
. Virgin Adeorbent (Virgin Charconl)—1) A churcoal with Its surface free of adorbates. 2) A
Gl et s i W OLHMEG A ; il ; o s’ : gre .- e : 7 i '

ctivitp~<The surface ared, %ﬁined by multiplring o welght-baeis activily measure-

i_ffmfent subs‘éan_eea to attempt occupation of the

adsorbed at system conditions . .

e surface of an ﬂf]iﬁﬁrﬁen‘t“ to add or gnhﬁhce{ a -

Htrﬁttu’ral_ ma"t_ter ﬂf an -ﬁﬂsﬁrﬁept. In-é.ﬂtivﬁfeﬂ char- '.

ciluﬁ&a. f.:tt slﬁﬂlﬁr inézmﬂfé '_ﬂf"ﬁéﬁﬁtﬁ? _-wliieh' can

S D bo plaved In'a glven adsorber volume. O |
¢oon 0 fiontbyshenpporentdensity. £ P

although they are most easily yisualized as being
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PROBLEM OUTLINE

Activated charcoal’s performance in stripping most of the compounds
in the vapor phase of smoke has been reported by nwmnerous investigators
(1-3). Other work describes changes observed in hiological systems, prin-
cipally related to improved mucocihiary and alveolar macrophage clear-
ance mechanisms resulting from this filtration (4-7).

Differences in filier design, amount of charcoal used, and the nature
of the charcoal will produce demonstrable changes in filtration efficiency.
Part of the work reported to date deals with chareoals that are selective
for the general gas-phase components, but are not particularly selective
for individual components. That 1s, various levels of filiration are accom-
plished, but ratios of compounds removed do not indicate substantial
intercompound selectivity. Although a great deal remains to be learned
about smoke chemistry and biological effects in particular, it seems logical
to assume that certain individual components may eventually merit closer
attention from the filtration standpoint. Reasons for this attention could
be several including: that a compound occurs in relatively high concen-

tration, that it is found to have greater biological significance, or that it
“1s not as efficiently removed as many other components. These factors have
governed our present, choice of goals for selectivity studies. Before pro-
ceeding, we should define that our use of the word “selectivity” is meant
i the context adopted by CORESTA (8): A filter component is con-
sidered selective if it removes more of a particular material than its control
counterpart, as measured against a known and constant standard. Thus
a selective charcoal will have enhanced adsorption capacity for a particular
‘compound, but not to the complete exclusion of other compounds.

TECHNIQUE

When one considers adding selectivity for a component, or a discrete
group of components, two approaches immediately come to mind. The
first is to change the charcoal structurally, since it is known that the
average structure of the millions of submicroscopic pores Pe,mgﬁ,tinaé the
charcoal influences its adsorption capacity for given materials. The sec- -
~ond approach utilizes the extensive surface area offered by the charcoal,
currently exceeding 1000 ft.2/filter in some commercial cigareties, to dis-
- perse reagents h:};?l:flg chemical or physical affinity for the cdmﬁﬁim&?of
g mterest. TO determine the effectiveness of these approaches hmary mix-
. tures of the target compound carried in a nitrogen strean'; are initially
o weed (9), o Hlnstrated by the data presented (text-fig. 1). Subsequently,
;... promismgmaferials are tested by automatic cigurette émoling. All the
.. charcosls discussed maintain their selectivity duting cigarette smoking.
B?nfpra__ we explore the removal of v{iri;jﬁswwﬁip dﬁeﬁts, itis mtamsmg
to view them as molecular models. Test-figure 2 shows several cigarette-

- NATIONAL CANCER INSITTUTE MONOGRAPH NO. 28
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amnhe component models. Models of Jodine, carbon tet achloride, and

ater arve also shown, since these ave used in varions tests to quantify the
ol1~11*:;u‘:te1‘1~'-:t1ua of the base charcoal. Ench of thie squares in the crosshatehed
bad{gwuml are 1 em on an edge. The models are constructed so that
measuring the number of centimeters gives the dimensions of the molecule
i Angstrom units, It 1s mnediately ex_ulvut. that very small ditferenc ea
in molecular size separale one component from the next. Nevertheless, it
is possible to activate charcoals that will show substantial differences n
equilibrium adsorption capacity for these materials.

STRUCTURAL CHANGES

The effeets of various pore structures on the dynamic and equilibrium
adsorption capacities for acrolein are shown in text-ficure 3. Kach of the
raw materials listed yields a characteristic average pore structure when
activated under smilar conditions. Generally, the charveoals allowing
acrolein (If)-17) to break through soonest have wider porves than the
preferred materialg, the latter having major percentages of surface area
pores of 15-25 A dianeter. Integrating the avea to the left of each brealk-
through curve shows that the illdl(Ud}b retarding breakthrough longest
ﬂ]bi} have the highest equilibrium capac ities in thp Se Cases.

1f one followed the bmplications of ‘these (Llid he might assume that a
(_hfl'f‘l“‘ﬂ“ll with essentially all its surface area in ‘rhe preferred pore diam-

-ﬂt@l‘b W 0111{1 he extremely eﬁu*ieu‘r To test this lnpr)fheah 1t 18 possible

to create charcoals with varying surface areas but equal pore structures,

~An illustration is given in text-figure 4, a 1}1'9111{[]11*011;111 curve tor acetal-
~dehyde. By various equilibrium measurements 111(hulmﬂ*vthhmtmumth.
| acehllde]ly{le vapor, Carbon 11 was shown to have twice the. equl]slltlmn

cn,pm-lty., iwme tlm tﬁtal Hll[’fdt‘i? fu*m mul an eswenthﬂ]} mpi 1] pm'e c,trne
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TEXT-FIGURE 4.—Activity differentials in equivalent pore structures.

ture of the preferred type, compared to Carbon I. However, text-figure 4
shows that in a dynamic situation the carbons perform equally. Both
allow acetaldehyde to break through relatively rapidly and would be of
marginal utility in a cigarette filter. For example, when the same two

carbons are used in a cigarette filter, the competition for the charcoal’s
surface provided by other gas-phase compounds causes an immediate
acetaldehyde breakthrough.

Based on an average of current filter dimensions, tha charcoal—contam-
Ing segment has on the order of 1/100 of a second to act. This suggests that
the performances of Carbons I and II are limited by the rate of adsorp-
tion, which in turn is limited by the ability of the smoke to permeate the
cha,rcoal Therefore, providing extra surface area per se, even in pores of
the preferred diameter, will not improve select:mty unless wider entx:y -
pores are provided. These entry pores allow the smoke to reach internal

- pores most, operative for removing the compound of interest. Text-ﬁvure o

b shows the mprovement ﬁbtmned when wider entry pores are added
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Carbon ILI, with no increase in total surface area over Carbon 11, but
with entry pores, is far superior 1n preventing bz"eakth.rough (log axis).
The pore structure represented by Caxzbon 111 is typical of that found
to a greater extent in current high-quality ‘ﬁ:apor-pha.se charcoals. The§e
charcoals are also designed to offer the maximum usable surfac:f_a area 1n
{he minimum volume, so that pore structure changes 3:10116_ are limited In
providing further selectivity progress. '.:[‘his limitat‘mn mtrqduces the
second approach to selectivity, incorporation of reactive materials.

IMPREGNATED CITARCOALS

It is possible to distribute substances across the surface of activﬂt{?d
charcoal, the impregnated substances normally taking the form of thin
film or a dispersion of submicroscopic crystallites. This distribution 'na,t-
urally increases the available surface area of the impregnant, at times
by factors of several hundred. Since some of the compounds of greatest
interest in cigarette smoke are also among the most reactive, the 1m-
pregnation technique is quite interesting as a practical way to increase
selectivity within the physical constraints of a filter. Text-figure 6 shows
the effect of an impregnant added to Increase selectivity for acid gases
such as hydrogen sulfide or hydrogen cyanide. Again, the improved se-
lectivity is demonstrable during cigarette smoking. For instance, if we
consider a charcoal loading of 100 mg as representing some of today's
commercially available filters, the virgin or unimpregnated control char-
‘coal will remove approximately 65% of the total hydrogen cyanide, while
the treated form removes approximately 90%. This improvement in hydro-

 gen cyanide seleclivity is obtained with less than 15% reduction in the
charcoal’s physical adsorption efficiency for other gas-phase compounds.
The resultant filter design flexibility affords various delivery ratios for
hydrogen cyanide and total gas phase. o
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At lower charcoal loadings, when the virgin charcoal is removing less
than half the total hydrogen cyanide, the relative improvement offered
by the impregnated material is even more striking. A more complete dis-
cussion of charcoals of this type is to be presented by our research group
at the 21st Tobacco Chemists’ Research Conference in Durham, North
Carolina.

By techniques similar to those discussed above, we have previously
demonstrated charcoals with similar selectivity for acetaldehyde (9) and
are currently studying selectivity for acrolein and other materials.

The foregoing covers one selectivity goal outlined earlier, the enhanced
removal of materials that are also removed by virgin-activated carbons.
Of course, there are a few compounds for which the adsorption competi-
tion in cigarette smoke is too great—these are essentially not removed by
virgin-activated charcoal in filters of practical size. Most of these com-
pounds are nitrogen, unconsumed oxygen, and inert gases. As far as
we know, the ones of immediate filtration interest are nitric oxide and
carbon monoxide. We are working with both these materials and are at-
tempting to optimize some initially promising results for nitric oxide

(9,14, 15). | = | | o

‘Carbon monoxide, on the other hand, has thus far been very elusive.
A scan of available literature on materials reactive for carbon monoxide,
other than very powerful oxidants that are nonselective and radically
alter the configuration of the smoke chromatogram, shows they fall into

~ one or more groups: 1) materials rendered inactive or “poisoned” by
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. Inoisture, 2) materials functioning only at high temperature and/or high
pressure, 3) materials that are relatively slow acting, and 4) materials
carrying a substantial molecular bulk along with a relatively minor re-
“ward in reactivity. Taking these general guidelines and comparing them
~with the: 1a) high humidity, 2a) low temperature and pressure, 3a) very
" brief contact time, and 4a) size limitations found in cigarette filtration,
. one can readily recognize that carbon monoxide represents a great chal-
lenge to filtration technology. Fug il " 0 LBk ¢ Sl eineta of

" PARTICULATE PHASE SELECTIVITY

- A_ ﬁnalsg]a@h],mty item does not fall stnct]y under elther eftllepr&ﬂnus i
~headings, but is of interest. For convenience, chemical and biological

- experiments with cigarette smoke speak in terms of whole smoke, partie-

~ ulate phase, and vapor or gas phase. Particulate phase is usually defined

s material retained on the Cambridge filter pad, while vapor phase is

~ cuch us cellulose acetate or paper o reduce particulate delivery and adsorp-
~ tion with activated charcoal to reduce the vaporous material.

| actually a contintam, with high-beiling components assoc
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Lut not exclusively, with the particulate phase. Low-boiling materials are
similiarly found basically but not exclusively in the vapor phase. Inter-
mediate boiling compounds, as anticipated, have substantial percentages
in equilibrium with both phases. If the overall smoke equilibrium is dis-
turbed, it naturally adjusts to a new value for each component involved.
Fortunately, cigarette smoke's intimate mixture of gases and billions of
14-1/4 p diameter particles allows this spontanecous adjustment to occur
within the filter residence time.

Fibers of impaction filters may exert selective rolubility or affinity for
certain smoke components, or may be treated to add or enhance this selec-
tivity. Probably the best example is found in phenol filtration, which has
been described on chemical and biological bases (76-79). As he introduced
the selective filtration portion of our agenda in this workshop, T. W.
George (20) referred to other experimental examples presented at the
last CORESTA meeting (8).

Charcoal filters exert a general selectivity on the particulate phase, even
though they are rarely designed to enhance impaction. The mechanism
functions through the described imbalance of equilibrium, in some cases
readily enough to deliver less of a coinponent than could be predicted irom
initial examination of the equilibrium distribution or from the overall
particulate and gas-phase filtration accomplished. As one would expect,
“well over 100 compounds are involved to varying degrees and much re-
search remains. Several investigators have expressed interest in the bio-
logical aspects of these phenomena (27-23). At this time it is difficult to
say whether structural or chemical modifications in activated charcoals
- will yield the greater additional progress.

- DESIGN CONSIDERATIONS

- T. W. George (20) also presented data showing the desorption that
occurred in some experimental charcoal filters on the ninth and tenth
puffs. Compared to the standard 8-puff analysis, at the rate of one per
munute, _.the‘lattar puffs could show this phenomenon for several reasons.
- First, smoking a standard king-size cigarette to 10 puffs probably nieans
that the fire cone approaches the filter material and thus inercases the

Ty ~ filter temperature, The increased temperature creates new equilibrium
l AR sl cqndlt'lons__ uncler which charcoal and other filter substances desorh some
.~ material originally retained at a lower temperature. The second possibil-

} v i e i-t? GGUM,FElﬁffEftﬂ the pore structure of the charcoal 'us'é_.,d, in tha,t charcoals
. with pores wider than necessary do not retard smoke components satis-
- factorily, as illustrated in test-figure 3. The third possibility relates to
~ the amount of charcoal used, since less than an optimal amount could have

©  beenspent on the first fow puffs. Of course, any combination of these
& . factors could also be involved. Design routes to a solution of this problem
- could therefore include keeping the temperature of the charcoal lower by
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insertion of a cellulose or paper buffer or by extension of the filter over-
wrap. Another step could be changing to a charcoal which held the ad-
sorbed material more tenaciously. A third would increase the amount of
charcoal used to allow for the increased adsorption load of the last puifs
which, as is evident from other data, are comparatively high in their
concentration of materials to be removed. Similarly, some combination of

these factors will also effect a solution.

CONCLUSION

In this brief presentation, both the potentials and limitations of selective
filtration have been illustrated. As smoke chemistry continues to be ex-
plored and medical technology continues to be refined, the concept of
selectively altering the makeup of smoke should find increasing utility.
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with the properties described above and that resulting “tars™ might no
longer cause tumors in the skin of mice.

This report includes 1) studies on tumor growth inhibition by tobacco-
smoke condensates and 2) studies on tumor growth inhibition by deriva-
tives of benzo[rst]pentaphene.

METHODS

Studies on Inhibition of Tumor Growth in Mice by Cigarette-Smoke
Condensate

Cigarette-smoke condensate—Cigarette-smoke condensates from ciga-
rettes of the 5 leading commercial American brands, smoked in machines

under conditions previously described (8), were denicotinized by the fol-
lowing procedure.

Smoke condensate dissolved in a 9: 1 methanol-water solution was passed
through a cation exchange resin under nitrogen pressure to remove the
basic fraction. After being washed repeatedly with solvent mixture, the
effluent was set aside and the bases were eluted from the column into a
separate receiver with methanol: 6N ammonia mixture (9:1). The solvent
was removed from this efluent and the residue dissolved in 9: 1 methanol-
water. Nicotine in a portion was determined by a gravimetric procedure,
and silicotungstic acid exactly equivalent to the nicotine in the eluate was
added to precipitate this base quantitatively. The nicotine complex was
filtered, washed, and discarded. Mother liquor and washings containing
bases not precipitated by silicotungstic acid were then returned to the
: | original effluent from the cation exchange resin. This combined solution
% o - ‘was then evaporated dry and made up to g 509
- of this solution was added to 95 m] of Ringer’s physiological saline con-

taining 2% of a polyoxyal kylene derivative of sorbitan monolaurate

['I‘ween 20 (a wetting agent)]. The resulting mixture was treated in a

VirTis 45 hﬂm?genizer at 45,000 rpm for 2 minutes and at lower speed for

anot]_l&r_ 24 minutes to reduce foaming. After the mixture was allowed
to stand until the foam disappeared, the resulting emulsion was placed in
a Biichler FE 1000 flash evaporator for 30 minutes at 80°C for removal
of the acetone. | | i

acetone solution. Ten ml
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Studies on lung tumors—~Female A/He mice were obtained from The .

i = B J f;ekson_ Labor&tory, Bar qI—Ia.-rbaz::t:‘:j-r Maine. They were used at the ages in-
i 5 -_di}':-ated. m._table 1 and received the intravenous cigarette-smoke condensate
gt ‘injections listed in the £} Qb e RGO RS !
i ~Injectic vo¢ 10 the same table. Control animals received only Rinper
T solution containing 9.9z T eRnsE T e e e
e S0l aom contaming 2% Tween 20, and an amount of acetone corresponding
v tothatcontained in the smoke condensate suspensions,

- NATIONAL OANCER INSTTTUTE MONOGRAPH NO. 28




261

INHIBITORS OF TOBACCO CARCINOGENESIS

.mammn mm&r Sreurfus _Eﬂmﬂﬁumanm E uﬁmﬁumﬁu ﬂﬁ& 038 18 m@ﬁmm ﬁﬁmﬁﬁﬂ E Eaﬁnu mEB ﬂw& ﬁﬂnﬁa :.._

mﬁwu E& Emunmﬁﬂﬁaﬁ mmav .,En ﬂE, pﬁﬁtﬂﬁ mEE

“JURTIYRT) b BV
03 URRAT, 9! ﬂﬁaﬁﬂ.ﬁpﬂé
ﬁ&ﬁﬁn ﬁm

98
9y

oo mr
|

o]

i

9%
av

m__wwpmmmmm___»mvﬂﬂ ~

Gl o

|

(o%)eg
19
g1

I~
— o0
+

"!!"*:HI

oo | o

0% ‘e1 ‘0T

W
¥
44

: B8
88

el

Hmﬁrgﬁw

Eﬁ&.ﬁ

(0v)eg
01

|

o
©

00 I~

oo
I

0
0
0
0
v
0
0
0

%

-r—lr'-'il

0

oF
9%
9f

”__J_».mm“

RS .._...QN =

»wgﬂxnﬂﬁw

Pﬁﬂa@
ﬁmufﬁm.

(81)8¢ —
¥ Z 0
QT 60

0
0
¢e

G\'l':.'ﬂl

[efs
- qe

m.m

e

¢ Lts il

_.,__wﬂﬁm
Pl s g
8 e R

Mvgﬁgﬁ _

joxuon
opamAlL

(0)og =
Ly ¢Q
Go 6°¢

1€
1€
1%

¢___mm

T omﬂ,_

0g

L g
Sos gty B

gﬁ%ﬂaﬁ

Beup

0)og —
0¢ A
Z°9

0
0
e
0
0
G

e —
—
—

0
G
0
0
S
0
0
¢
0
0
G

18

18
1€

)
&1
m
._.
/S
L

m__mmw
_ H_ __aﬁ.,_ _.

s
mm

wp«uouaﬁ

’ _.__.” om 5

q__”w_mm

wm

LSIOATAINS %, () Surry
gouapIoul 0} HIels
owny, TWOIJ o3ueyd
1g81em Apog

(o)
9s0p
T830.L

(83748)
[BAIIU]

suorjoafur

uoAld
IoquanN

uorgoal
Ul [Bu

wﬁmﬂ ﬁw ﬁﬁm ﬁw wEEM ﬁw

n_..Eum ﬁ.

9)BSULPUO) 9YOWS-0998(0) SNOUIABIIUT

Am&av m_dEEm E wmﬂ mﬁnﬁﬁa ma Emﬁ: ?

Qo1 Uy siowing. mE: ao _mm_.mwﬁm_s___l“., ﬂ mamﬂw |

£ e
" h. . .
_..—




262 HOMBURGER, TREGER, AND BOGER

The animals were weighed individually at the start of the experiment
and again before being kl]]ed The procedure of counting lung tumors was
that developed by Heston (9). The animals were killed w1th ether, the
chest was opened, and approximately 0.5 ml of 4% formaldehyde solution
was injected into the trachea to distend the lungs. The lungs were then
removed and studied under a dissection microscope at 10X magnification,
and tumors were then counted on the surfaces of all lobes. In selected cases,
sections were made and stained with hematoxylin and eosin solution for
histological study.

A systematic study of the lung adenoma incidence in untreated animals
was carried out in several hundred young A /HedJ mice. Fifty of these mice
were Kkilled at bimonthly intervals, their lung surfaces were studied as in-
dicated above, and a sampling of histological sections was made. This
study was not simultaneous with that of the treated animals and their
controls who were given Ringer’s solution.

To test the effect on lung adenoma formation of inert particulate matter
injected intravenously, 29 female A/J mice received, beginning at 1 month
of age, 5 intravenous injections at monthly intervals of 0.5 mg of a sus-
pension of Teflon particles in 0.1 of Ringer’s solution with 29% Tween 20.

The animals were killed when 7 months of age and the lungs were ex-
amined as described above. Control animals received injections of only the
vehicle on the same schedule. Twenty-eight mice received injections, on a

similar schedule, of denicotinized tobacco tar (0.5 mg in 0.1 ml of the same
vehicle). |

Studies on subcutaneous sarcomas—(a) Induced sarcomas: One hun- |
dred and thirty-two male C57BL/6 BIO mice received 0.5 mg of 3,4,9,10-

dibenzpyrene (benzo[7st]pentaphene) (DBP) in 0.1 ml of peanut oil into
the left groin. This is the standard procedure used in the authors’ labora-
tory for the induction of subcutaneous sarcomas (10).

Sixty-six of these animals were given intraperitoneal mJectmns of
tobacco-smoke condensate. This condensate was dispersed, as described

- above, at a 5% concentration in Ringer’s solution containing 2% Tween.
- Each animal received 10 mg once a week for 2 weeks, hegmnmg after the
carcinogen injections, and subsequently 5 mg twice a week until tumors

appeared. The other 66 mice treated with dlbanhpyrena served as controls
and received only Ringer’s solution.
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(3) Transplanted sarcomas: Tumors mduced by the subcutaneous in-

jection of 500 #g of DBP and subsequ&ntly carried in C57BL/6 BIO mice
~for 13 ganemtlons were Implanted into 21 male C57BL/6 BIO mice, 2-8
 months old. Ten of the animals received daily intraperitoneal m;ecizwns
ook lmg of tobacco-smoke condensats in Ringer’s solution for 14 days,
stm'tmg on the day of implantation. The other 11 animals served as con-

~ trolsy receiving only meal’s solution. The a:r:tmals were then weighed and
| .kllled &nd thﬁ tumors were welghed

Nm'xomm._ GANG_EE INSTITUTE ALONOGRAPH NO. 28 -
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© Effects of Tobacco-Tar” Condensate on

 Under these conditions, » reduction of the nt
~ tumors takes place in all groups having receive
~ where the tumor incidence reach

- from those of the controls. e
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Studies on Tumor Growth Inhibition by Derivatives of
Benzo[rst]pentaphene

The derivatives of benzo[7s¢t]pentaphene studied were: benzo[rs¢]penta-
phene-5,8-diol, diacetate, benzo[rs?] pentaphene-5,8-diol, dibenzoate, and
benzo[rst]pentaphene-5,8-dione (DBP-5,8-quinone).

Studies on carcinogenicity of potential inhibitors—1To determine their
carcinogenicity, 500 pg of the compounds studied was Injected subcu-
taneously into the groin of C57BL/6 mice, the inj ection sites were palpated
weekly, and the tumors found each week were recorded (percentage of
survivors with tumors). |

Studies on inhibition of lung tumors—A/J mice were used in these
studies. For a study of tumor inhibition, groups of 20 animals received
intravenous injections of 500 pg of the inhibiting compound studied in 0.1
m] Ringer’s solution and Tween 20, and 1 month later, 500 pg of DBP was
injected intravenously. Three months later, the lungs were examined as
described above. .

Studies on inhibition of suboutaneous carcinogenesis—CbHTBL/6 male

mice received 500 pg of the potential inhibitors in 0.1 ml of tricaprylin sub-
cutaneously into the groin. Two weeks later, 500 pg of the carcinogen,
DBP, was injected in tricaprylin subcutaneously into the same site, Pal-
pable tumors were recorded, as described above, and transplantation studies
and histological examinations were made of some of the tumors that
developed. |
Studies on inhibition of transplanted tumors.—Trocar transplantations
of Sarcoma 180 were made into the groin of C57BL/6 male mice, and
' injections of 500 pg of the poten- '_
tial inhibitors in tricaprylin were given daily for 7 days. Control animals
received only tricaprylin by a similar injection schedule. On the 10th day

after beginning of treatment, the tumors were dissected and Weigl}ed..

~ RESULTS
Spmmﬁué Lung Adenomas in o
A/HeJ Mice i clghribins g

e vesults are illustrated in text-figure .

- These data apply to lung adenomas that are dlscemlblﬁ under th_ﬂ:-&.‘_ i
soeting miorecoone af 103 magnification (diameter of 02 mm or more). .
>eting 1 pe. 2 number of animals with lung

hes from 1Y% of that of the controls.
The body sveight changes in treateci amma.]smre

d tobacoo-smoke condensate o

not markedly different
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TexT-ricurE 1.—Iffect of denicotinized acetone-free tobacco-smoke condensate on
the incidence of spontaneous lung tumors in A/HeJ mice. Numbders in parentheses

on top of bars indicate number of animals in each experiment. Numbers in paren-
theses at botiom of graph identify individual experiments,

Histological examination showed that, even though the dissecting micro-

scope did not reveal any lung tumors, in some cases, microscopic tumors
could be seen on histological examination.

By histological examination, as many tumors could be demonstrated in
treated animals as had been seen in the controls by means of the dissecting
microscope. For clarification of this situation, it will be necessary to do
serial histological studies of entire lungs in treated and control animals.
It would appear, however, that the intravenous Injection of tobacco-smoke

condensate arrested the spontaneous lung adenomas of A /Hed mice at an
early stage and inhibited their subsequent growth.

In addition, when older animals were used, fewer animals with tumors
were counted after the treatment than would have been expected from a
separate, untreated control series to have tumors before treatment began.
A regression of already existing tumors following tobacco-smoke con-
densate application is thus suggested by these observations, although not
conclusively established.
~ Studies with Teflon particles in Ringer’s solution injected intravenously
have shown that the presence of particulate matter in the pulmonary cir-
culation does not affect the incidence and growth rate of lung tumors.
The animals receiving Ringer’s solution with Tween had an incidence of

~ lung tumors of 21% ; those receiving Teflon. 97 67 « am 4
denicotinized “tar,” 134%_ e : ? = % ; and those recelving
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Effects of Tobacco-Smoke Condensate on Transplanted and Induced
Subcutaneous Sarcomas

' The growth rate of subcutaneously induced sarcomas is slowed
significantly by intraperitoneal injection of tobacco-smoke condensate.
However, the number of animals in which sarcomas are eventually pro-
duced is not altered.

The growth rate of subcutaneously transplanted sarcomas 18 inhibited
to a statistically significant degree by the intraperitoneal injection of
tobacco-smoke condensate (table 2). The body-weight loss in the treated
animals is not sufficient to explain this reduced tumor-growth rate.

Effects of Derivatives of DBP

Lung tumors.—The DBP-quinone, when given alone without adminis-
tration of DBP, reduced the number of countable spontaneous lung tumors
in A/J mice. When administered betore intravenous injection of DBP, the
DBP-quinone reduced the numbers of lung tumors per animal as well as
the incidence of animals with lung tumors. Lung tumor inhibition was
less marked with 5,8-diol, diacetate, and with 5,8-diol, dibenzoate (text-
fig. 2).

Subcutaneous carcinogenesis.—A. significant reduction occurred in the
carcinogenic potency of subcutaneously injected DB with each of the
three tested derivatives of DBP. This was most marked with DBP-quinone

(text-fig. 3).
Inhibition of transplante
Sarcoma 180 of a degree sufli

d tumors.—DBP-quinone caused inhibition of
cient to consider this compound as a chemo-

therapeutic agent. The two other derivatives had effects on transplanted
tumors (table 3), which, while statistically significant, are insufficient to
- attribute chemotherapeutic activity to these compounds.

DISCUSSION

Evidence has been pr‘ésentéd that cigarette-smoke condensate contains
substances that reduce tumor growth under certain circumstances. There
appesars to exist in cigarette “tars”’ an .'e_quilibrium between i:'ni:’:ifaim*s-,.- .

~ promoters, and inhibitors ot carcinogens with an excess of the 1{1‘1{';1&’({)1-5
~and promoters, 8s measured by mouse-skin pau_'ztmgf T{la identification
- and isolation of inhibitors, while possible, would be ﬁdiﬁmﬂt and slow
~ operation. More Prﬁmigiﬂg-_ is a studfy“degigped to search for inhibitors of
. cutinogenosis and tumor grawth smong sich agents already knoym uc. .
- especially among chemicals related fo polyeyclic hydrocabrons known
4 rbibitors of cardinogens can be divided inlo two: grougs: [2) those
~ that stop the progress of a cancer already established and (b) those that -

[ 3

: e ez ‘“!"‘*:ﬁwta e Ty A T ey I o R e X ey TR e et T Teen A
T : Wl e Teo S a5 oY R THEL - (T R ST i N g R l'.

g~
Il
P L .
e o e - - -
7 PR T o SRR - T« LI Y TSP <t N b Tt T BT et QT A Ry




i odm MR REAT TS LT T, Sglh® TiErs e -

P e 0y < e

S @

“

i ___ A

"(e4oy L31qeqoad .mma @ 79) S[OI3U0D ﬁnq S[BUI]UR POIBAI] JO §9qBjm .HHE ‘meomgeq eoma .E_Eu oqy o Snauﬁnu_m ﬁau&ﬁﬁ Eﬂﬁ_ﬂ.ﬁ 2 Ea_ _n_&mp q m

S .E_E_ch E%nzm- __

AND BOGER

12— 5°T— BT i@ Tm e 80 ° .md S T e zﬂsﬁa
| L .Zw -0 .D *m TR R e Enhﬂaﬁ.

" o

GER,
&0
=

l
o
Y
+

’ < : . L 18 eduloAs)  (J) jydjom Jowm) _mmﬁmb_ﬂ ©IBQUERN i
(3) a3usyo jydres LApog _Emmmbp C A R e e Tl e L

TRE

mﬁﬂ | . g
mamnmoEmuﬂoundmw@unwﬂ.mmﬂ wﬁmﬂmmmﬁu bmsamﬂﬁmunzm ﬂo Sﬁmnmﬁﬂau amcﬂm-onuda& 10 mﬂozem?ﬂ Ewﬂﬁﬂm&ﬂﬁ& uo pum.uﬁi m mqm__.__ﬁ.

HOMBURGER,
]

266

..r_._|

A r..mra .E wm,. s ﬁmﬂ_
im.ﬁrﬁﬂﬁx My ge L

v R __:_..{r w._w



INHIBITORS OF TOBACCO CARCINOGENESIS 267

% ANIMALS WITH

LUNG TUMORS (PRETREATMENT ONE MONTH BEFORE DBP INJECTION)
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TEXT-FIGURE 2.—Effect of pretreatment with three dibenzpyrene derivatives on lung
tumor induction with dibenzpyrene (Intravenous route)—A/J female mice (25-35

per group).
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 quinones have been shown to have car arcinostatic aaiaww These are the
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INHIBITORS OF TOBACCO CARCINOGENESIS 269

The second group (delay and prevention of tumor formation) consists
mainly of compounds structurally related to the carcinogens. These
compounds are noncarcinogenic or weakly carcinogenic and presumably
act by competition for receptor sites. Partially hydrogenated carcinogenic
hydrocarbons, such as dihydro and hexahydro DBA, are inhibitors of the
carcinogenesis by the parent compound (15), and the carcinogenic power
of the same hydrocarbon, DBA, is distinctly reduced by a concomitant
application of its aza analog, the 1,2,5,6-dibenzacridine (11).

In the case of the DBP-5,8-quinone (benzo[rst]pentaphene-5,8-dione)
and the 5,8-diol, diacetate (benzo[rs{lpentaphene-5,8-diol, diacetate)
(from which the quinone can be formed enzymatically in vivo), the two
types of inhibition could be anticipated: competitive inhibition of the
DBP activity and carcinostatic effect due to the quinone-hydroquinone
system.

The greater effectiveness of the DBP-quinone demonstrated in the
present experiments supports this working hypothesis. For these reasons,
we are now investigating the following quinones and aza-derivatives of
DBP: the penta,phene-5,8-13,14-—diqui110ne (I), obtained from DBP-5,8-
quinone by oxidation, the DBP-diaza-5,8-quinone (1I) (benzo[rsi]penta-
phene-13,14-diaza-5,8-dione), and the diaza-DBP (I1I) (benzo[rstpenta- |
phene-13,14-diaza). The latter compound has been tested for carcinogenic
activity (16); after 14 months, no malignant tumors have developed.

" The above-mentioned quinones and their derivatives may not have the

~ physical requirements for use as additives in tobacco blends because of -
their low volatility. It is, therefore, suggested that a series of more volatile

‘compounds which would release the active inhibitors during the smoking
process be made and tested. " i

" were directed toward the preparation of cigarettes that will yield “tars”

which are noncarcinogenic for mouse skin. We are attempting to achieve
this by applying the concept of chemoprophylaxis of carcinogenesis re-

It must be emphasized that a1l of our efforts descmbed mthlsrepm b e

viewed by Wattenberg (7). We are not concerned here with the question s
of whether this bears any relationship to lung cancer in man. However,

 since the carcinogenic properties of cigarette-smolke condensate for mouse

skin are the only generally measured ones and have been used to bolster ¢ 5 E R
the argument that cigarettes may cause cancer, it is logical to postulate

TOWARD A LUSS HMARMPUL CIGARETTE
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270 LIOMBURGER, TREGER, AND BOGER

{hat “lars” that will not cause cancer in mice deserve long-term clinical
testing in man. We believe that such “noncarcinogenic tars” will eventually

be obtained by increasing their proportional content of anticarcinogens.
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RECOMMENDATIONS BY INDIVIDUALS

Since the harmfulness of cigarettes is based on the statistical association
of cigarette smoking with emphysema, cardiovascular disease, and lung
cancer, proof that a cigarette is less harmful will have to be based on
the demonstration that such an association no longer exists. To prove such
a negative association will be extremely difficult, particularly inasmuch as
a certain incidence of emphysema, cardiovascular disease, and lung can-
cer exists independent of smoking and may increase in frequency as air
pollution continues to rise.

For these reasons, progress in this field will depend on the availability
of generally accepted chemical and experimental criteria to establish the
safety of smoking devices. Establishment of more or less arbitrary criteria
for safety of consumer products by consensus of competent experts has
long been an accepted procedure in the regulation of foods, drugs, and
cosmetics. |

Obviously, formulation of such standards is a step entailing grave
COnSequences and must be done with circumspection and be interpreted
with a minimum of assumption and a maximum of factual data a.nd
scientific objectivity.

Although a dose-response relationship for nicotine and “tar” exists
within the range of their toxic doses, certain experiments, in which nico-
tine or “tar” was used to produce cardiovascular responses or skin cancer
in animals, showed that the absence of these two components from cigarette

| smoke by no means establishes the absolute safety of a clga,rette
| - The clinical evidence indicting “tar” and nicotine is not based on
E~
E study of these stubstances but rests on the assocmtl{m betwen “smoking”
; and disease.
: Ample expemmenml work demonstrates a lack of corre]a,tmn between
j amounts of “tar” and nicotine and toxic effects of smoke, as measured by
E ciliastatic effect, irritation of tissues, and general toxicity, and chemical
; “analysis of smoke shows the presence of many toxic substances besides
: nicotine. There are known pathogenic mechanisms th rough which such
% ~ substances having the described toxic effects can cause emphysem, cardio-
g " vascular disease, and cancer.
iﬂ -~ What then do we pmpose as mmjmm mdards for nonbarmful
E =l __.'.mgamtteg? ' £ B R
% @uch eriteria are chemical aml experunental a,nd are categomad as:

| . 1) Standards ‘establishing harmlessness with regard to cancer.
3k e 2) ‘%taﬁdards estabhslxang harm]zssness with mga.rd to em;;hy-
 apad T L g
AR 3} Sm&ﬂtﬁg estahhshmg hamlessness w:th regard 1:0 Gﬂt‘ﬂlﬂ‘*
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From the point of view of cancer, chemistry and experimental proce-

dures must be considered.

O hemistry —Smoke must be free from any known carcinogens, or any
anavoidable traces of carcinogens must be balanced by inhibitors of
carcinogenesis.

Eaperimental—Fresh smoke condensates (“tars”) must cause no skin
cancer in mice under the most severe conditions, namely in high doses and
in the presence of acetone in lifetime mouse studies that include positive
controls of smoke condensates from unmodified cigarettes. Alsence of co-
carcinogenesis must be shown by negative results of skin painting of
“tars” in mice primed with benzpyrene with appropriate positive controls.

From the point of view of cardiovascular disease, cigarettes must con-
tain a minimum of nicotine and, in experiments on humans, carefully con-
trolled with “unsafe” cigarettes, they must not. produce peripheral vascu-
lar reactions. Perhaps, in subacute human experiments, such cigarettes
should be shown to cause no change in serum fatty acids.

From the point of view of emphysema, much more attention must be
paid to gaseous irritants. Those irritants now chemically known must be

absent in harmless cigarettes. Exposure of alveolar macrophages must be
without effect. Gaseous smoke constituents should have low ciliatoxic effect
and the lowest possible acute toxicity. In granuloma pouches and by pellet
insertion tests, safe smoke must be nonirritant in doses close to those
inhaled by man. |

- % At least two of the groups represented at this meeting have already
published evidence that cigarettes far less carcinogenic in animal tests
than the conventional product are already on the market. Every type

~ of the experimental tests mentioned reveals a wide variability of toxicity

_in various brands, some of which had very low values.

- If scientists could agree on chemical and experimental standards for
“a harmless cigarette, quite likely industry could meet them with presently
- available technology.
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Because the specific tobacco “tar” components that cause cancer in
man are not known, and in view of the information presented at this
workshop, we recommend that the following steps be taken to help in
the establishment of less dangerous cigarettes.

1) Cigarettes should be labeled as hazardous to health, and their “tar”
and nicotine content should be listed on the package.

9) Minimum standards of effectivenes for cigarette filters should be set.

3) A maximum permissible “tar” yield of 15 mg per cigarette should be
established until the safety of cigarettes with greater “tar” yield can be
proved. -

4) A minimum butt length (80 mm) should be designed into cigarettes.

5) Minimum quality standards for all components of the cigarette (to-
hacco, additives, flavorings, etc.) should be established so that the final
product is free from contamination by such materials as pesticides (as is
the present practice for foodstuffs). .

6) Manufacturers should be encouraged to redesign cigarettes so that
smokers would be less likely to inhale (e.g., like cigar smoke).

These proposed steps are not the final answer to the problems of smok-
ing and health which face us today. They will have to be modified as our
lmowledge of cigarette smoke and its relationship to consumer health is
increased. But prudence dictates that we take such steps at the present
time so that this serious public health problem may be controlled. '

Groree E. Moore, M.D., PH;D.f -
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Having participated in this work group and considering the evidence
on the toxicology of cigarette smoke and its constituents, we would like to
malke the following statement:

Our belief, based upon the scientific knowledge available at present, is
that the only way to reduce the harmful effect of cigarette smoke is to
decrease the over-all exposure. This can either be done by a reduction of
the number of cigarettes smoked or by the use of filter cigarettes, provided
that the reduction brought about by the filter will be equal n effect to the
reduction in dose obtained if the number of cigarettes is reduced.

We feel that further research to elucidate the relative toxicity of vari-
ous compounds and combinations thereof in the smoke is a most Important
and urgent task. The requirements expressed in this group with respect
to experimental and epidemiological techniques should be taken into
consideration.

Tore DaraAMN, MLD.
RaeNAr Ryranper, M.D.
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As regards the harmful cardiovascular consequences of the cigarette
habit, the best available evidence incriminates mainly the nicotine in smoke.
The “tars” and other constituents, while of paramount importance in
respiratory disease, seem less so in respect to cardiovascular 1ll effects. It
would seem reasonable, therefore, to advocate a denicotinized cigarette.
This is clearly within the capability of the cigarette industry today.

As regards the pulmonary as well as the cardiovascular consequences of
the cigarette habit, the ideal solution would be a shift to the use of non-
inhaled forms of tobacco such as the cigar and pipe. Advertising tech-
niques so successfully employed by the enterprising tobacco industry to
promote the use and inhalation of cigarette smoke could be shifted to
emphasize the use of noninhaled cigar and pipe tobacco. While some
hazard exists in connection with the use of even these forms of tobacco, -
this is far below that associated with inhaled tobacco. e

As regards the cigarette itself, the trend to longer cigarettes 1s regret-
ablo and should be reversed. Larger and more efficient filters, if introduced
gradually over a number of years, would likely be accepted by the majority
of smokers. The development of such devices on a denicotinized cigarette
should be encouraged with some minimum standard imposed. "

- Winuram B.-KANNEL, M.D. .-
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SUMMARY OF WORKSHOP

In 1964, the Surgeon General’s Committee on Smoking and Health
called for remedial measures to reduce the health hazard associated with
cigarette smoking. One of these measures is the establishment of a less
harmful cigarette.

The proceedings of the workshop dealing with this area indicated
significant progress in the identification of factors in cigarette smole that
contribute to the health hazards as well as means of their reduction.

Since a dose-response relation is indicated for the number of cigarettes
smoked and the incidence of diseases of the cardiovascular and pulmonary
systems, anything that will reduce total smoke exposure is likely to be

followed by a reduction in risk. Such a reduction may be expected more
rapidly for cardiovascular than for neoplastic disease.

When considering myocardial infarction, the preponderance of evidence
suggests that nicotine plays an essential role in its pathogenesis and that
its reduction would be associated with a reduction in deaths from this
disease. The effect of nicotine on myocardial infarction was attributed
to its possible effects on blood coagulation and on mobilization of free fatty
acids. The particulate matter in tobacco smoke is clearly carcinogenic to
the experimental animal and specific carcinogenic and co-carcinogenic
components have been identified. There was a body of opinion that the
gaseous phase in cigarette smoke might also affect the pathogenesis of lung

‘cancer and chronic pulmonary disease and that a reduction of all potential

toxic substances should be accomplished. There was some disagreement as

to the relative importance of various toxic substances in clgarette smoke,

particularly as these affect man. - o
Adequate means for a practical lowermg of “tar” and nicotine levels of
cigarettes are already available. In fact, there has been a trend toward a

_' qufmtitatwe reduction of these smoke constituents in American clgarettes -
during the past dacade Means are a,lso avaﬂable to reduce gaseous com-

 ponents.
'The tobacco mdustry naeds to be persu&ded to ma,nufacture less harmful

cigarettes and to increase the amptabﬂmy of such cigarettes with that

: pcrtmu of the pubhc that cannot give up smoking. ‘Buch measures mclude:

0% Regnlatnm standards for a cigarette to be called a “ﬁlter“ t:igarette.

- 2. Begulatory standards providing tha,t a ﬁlter anﬁ ﬂm nunsmokable averwrap'_ ; e

g E’houldbenotiesamaﬂmmwng. _ ks
' 3, ‘Regulatory standards gwemhxg th:e 5!1&111 of “r.ar” and nimting and, :wngibly,; S
ek other smoke mmpnnents. - : S
5 ""%. Reguiatory listing on all I;afﬂmges of the “tar” and nicoﬁnﬂ cﬂnﬁem; and, pm-, e
 haps in the future, of other deleterious substances, -

Enmmgemenj; ﬂf th& &esig‘n {;:f giggg-m m m&m ﬂ:tE GE ﬁf :

in}miaﬁﬂn. ik I e B W gl
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It was suggested, based on extensive experimental data, that increased

nitrate levels in tobacco would reduce the formation of carcinogenic
hydrocarbons.

The workshop members expressed a desire for closer cooperation with

each other. It was suggested that research workers interested in the prob-
lem of creating a less harmful cigarette form a work group composed of

representatives from research groups of universities, industry, private in-
stitutions, and the U.S. Government. It is hoped that this group will keep

in communication with the Task Forces on Lung Cancer and on Smoking
and IHealth.

Some concern was expressed about claims for new flters or processes
to reduce the health risk of cigarette smoking in cases where such claims
have not been accompanied by well-documented scientific data. It was
suggested that the Public Health Service establish g panel with the neces-
sary sclentific background and give it legal authority to protect patent
rights in order to evaluate such claims,

Efforts must be continued to develop chemical and biological method-
ology to establish the relative importance of toxic substances in tobacco
smoke and provide guidelines for permissible levels of these substances in
cigarette smoke. |

'I:he ultimate proof of a less harmful cigarette must be the human ex-
perience. It was suggested—and it seems feasible—that a surveillance sys-
tem be established in several major hospitals in the United States and
abroad where the smoking habits of Individuals with diseases now known

to Iﬁaa‘sso?ia;edhwiih cigarette smoking would be recorded Such records
would include the brand of cigarettes smolk d nidivids 1S
manner the relative health risk o gebemiri o ki

- sk assoclated with a particular type of
cigarette could well be established. Members of the tforkshop agr}zad to

111_1‘[1&{:? such a system, hopefully with the support of public health agencies.

Ha@g observed man’s apparent difficulty in giving up smoking and

preventing youth from starting, it is evident that, for practical as well

as academic reasons, work on the less harmfu] smol,:::inn' products must be
=

ents one of the logical measures Cﬂru_ﬁ_d

o W el Ll day—materialize. th3 : aria T
‘make its contribution to our , this remedial measure will

tion, of all diseases linked t goal, the reduction, if not elimina-

that the Workshop, “Towar ; ;lfarett'e Smoling. It is toward this goal

_ made 2 contribution, ~ess Harm{fu] Cigarette,” hopes to have |
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