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Toward Less Hazardous Cigarettes

Current Advances

Gio B. Gori, PhD, Cornelius J. Lynch, PhD

® (Critical levels of selected cigarette smoke constituents have been
expressed in terms of maximum numbers of pre-1960 cigarettes that a
smoker may consume daily without increasing his mortality risk substantially
above that of a nonsmoker. This could still imply an important risk, although
it may be difficult to detect. We relate these levels to the yields of 27 current
low tar and nicotine commercial cigarettes, as measured at the Oak Ridge
National Laboratory. In addition, the vields of these selected constituents
concomitant with the yield of 1. mg of nicotine are provided as a guide for the
smoker who titrates or adjusts his smoking pattern to accommodate a fixed

daily intake of nicotine.
(JAMA 240:1255-1259, 1978)

SINCE the: Surgeon General’s report
on: smoking and health,' considerable
attention has. been focused on ciga-
rette smoke constituents implicated!
in the cause of tobacco-related dis-
eases. Many such components have
been considered, the most frequently

cited being total particulate matter
(tar), nicotine, carbon monoxide (CO),
nitrogen oxides: (NO,), hydrogen cya-
nide (HCN), and' acrolein. Several
investigations document the contribu-
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tion: of these components to cancer,
chronic pulmonary disease, or cardio-

vascular impairment.”” Many studies:

also indicate that there is a dose
response between the number of ciga-

rettes smoked and disease incidence:

and morbidity."”**'" Since publication
of the Surgeon General's report, aver-
age tar values of commercial ciga-
rettes have decreased by 29%, and
nicotine yields' have: decreased by
21%..indicating a continuing preoccu-
pation: toward reduced Hazard.”
Evaluation of health benefits re-
sulting from these reduictions would
be premature because of the long
latent periods involved. Available
data suggest that, for the present,
smoking-related diseases have not
abated substantially, with the possi-
ble exeeption of cardiovascular dis-
eases. However, factors contributing
to the decline in these latter diseases
are not vet clear. On the other hand,
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mortality from: tracheal, bronchial|
and lung cancer has continued to rise;
projections for the:immediate future
indicate that further increases may
be expected. This probably is:because
smokers now in the age groups in
whicH cancer is most likely to develop
have spent a considerable part of
their smoking history using high tar
and nicotine cigarettes. As younger
smokers who: are exposed to lower
tar and nicotine cigarettes approach
cancer-susceptible ages, a reduction
in morbidity and mortality rates.
could be expected. However, consider-
ing tar and nicotine alone may give
an incomplete and misleading picture
ofthazard reduction: the full impact of
low tar and nicotine cigarettes on
health effects should be evaluated in

Table 1.—Average CriticallLevels of
Pre-1960 Cigarette Consumption'®
No. of
Pre-1960
Disease Cigarettes
Cancer of the oral cavity. 8.8
Pharyngeal cancer 25
Esophageallcancer 7.3
Pancreatic cancer 9.0
Laryngeal cancer 6:8
Lung cancer 8.7
Bladder and kidney cancer 9.5
Coronary artery diseass 4.2
Coronary heart disease 3:5
Aortic aneurysm 4.5
Emphysema, bronchitis, or
both 10.0
All causes for current. smokers 2.0
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Average critical levels relative to
diseases to which smokers are partic-
ularly susceptible are listed in Table
1, expressed'as daily numbers of pre-

4
: Table 2.—Analytical Data:for Selected Low Tar and Nicotine Cigarettes'**
terms of all the major toxic smoke Carbon  Nitrogen Hydrogen
components mentioned previously. ' Tar, Nicotine,. Monoxide, Oxides,} Cyanide, Acrolein,
os . . Brand /i /i /ci /¢l /el /i
Critical levels of daily smoke inhal- . mo/clgt me/clo mo/clg pg/clg  #e/clg  #9/c9
tion have been diSC ssed tlv i Benson & Hedges Lights 10.1 Q.81 12:1 135 116 61
a cu recently in Cariton 15 015, 26 34 16 15
terms of the maximum number of Carlton Menthol 12 014 2.0 12 12 10
pre-1960 cigarettes that may be Decade 55 0146 2.3 57 49 38
smoked daily without detectable in- Decade Menthol 6.6 0,69 4.4 61 50 47
crease to the average smoker’s risk of Iceberg 100's 3.1 0:32 5.7 44 44 42
mortality beyond that of a nonsmok- Kent Golden Lights . 8.9 0.71 9:2 61 51 47
er.? These are by no means safe levels Kent Golden Lights Menthol 8.3 066 8.3 71 62 37
but merely imply that, for a smoker King Sano 5.8 0:29 1.6 196 79 38
whose daily consumptiion does not King Sano Me'nthol‘ 5.3 0:26. 13.6 205 102 44
exceed! “tHese levels an attendant L&M Flavor Lights: (King) 7.2 0.80: 4.8 40 65 30
! ‘
tob lated ' i ¥ K L&M Long Lights (100's) 6.5 0.:67 5.5 41i 69 47
obacco-related mortality risk may be Lark Il 75 061 7.3 83 84 4a
epidemiologically indiscernible from Lucky, 100 31 028, 5.3 &8 a4 28
that of a nonsmoker. Merit 8.8 0160 2.1 168 151 49
This could still imply a substantial Merit Menthol 8.4 0,61 102 172 140 52
although less readily apparent risk. Newpart Lights Menthol 10.3 0.85 12:5 86 133 s7
For instance, if the smoker’s risk of Now 19 019 2:4 25 16 15
develbping‘ lung‘ cancer ecould’ be Now Mentholi 18 0.16 2:1 30 9 13
reduced from the present level of EaIIIMaII Extra Mild 2.1 0:47 5.8 76 85 38
. 10.2 1.01 12! 9 155 7
approximately 10:1 to some value less b 3 3 s
Y. . . Real Mentho! 7.9 0.81 10.2 84 105 a4
than 2:1, this risk, while eonsiderable, -
1d be difficult t tablish id Stride 3.3 0,36 1.8 5 <10 12
could be cult to-establish epide- Tareyton Lights 7.8 a.72 26 85 76 31
ml-ologlcally; The inability to verify Tempo 6.9 056 101 166 98 a1,
this reduced risk might lead' to its True 48 0.46 5.2 72 34 29
being considered socially tolerable. True Menthol 5.2 0.42 5.7 64 43 31|

*Data analyzed by Oak Ridge National Laboratory..
tAbbreviation cig:indicates cigarette.
$Total oxides ofinitrogen.

1960 cigarettes. The: last entry in Table 3.—Reduction in Yields as Percent ofiPre-1960 Cigarette Yields
Table 1, “All causes for current smok-
ers,” is a comprehensive category Carbon,  Nitrogen Hydrogen )
. . Tar, Nicotine,, Monoxide, Oxides, Cyanide, Acrolein,
representing the effect of cigarette Brand mg/cig’ mg/cig mg/cig  ug/cig  ug/clg  ug/eig
consumption on mortality in general. Benson & Hedges Lights 77 73 47 50 72 53
These values are based on typical Carlton 97 95 89 87 96 88
yields per cigarette of pre-1960: ciga- Cariton Menthol 97 95 91 96 97 92
rettes: 43 mg of tar, 3.0 mg of nico- Decade 87 85 81 79 88 71
tine, 23 mg of CO’ 270 ug of NO,‘, 410 Decade Menthol 85 77 81 77 as 64
ug of HCN, and 130 ug of acrolein.” Iceberg 100's 93 89 75 84 89 68
Kent Golden Lights 79 76 60 77 88 64
CURRENT Kent Golden Lights Menthol 81 78 64 74 85 72
COMMERCIAL CIGARETTES King Sano 87 90 50 27 81 73
Kihg Sano Menthol 88 92 41 24 75 66
Most commercial brands today L&M Flavor Lights (King) 83 73 79 85 84 77
have yields that are below the typical L&M Long Lights (100's) 85 78 76 85 83 64
pre-1960 levels, with particular inter- Lark il 83 80 68 69 80" 66
est in lowered tar and nicotine yields:. Lucky, 100" : 93’ 91 77, 75 92 78
A recent publication from the: Oak Merit 80 80 47 38 63 62
Ridge National Laboratory™ lists the Marit: Menthol 80 80 56 36 66 60
yields of tHe six constituents referred Newport Lights Menthol 76 72 46 68 68 56
to previously for 32 brands: of com- Now 96 94 30 G 98 88
. . . . Now Menthol 96 95 91 89 98 80
merciall low tar and nicotine ciga- Pall Mall Extra Mild 88 84 75 72 84 71
rettes. Twenty-seven ot: these bran\ds Feal 76 o6 Y 63 a2 ey
have measured’ tar yields that do Real Manthol 82 73 56 6o 74 o6
not exceed 10.0 mg by more than two Stride 9z 88 92 98 >98 o1
SEs. Results. of testing for these 27 Tareyton Lights 82 76 89 69 82’ 76
brands. are summarized in Table 2. Tempo: 84 81 56 39 76 76
The lowest measured tar yield is 1.2 True 89 85 4 73 92 78
mg, and the highest is.10.3 mg (SE’ True Menthol 88 86 75 76 90! 76
0.40 mg). Average 86 83 69 69 83. 71

Table 3 presents the percentage
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*Abbreviation cig indicates cigaretts.
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Table 4.—Critical Levels of Selected Smoke Constituents

No. of Cigarettes Required

.

Carbon Nitrogen Hydrogen Lowest Highest
Brand Tar Nicotine Monoxide Oxides Cyanide Acrolain Row Entry Row Entry
Benson & Hedges Lights 9° 7 a4t 4t 7 4% 4 9
Cariton 57* 40 18 16t 51 17 16 57
Carlton Menthol 72° 43 23t 45 68 26 23 72
Decade 16 13 11 9 17° 7t 7 17
Decade Menthol 13 9 10 9 16* 6t 6 18
Iceberg 100's 28* 19: 8 12 19: 6t 6 28
Kent Golden Lights: 10 8 5t 9 16° 6 5 18
Kent Golden Lights Menthol 10 9 6t 8 13° 7 6 13
King Sano 15 21° 4 31 10! 7 3 21i
King Sano Menthol 16 24" 3t 3t 8. 6 3 24
L&M Flavor Lights (King) 12 8t 10! 14° 13 9 8: 14
L&M Long Lights (100’s): 13° 9 8 13° 12 6t 6 13
Lark i 11* 10 6t 7 10 6t 8 . 1
Lucky 100 28* 21 9 8t 24 9 8 28
Moerit 10°* 10°* 4 3t 5 5 3 10
Merit Menthol 10* i0°* 5 3t 6 5 3 10
Newport Lights Menthol 8°* 7 41 6 6 5 4 8
Now 45 32 19 22 51* 17¢ 17 51
Now Menthol 48 38 22 18¢ 91° 20 18 9%
Palt Mall Extra Mild 17* 13 8 7t 13 7%, 7 17
Real 8* 8 4 ] 5 3t 3 8
Real Menthol 11° 7 5% -6 8 ] 5 11
Stride 26 174 26 108* >82 22 17 108:
Tareyton Lights 1 8 18° 6t 1 8 6 18
Tempo t2* 11 5 3t 8 8 3 12
True 18 13 9 8t 24° 9 8 24
True Menthol 17 14 8t 8t 19* 8t 8 19:
*Highest row entry.
tLowest row entry.
Table 5. —Yields of Selected Constituents Concomitant With Yield of 1 mg Nicotine*
No. of Cigarettes Necessary Tar, Nicotine, Carbon Nitrogen Hydrogen Acrolein,,
Brand to Yield 1 mg Nicotine mg mg Monoxide, mg Oxides, ug Cyanide, pg ug
Benson & Hedges Lights 1.2 12.1 1.0 14.5. 162 139 73
Carlton 6.7 10.1 1.0 17.4 228 107 101
Carlton Menthol 7.1 8.5 1.0 14.2 85 85 71
Decade: 2:2 121 1.0 9.5 125 108 84
Decade:Menthol 1.4 9.2 1.0 8.2 85 70 66
lceberg 100°'s 3.1 9.6 1.0 17.7 136 138 130
Kent Goiden Lights 1.4 12.5 1.0 12.9 85 71 66
Kent Golden Lights Menthoi 1.5 12.5 1.0 12.5 107 93 56
King Sano 3:4 19.7: 1.0 39.4 6661 269 119
King Sano Menthol 4.0 21.2 1.0 54.4¢1 820t 408 176
L&M Flavor Lights (King) 1.3 9.4 1.0 6.2 52 85 39
L&M Long Lights (100's) 1.5. 9.8 1.0 8.3 62 104 71
Lark Il 1.6 12.0 1.0 11.7 133 134 70
Lucky 100 3.6. 11.2 1.0 9.1 245 122 101
Merit 1.7, 15.0 1.0 20.6 286 257 83
Merit Menthol 1.6 13.4 1.a 16.3 275 224 83
Newport Lights Menthol 1.2 12.4 1.0 15.0 103 160 68
Now. 5.3 10.1i 1.0 12.7 133 85 80
Now. Menthol 6.3 113 1.0 13.2 189 57 82
Pall Mall Extra Mild: 2.1 10.7 1.0 12.2 160 137 80
Real 1.0 10.2 1.0¢ 12.9 99 155 76
Real Menthaol! 1.2 9.5 1.0 12.2 101 126 53
Stride 2.8 9.2 1.0: 5.0 14 <28 34
Tareyton Lights 1.4 10.9 1.0 3.6 119 105 43
Tempo 1.8 12.4 1.0 18.2 299 176 56
True 22 10.6 1.0 1114 158 75 64
True Menthaol 2.4 12.5 1.0¢ 13.7 154 103 74
Critical Value Not Applicable 86.0 6.0 48.0 540 820 260

*Each column also gives constituent/nicotine ratio. For example, entries under column headed ““Tar" give tar/nicotine ratios.

tExceeds critical value.
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reductions in yields of these brands
compared with yields of typical pre-
1960 cigarettes. Reductions range
from a high of more than 98% (Stride
HCN yield) to a low of 24%. (King
Sano Menthol NO, yield). On the aver-
age, the brands under consideration
have had the greatest percentage
reduction in tar yield (86%) and the
least percentage reduction in CO and!
NO, yields (69%) compared with pre-
1960. cigarettes.

_ The numbers of these cigarettes
smoked daily without exceeding criti-
cal levels have been caleulated from
the data:in Tables 1 and 2, as in the
following example: since the critical
level for all causes is. two pre-1960
cigarettes; each yielding 43 mg of tar,
the number of Benson & Hedges
Lights (10:1 mg of tar each) with the
equivalent tar yield is 8.5. Thus, 8.5
Benson & Hedges Lights have a: total
tar yieldiequallto the critical level for
the “All causes for current smokers”
category.

Similar values for all of the brands.
and constituents considered in this.
article are given in Table 4, rounded
off to the nearest integer. Critical
levels were calculated under the:
assumption of a smoking pattern
uniformly distributed over a ten-hour
period for any given day. Deviations.
from such a smoking pattern could

alter some: critical values, such as.

those associated with CO:effects."”
The lowest entry in each row of
Table 4 represents the maximum
number of cigarettes of that brand
that if smoked daily wouldinot exceed

the critical level for any of the:smoke:

constituents. considered. The highest
row entry represents the maximum
number of cigarettes of that brand
that if smoked daily would not exceed

at least one of the smoke constituents.
considered. The:range from highest to.

lowest row entries:provides the smok-
er with intermediate goals for grad-
ually reducing his smoking habit

through progressively less hazardous.
smoking stages: proceeding in this.

manner, he would gradually reach the
lowest row entry as:a daily maximum
cigarette consumption level.. At this
point, the smoker is likely to be more

receptive to taking the finall step

toward total cessation.'” Similar con-
siderations apply to brands not ex-
plicitly addressed in this anticle. If
the majority of smokers proceeded
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along these lines, it would be reason-
able to predict a substantial decrease
in tobacco-related morbidity and
mortality.

It should be noted from Table 4
that the highest row entries for 14
brands.are for tan yields, whereas the
lowest. row entries for 13 of the
brands.are:for NO, yields. In addition,
lowest. row. entries for nine brands
occur for CO and aerolein. These
values suggest that the: cigarette
manufacturers should concentrate on
the: further reduction of NO, yields;
while still attempting to reduce
further the: yields of otHer constitu-
ents, particularly CO and acrolein.

With the introduction of relatively
low nicotine yields, it has been
suggested that some smokers may
compensate by increasing the: total
number of cigarettes smoked to main-
tain a fixed' daily level of nicotine
intake." The daily intake of other
constituents for such a person would
depend on the nicotine compensation
rate. Table: 5 lists the yields. of
selected smoke constituents concomi-
tant with the yield of 1 mg of nicotine
for the brands under considernation.
For example, for Benson & Hedges
Lights, about 1.2 cigarettes yield 1 mg
of nicotine. This same number of
cigarettes yields 12.1 mg of tar, 14.5
mg of CO, 162 ng of NO,, 139 ug of
HCN, and 73 ug of acrolein. Thus, a
smoker compensating to:1img of nico-
tine would be exposed also to these
vields of other smoke constituents:

Compensating to other nicotine val-
ues. would affeet associated yields
proportionately. Table 5 allows a
smoker to-estimate his smoke constit-
uent intake; depending on his own
nicotine: compensation rates. The 1
mg of nicotine yield (one sixth or 17%
of the critical value) is accompanied
by an NO, yield that exceeds the eriti-
cal level for two brands.and by a CO
vield that exceeds it for one of these
brands. For the nemaining brands,
the nicotine intake can exceed 1 mg
before concomitant. yields of other
constituents exceed critical values.

COMMENT

Pre-1960: cigarettes have contrib-
uted most to the current epidemic of
tobacco-related diseases, and epide-
miologic studies: show a relationship
between number of cigarettes smoked
daily and the risk of the development

JAMA, Sept 15, 1978—Vol! 240, No. 12

of disease. From these studies, we can

define the critical daily smoke intake:
that would not appreciably increase:

the risk of the smoker over that of the
nonsmoker. :

Because different cigarette brands.

deliver different amounts of smoke of
different. compositions, this critical
smoke: intake can be met by smoking
different. numbers of cigarettes, de-
pending on brand.

Today, cigarettes having toxic con-
stituent yields. considerably below
pre-1960 cigarettes are feasible, and
forerunners. of such cigarettes are
commercially available. Twenty-sev-
en brands that fall into this category
were tested at the Oak Ridge National
Laboratory, and the numbers of these
cigarettes smoked daily without ex-
ceeding critical values have been esti-
mated for six major toxic smoke
constituents. These critical values
may serve as intermediate goals for a
smoker who is intent on reducing his
smoking habit through progressively
less hazardous smoking stages. These
calculations are based on the assump-
tion that the smoker of the low tar
and nicotine cigarettes will not
change his smoking habits in terms of
depth of inhalation, frequency of
puffing, and butt length. Findings of
recent studies suppert this assump-
tion.”

Although the: yields for the 27
brands are considerably below the
yields. of the typical pre-1960 ciga-
rettes, additional reductions are war-
ranted, particularly with respect to
NO,, CO; and acrolein. Otherwise,
smokers' who' compensate for fixed
levels of nicotine:intake, even though
these levels. do not exceed critical
values for nicotine; may be:subjecting
themselves. to daily intakes of other
toxic smoke constituents in excess of
their estimated critical values.

Methods for further reductions. in
vields of toxic smoke constituents
have been developed through research
such as.that conducted by the Nation-
all Cancer Institute’s. Smoking and
Health Program.” One of the princi-
pal objectives of this program is to
identify those characteristics of ciga-
rettes that lead to toxic andi other
adverse effects and' to develop meth-
ods for*reducing or eliminating such
factors: Progress has been made thus
far in improving methods for redue-
ing' tar yields through the use of

Less Hazardous Cigarettes—Gori & Lynch
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reconstituted tobacco sheet. and in
reducing nicotine yields through to-
bacco extraction processes. and re-
blending. Other smoke yields Have
been: adjusted through selected: com-
binations of filters. and smoke-dilu-
tion devices, the use of high-porosity
paper, the use of tobacco blends rich
in nitrates, and the adjustment of the
cigarette’s burning rate. Further in-
corporation of these and other state-
of-the-art advances. coupledi with fla-
vor acceptability characteristics can
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improve commercially available ciga-
rettes to the point where: they may
properly be termed less hazardous.

The rationale for developing less
hazardous cigarettes rests on the fact
that despite:the publicity given to the
health risks:associated with smoking,
more than 50 millioni Americans still
smoke. While programs to discourage
smoking should continue, these edu-
cationall efforts: should be coupled
“with others directed!toward reducing
the risks to:persistent smokers.
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ous cigarettes may provide an alter-
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Although! this:
would not eliminate the: risks to: the:
smoker, it is'an approach that has the:
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