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I. INTRODUCTION

Since the initiaticn c¢f the Smoker Simulator Studies
Program numerous piece: of data have been collected on smoking
subjects. Initially, the cata was accusulated to support the
development of project equipment; the Smoker Profile Recorder
and the Human Smokar Simulator. Recently a portion of the data
was tabulated for presentation in this report and additional
information collected to give a broader insighc of the human
smoker,

II. CONCLUSIONS:

From the data collected on R&D smoking population and
presented in this report several conclusions may be drawn:

1, The smoking parameters; puff volune,
puff duration, puff flow race, puff
interval, and number of pufis foxr human
smokers differ widely in magnitude from
Standard Smok'ny Procedure Parameters.
(Table 3) (Appendix 1). -

2. The Puff X Puff TPM obtained on Repre-
sentative Smokers from each class is
much higher than the standard data
(Table 4).

3. The testing standards presently used to
examine new and modified products may
require revision.

4. A compiete understanding of # cigarette
product's performance under sctual use
is essential in the development of rew
products acceptable to the consumer.

ITI.  DISCUSSION f
Through the application of the Smokzr Profilec Recorders,

the Human Smoker Simulator, and an extensive Computer Program &
considerable quantity of profile data has becn collected on the
majority of the RED smoking population. The General Data

Collection File now contains profile data on 144 smokers, smok-

[ 2
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ing from 2 - 4 cigarettes of their own brand. From this group,
profile data on 37 smokers (9 BEGH and 20 Marlboro 85) has been
hand-tabulated for an initial classification. The 2Zata was
based on the smoker's average puff volume. It was determined
from the average puff volume calculated for each of the 37 that
this group spanned a volume range of 25 - 99 cc. This span has
been arbitrarily divided in<e 5 classes with each ha?ing a range
of 14 c¢cc. Daza on each smoker placed in his respective class
is given in Appendix 1. The remaining parameters (maximum flow
rate, duration, interval, and number of puffs) in Appendix 1
are the low and high values from each cigarette smoked. The low
to high range was concluded to be more infermative than a single
average value which does not reflect the latitude of the human
smoker. The extensive data in Appendix 1 was further refined,
resulting in Table 1 which provides concise data on each smoker
class. The range concept was retained in Table 1 for flow,
duration, interval, and number of puffs as the average low and
average high values. |

The remainder of the 144 smokers will be classifiea
with the computer. Data from the enlarged classification will
be submitted in a future memo. The computer pvogram is being
written to provide the desired classified data from the General
Data Collection's IBM card bank on smokers.

From each of the five classes, ome representative
Marlboro 85 smoker was selected for determining Pufif X Puff TPM
data on the Smoker Simulator. The total smoking data accumulated
on the selected smokers was submitted for statistical analysis
to determine an average smoker profile for each smoker. The
statistical analysis data (Table 2) was "sed to calculate rhe
average profile data on each smoker as shown in Table 3 and‘by
graph, Figure 3. This same statistical analysis data wa. vsed
by the Computer Group to prepare five Command Tapes for Simulator
smoking. Puff X Puff TPM data, on Marlboro 8 (Table 4), was
obtained using these five tapes to command the Smoker Simulator.

This document belongs to Philip Morris US.A. 1t cannot be photocopied. 1t cannot be transferred 1o @ colleague.
It must be returned to R&D's Central File as soon as you have no further use for it
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to insuTe the sccuracy of TPM data. Tae numericsal dztz calc.-
iztzd (from the statistical analy
the figures in Appendix I i
cn the Cormand tapes. Bubble
determined on the Simulator just before TPH
to check the Simulator operation and to ver
on the tape. An average of the volumes recovered from Ports

1 - 4 should not Zeviate from the thesretical value Dy ®OT2 than

+ 4% trip Chaerts (Appendix 4} were tun o check the Simulavor

perforrance at the same time that TPM weTs deing Tim.
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APPENDIX 1

vz
|

gg SPECIFIC PARAMETER DATA ON EACH OF THE 37 SMOKERS
BY CLASS ‘ -

Profile data on 144 smokers, smoking 2-4 cigarettes of A
their own brand has been accumulated in the General Data %%
e Collection File. A hand-tabulation of 37 of these smokers 9
- (9 B&H and 28 Marlborc 85) data has been made for an initial éi
- classification. The classification was pased on the smoker's ;)
4 E% “average puff volume. From the average puff volume calculated
2 " for each of the 37 it was determin.d that the group spanned
§1 E% ‘ a volume range of 25-99 cc. This span has been arbitrarily
3' < Jivided into five classes with each having a range of 14 cc. -
E; gi Data on each smoker placed in his respective class 1s given 5
Q in Appendix 1. The remaining parameters (maximum flow rate, :
%E 8 duration, interval, and number »f puffs) in Appendi~ 1 are j
e the low and high volume from each cigerette smoked. i
: 1
‘ é% Ciaz - ¥ Smoker Data, page 10. &
Class II S.aoker Data, pages 11, 12. ;

A
Class III Smoker Data, page 13,
Cl: s IV Smokey Data, page 14.

Class V Smoker Data, page 15.
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RANGE
Puff Max. Flow Puff Duration Puff Interval No. of Puffs ié
Rate cc/min, Sec. Sec. j
Low High Low High Low High Low Righ
1646 - 2332 1.35 - 1.95 46.4 - 68.8 i
992 - 2852 1.15 - Z.10 12.2 - 123.0 4 - 9 o
1717 - 3028 1.30 - 2.0¢% 7.3 - 77.8 =
1484 - 2386 1.30 - 3.15 36.9 -~ 61.8 %
: 1393 - 2649 1.20 - 3,55 23.0 - 86.4 5 - 8 ik
F 1941 - 72889 1.20 - 3.25 21.6 - 52.6 ‘ 4
1672 - 3076 1,10 - 1.50 18.0 - 90.3
14672 - 2237 1.10 - 2.25 18.8 - 100.6 6 - 8
& 2149 - 2712 0.50 - 1.40 35.5 - §85.1 g
1710 - 2796 .20 - 1.90 36.3 - 71.6 :
: 1436 2536 060 - 2.45 26.3 - 108.2 & - 7 4
% 1052 2639 0.65 -~ 1.40 36.9 - 91.1 "4
! F 883 - 1944 1.10 - 4.05 28,5 - 126.1 8 - 8
796 - 2681 0.85 - 3.30 13.5 - 127.8
‘4"%
0 ;
1 s .
| © S
3 Cl:
|
de
P v =Y
i b
e Q
Z o, 3.0 w
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S e CLASS 11 SMOKERS
) \VERAGE PUFE VOLUM"

RANGE 40-54 cc.
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RANGE
Puff Max. Flow Puff Duration Puff Interval Puffs
Rate cc/min. Sec, Sec. _
Low High Low High Low High High
1169 - 2689 0.45 - 2.00 8.5 - 62.8
1283 -~ 2680 0.60 - 5.00 8.3 95.3 13
1590 2217 1.26 2.80 9.9 14.4
1700 2161 1.10 1.8n 23.0 58.5
1543 - 2326 1.50 2.65 22.6 55.0 &
1152 2244 1.65 2.45 6.0 80.8
868 - 2407 0.88 - .28 14.0 - 75.7
1455 - 5105 1.28 - 2.38 16.1 96.0 10
1814 -~ 4466 1.52 3,06 15.3 89.3
1193 - 2774 1.74 - 2.64 37.2 110.0
1273 - 2071 1.65 5.00 13.2 115.0
1154 - 2623 1,15 - 4.15 12.4 - 103.9 12
1118 - 2070 1.55 3.95 12.3 - 84.2
1258 - 3082 0.90 - 2.95 13.0 83.7
5 1013 - 2739 1.60 3.05 8.5 35.7
587 - 2197 1,80 - 2.70 17.2 50.1 16
1070 2824 1.2% - 2.35 3.3 - 105.3
1818 - 3894 0.90 - 1.55 9.6 117.6
1609 3514 0.90 - 2.55 8.0 - 3Z.4 14
1710 2879 0.985% 2.05 6.1 51.9
2529 - 3435 1.10 3.45 6.8 46,4
2048 - 2906 1.25 - 2.10 18.4 - 51.0 12
2073 3434 1.20 - 2.45 12.3 37.6
2175 3230 1.75 3.60 %1.6 71.5
1492 2937 1.85 2.75 77.8 177.6 8
1850 27717 1.60 2.70 18.0 233.8
1846 2671 1.18 - 2.24 48.5 - 82.7 '
1650 2477 1.52 - 2.46 16.9 - 109.7 8
1572 2603 1 70 - 2.32 42.7 -~ 71.6
1669 3177 1.16 - 1.96 8.4 - 157.0
1239 3133 2.10 2.85 12.8 33.2
1846 2939 1.85 2.50 9.1 32.1 14
1364 - 3399 1.90 4,20 10.2 78.0
- 11 -
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£ CLASS II SMOKERS - continued

fjﬁ Smoker Puff Max. Flow Puff Duration Puff Interval No. of Puffs
2 Rate cc/min. Sec. Sec.
No. Low High Low High Low High Low High
2130 - 3806 1.55 2.60 19.9 - 91.4
2454 - 3794 1.55 2.85 22.1 - 89.7 6 - 7
2042 - 3794 1.35 2.50 2.4 - 77.7
865 - 1553 2.35 ~ 3.75 61.0 - 111.0
1227 ~ 1666 1.90 - 4.00 128.5 - 202.5 - 7
1532 - 1782 2.75 4.20 170.0 - 293.1
1430 - 3554 1.25 - 2,70 26.9 - 213.96 5 - 6
1453 - 3164 1.25 - 2,50 122.0 - 145.3
2269 - 4369 1.20 - 1.80 21.19- 118.5
2174 ~ 3255 1.45 -~ 1.90 35,1 - 56.0 g ~ it
2069 - 4720 1.05 2.00 27.8 - 52.7
1378 - 1953 0.75 - 5.35 8.5 - 22.%
1230 ~ 2532 0.85 - 4.65 11.4 - 27.2 it -~ 34
1395 - 2020 g.85 - 4,80 7.5 - 4B.5
1115 - 2409 1,55 - 4.85 21.4 - 62.1
1461 - 27284 1.0¢ 3.20 25.1 - B85.8 11 - 14
1256 - 2489 1.50 4,85 8.3 -~ 77.4

This document belongs to Philip Morris USA. 1t f;'am;’@Zbe‘photooopmd. it cannot be transferred to a colleague.
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« CLASS IIT SMOKERS

3 AVERAGE PUFF VOLUME RANGE 55-69 cc.

- 13 -

RANGE
Puff Max. Flow Puff Duration Puff Interval  No. of Puffs

Rate c¢/min. Sec, Sec.

Low digh Low High Low High Low High
5467 - 4544 1.0 - 2.55 15.8 - 67.9 ’
3583 - 5899 1.35 - 2.70 23.9 - 46.9 9 - 11
3581 - 5305 1.60 - 2.80 3.0 - 37.2 ‘

 1B43 - 2706 1,35 - 2.45 44.5 - 69.9
1746 - 2898 1.35 - 2.50 34,9 - 118.3 6 - 6
2059 - 3012 1.50 - 2,80 31.1 - 83.8
2335 - 3540 1.69 - 2.95 16.7 - 67.1
2117 - 3373 1.05 ~ 3.45 18.1 - .57.2 10 - 12
2284 - 3556 1.00 - 2.25 8.0 - 49.5
1171 - 2260 2.20 - 3.40 35,0 - 187.3
1454 - 2486 2.40 - 4.55 32,5 - 75.2 5 - 10
1469 - 2857 1.35 - 3,70 34.3 - 62.6
1467 - 2417 1.30 - 2.10 8.4 - 32.7 § -~ .9
2168 - 3104 2,20 - 2.90 19.6 - 125.7
1826 - 2432 1.65 - 3.30 35.2 - 79.3 g8 - 8
1523 - 2128 1,65 - 2.95 13.2 - 80.0

f .
| This dacument belongs to Philip Morris U.S.A. It cannot be photocopied. It cannot be transferred to a colieague.
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5 cLASS IV SMOKERS

AVERAGE PUFF VOLUME RANGE 70-84 cc.

RANGE
Smoker Puff Max. Flow Puff Duration Puff Interval No. of Puffs
PR Rate cc/min. Sec. _ Sec. ‘ _
~No. . Low High Low High Low High Low High
1 2304 - 3930 1.15 - 5.00 15.7 -~ 141.0
| 1738 - 3112 1.75 - 3.55 - 17.3 - 90.1 g - 11
o 2161 - 3326 1,40 - 3,95 23.5 - 69.1
Sz 1305 ~ 3262 1.52 - 3.82 10.6 ~ 31.4
o 1556 - 3228 1,42 - 4.40 16.4 - 73.3 g - 11
o 1535 - 4660 0.64 - 4.08 10,7 - 52.8 | |
3 2377 - 3388 1.62 - 2,36 44.1 - 89,7
3304 - 3938 1.24 - 3.86 10.2 - 61,0 6 - 8
. 3066 - 4238 1.28 - 2.84 27.8 + 118.7
o 2920 - 3617 1.20 - 2.88 17.3 - 185.4 -
4 1165 - 3349 1.60 - 4.18 12.8 - 77.9 . |
o 7181 - 2748 1.65 - 3.60 24.6 -133.2 7 - 10
2667 - 3067 2.10 - 2.95 - 52.2 - 83.4 LT
S°1781 - 4997 1.05 - 3.75 . 20,2 - 45.7 T
‘1748 ~ 5061 1,15 - 2,75 26.3 - 85.9 . § - 10
2096 - 4495 0.70 - 2,35 13.7 - 99.3
6 1474 - 2334 1.95 - 2.80 37.5 - 114.7 6 - 9
1976 - 3010 1.85 - 2.95  23.0 - 69.8 .
7 3155 - 5244 1.40 - 2.25 7.3 -139.6 .
3576 - 4676 1.80 - 2.80 0.9 - 136.5 7 - 10
2403 - 4697 1.85 - 3.10 28.3 - 74.2
8 2111 - 3516 1.65 - 4.15 2.1 - 39.4 14 - 14
| 2047 - 4468 1.30 - 3.90 3.7 - 26.9 |

“ This docyment helongs to Philip Morris U.S.A. ltcamorlbd piotocopied. it cannot be transferred to a colleague.

It must be returned to R&D's Central File as soon as you have no further use for it
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CLASS V SMOKERS

AVERAGE PUFF VOLUME RANGE 85-99 cc.
RANGE

boff Max. Flow Puff Duration Puff Interval No. of Puffs

Ri'te cc/min. Sec.
Lo High Low High Low High

1269 - 3144
1234 - 4780
2409 - 4835

3511 - 4720
AGR4 - 5540
2804 -~ 5323

985 - 5813

i | This document belangs to Philip Morris U.S. A it cennoibbe photocopied. |t cannot be transferred to a co!ieague
f It must be mturned to R&D’s Central File as soon as you have no further use for it,
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APPENDIX 2

GRAPHS OF STATISTICAL ANALYSIS DATA FOR_COMPARISON

OF EACH PARAMETER FOR EACH REPRESENTATIVE SMOKER

Plots of individual parameters are frequently used to
compare smokers and/or to examine the effect of cigarette
changes on each parameter. The data calculated to prepare
the graphs is also used as a check on the data input to a
command tape.

Heading on Graphs:

Volume versus Number of Puffs Class 1-5, page
Max. Flow Rave versus Number of Puffs lass 1-5, page
Duration versus Number of Puffs Class 1-5, page

Interval versus Number of Puffs Class 1-5, page

This doc(xmént belongs to Phiip Morris U,éi}k. It cannol bg photoecopied. [t cannot be transferred to a colleague.
It must be returned to R&D's Central File as soon as Jouddve o further use for i,
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APPENDIX 3

VOLUME RECOVERY DATA ON COMMAND TAPES TAKEN WITH

A BUBBLE TESTER

Prior to TPM data collection on a Command tape, a volume
recovery determination with a bubble tester is made on each
puff and each port of the Simulator. The testing provides &
check on the computer preparation of the tape, Simulator per-
formance, and the percent accuracy of the‘TPM to be ohtained.

Class I, Volume Recovery Data, page 22

Class I, Velume Rrcovery Data, page 23
Class I1I, Volume Recovery Data, page 24
Class Iv; Volume Recovery Data, page 25

Class V, Volume Recovery Data, page 26
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APPENDIX 4 _
STRIP CHART DATA ON EACH PORT OF SIMULATOR TAKEN DURING

TPM DFTERMINATIONS

The strip chart data, at 0.25 mm/sec. speed, is cecllected
as a checkipy procedure during the TPM determinations, The
readout shows each port's m tran response, resulting from the
actual puff taken on the cigarette. An example of incorrect
resronse, resulting from a malfunction, is seen on the sheet
far Class I, puff 3, port 3 marked with an arrow. Checking
procedures are considered essential at this stage to insure
the accuracy of results.

Strip Chart, Class I, page 28
Strip Chart, Class, IV, page 29
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