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1. INTRODUCTION

The degree of indoor poì-lution de-
pends, together with other factors,,onthe
amount of tobaco smoked and upon the ven-
tilation rate suppl-ied. l¡le theref ore need

to quantify the pol-l.utlon generated by

cigarette snoking so that it can be diluted
to a+ acceptabLe LeveL. The quantity of

i.-:l.,ciEarettes srnoked will depend upon the us.e
t ¡'' of the room. We therefore need to identify

the smoking habits of the occupants of
different, type of roon.

This paper describes the invegtlgati.on
by O.saka University to quantify the pro-

.portion of occupants who smoke, the quantl-
ty of cigarettes smoked, the time taken to
smoke a cigarette and the interval between

cigarettes smoked. The spaces studled
were an office, a conference. room, a cafe
and the waiting roon ln a bank.

2, INVESTIGATION METHOD

- The proportion of a.dutrt occupants

actually smoking js defined as ß f which
(- is different from a, /" the proportion of

habitual smokerrs in the adult. In ùhis
report ßM ls the fractj-on of males' ßF js
that for feme.les- and ßs the proportion of

, hab'itua 1 s mokers r.¡ho .are . 
srnoklng . The

average value of ß v¡as obtalned by counting
' the nunber and sex of the snokers

and of t'he t'otal occupant's of the room

every ten_,minutes. Thls determined
the average,nqpler of smokets. All
the eigarette butts thrown qvrâY

durlng the lnvestigation were èol--

lected and counted. The butt length
was then neasured so that' the burnlng
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length of each cigàiette couLd be ealctr-
1ated. This enabled the average burning
length of the clgarettes to be estimated.
Calculations were then'made on the follow-
ing bas ls :

to'"iåï" :i;li:lr:t'") rs (nrn/cie')

Total- smoking time (min) 
---Total number of cigarette butts (cig.)

( Duration of )*( Average nunber 'ers )ofs
num ro o garet e tts

Average
rate of "lå;låTl"l 

u' (mm/mrn)

Averåge butt l.ength
te ) (mm/c j.e. )

(1)

(2)

(3)

(

(

r

per cigaret "tt*")(min/cts.)
verage smo

Average smoking interval; S.I. (min)

, Peri.od of '..,Nunber of habitualr\investigation/^\smok.ers ln room /
--TõTaT. ñumbé¡ of' cigarette butts

of people who habituatly smoke (Taþl'e 1 ).
Japanese nen, have Jhe high.est proport'lon
of habitua I smokers in the wor'l-d. However,
there are clèar,sexual ,d.iff erences ln sÍ.
The 

. 

eigarette s19ke, conditlon in a room

3. RESULTS OF DISCUSSION

1) s%. The Monopoly Corporatiônls report
shows the trend in time tn the propottion

I
(fi
s

Tabl-e 1 Pro-portion of habitua
ad u lt' po,prt la t i on : o
Monopòly Corporat Ìon !

s noker s in the
the) ,(

f epo
frrton

s)

Year

t66
7l+
75
77
78
79
80

Male 'Fe 
ma Ie

83.7
78,3
76.2
75.1
'l lr .'l
73.O
70.2

Osaka Universityr Fa.culty of Engl-
neering, ?-1 Yamadaoka, Sulta, 0saka,
Japan 565

1

1

1

"1
1

:1
't

8. /+

5,1
5.1
5,1
6,2
5.0
4.4

otal
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r¡roul-d therefore be strongly infJ_u-
enced by the proportion of each sex
present.
2) Bfr , The nurnber of srnokers pre -
sent in a roon can be estimated from
knowledge of the occupancy ratio
and ß the proportlon of smokers.
i) A LABOLATORY CONFERENCE ROOM

The occupants and smokers were few
J n number . Comprehens ive details of
the cigarettes smoked are given in
Fig. 1. The average nunber of smoke¡s
was recorded at 1t, 5 and 10 minute
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intervals (tabl-e 2). The dispersion
of those values decreases as the tine
interval is reduced and as the number
of smokers and occupants increased. For
other investigations numbèrs of smokers
and occupants were recorded at 10 minute
lntervals. Three investlgations are
summarised in Table 3, and show average
values for ß, ßM and ßs. The femal_e was a
non-smoker. These val-ues are not typical,
except for ßs, because the sarnple size
was so small. The average nunber of
snokers in a conference room can gener-
aIJ-y be estimated by taking 28Í of the
habitual smokers ßs.
ji) AN oFFICE The smoking habits, i-
dentified by questionaj.re, are given in
Table /+. The value f or q is smal-ler than
the national flgure. . The change in the
proportion of peo¡Ìe smoking S throughout
the day suggests that smokers are more

likely to somke inrmediateJ-y when they
enter the office just before or after
l-unch time and around 3 p.m. The average
vaLues of ß are given in Table 5.
Slightly higher values of ß would ex-
pected based on the national- val-ue for
habitual smokers o. People smoking aü

any one tlme can be estimat'ed as 15ft of
the number of habitual- smokers.
ïi) A BANK }¡AITING RooM Visitors com-
prised 53% nal.e and l+1ft f emal-e. Average
values for the smokers ß, BU and ßF are
listed in Table 6. Accepting the
national a.verage of habitual- smokers
o¡ typical values would be 13fr of the
males and 15ft of the f enal_es woul_d be

smoking at any one time.

TabLe 2 The nveragc number of sm¡rkc¡s in a t:onferance
room

Surv e y
intervals
(min)

Surv ey
nt¡mber

Investigation
ll I II

N.¡. I 1A ta

5.0

1 0.0

'l'able J Ratlo of smokers to occupants ln a conference room

lnvesLigatíon II

?.2
2.3
2.1

1,5
?.1
1.8
t.8

2.8
3.0
1A

No.1
?

t,

¿-ö
1.0
7.1
2.6

1,)
2.0

t,ó

:).¿)(,
1.0
1.0

llr.1
2
)
/,

20

8

16
,l

a.i

at

8.1
7 .1,

7,5
7.6
I .O

7.6

8,?
9.1

8.6

7.6
6.5
6.5

9.6

6.0
5.'l
4.9

'l .'l
5.8

(9.1)
(e.8)
(9.8)
(9.8)

9
1

)

III

I

f)rrr.ntion (min)
llumtrer of occupnnLs (personr;)
Nu mber of habi b ua I s mokers ( per s ons \

Average number of people
smoking ( ¡,ersons )

Pro¡rortion of ¡,'eop1e smôking
Propor.t i on ol males smoking
lroportiolr ol habiLual slnoker.s

85

2t
10

2.8

13 .)
'l /' .0
28.0

88

1,8

6

1.8

10.0
10.6

30.0

't5

21

9

2.3

11 .0
11,5
25.6

Table /. The proportj,on of habituaL smokdrs in an offlce room

Male Female Total
Number of quesLionalre (pet'sons)
Number of no answer (persons)
Raü1o of sexual compositlon (l)
Nunber of habltual smokers ( persons )

os (ß)

69

?

8/,

38

61 .)

89
't5

100

39

52,7

Table 5'The proporùlon ol people actLlnlly smoking in an ofCiee

Time
9\12 12 \ 13Date

-sep. r?4
1 0rh
11
12

Ave.

6
I,
7
7
I
6

Feb. r75

tTth
18
19
20
21

Ave.
,5 (11 . t,)
.9(10.0)



a8? 6TII INTERN,{TIONAL syMposruM oN coNTAMINi{TroN coNTRoL. r9B2iv) A CAFE The proportion of people
srnokimg was recorded during the peak Tnble 6

P.n. and 5 to 7 rype ot
are g iven in Tabl-e room

6, The proportion of peopLe smoking ß

is nuch hlgher than in the previous
rooms. The proportlon of u¡omen smoking
ls partlcuJ-arly high. Accepting the
national values for habitual_ smokers re-
sults ín 33ft of habitual male smokers
and 33Í of the habituar femal_e smokers
actually smoking at any one ti¡ne. The

dlstlnction,between sexes has disappeared.
here.

4. SMOKING DURATION PER CIGARETTEi T"r
AVERAGE BURNINc RATE: V(mm/mln), AND

SMOKING INTERVAL: S.I. (minutes)
i) AN OFFICE Values for the smoking
tirne, clgarette lengh and snoking interval
are presented ín Table 7. The length of
eigarette burned 1s sllghtly greater in
the morning than in the afternooh, but is
greatest at luneh time. The time taken in
smoking the cigarette is longer during
lunch time than during work. The burning
rate is correspondingly l_ower during 1unch
time. The time interval betv¡een starting
one clgarette and starting the next is
signifibantly shorter in the morning than
the afternoon.
N) A BANK. ÍIA.ITING ROOM AND A CAFE

The analysis is presented ìn Table 8.
This suggests that snokers are more likely
to snoke in a cafe than eLsewhere.
Jil) A LABORATORY CONFERFINCE ROOM.

The smoking behaviour of each smoker in
a conference room is presented in Table 9,
together with the ones obtained by the
same nethod in an office. There. is good
agreement. S.l. can be calcul_ated from
the knor¿ledge of daily cigarette consump-
tion and the 16 hours awake. Tabl-e 9

shows the comparison between the
neasured value and the estimated val_ue
of this elasped time. The values are
quite different. There is al_so a

difference between conference room
and office. This suggests that the
rate of smoking cigarettes rises
during a conference.

Type of room

265
l'ro¡rorbion of pcoyrle smoking in a t)aÌìk waiting
r oom a nd rr r:a le

periods of noon to 2

p.n. Average val-ues Date ActuaIJ.y
smoking

MaJ es
actually
snok tng

Fema,l.es
ac l ua J.ly
smoking

llrr rr k
wa 1L Irrg
room

t'75 Âpril 1ul
2 rrd

o.,
1,2
0.8

9.'
9.6
9.'Ì

5.?

Âverage

lr r:n Cc
15 .)
l7. t

16 .5

t75 l.lnl.eh 26l.lt
f ,2fì rh

Average

?1.6
2_6.)

/,.j
/,.9
t,.925.t,

5. CONCLUSION

There is a large dífference in the
proporbion a of habitual_ smokers in men

and women. If the nunber of occupants
and the proportion of each sex are known,
then the number of people smoking at one
time could be estimated roughly from
these values of ßM and Bp found in these
surveys. If, in addition, the number of
habitual- smokers in a space is known,
then bhe number smoking at any one time
can be estimated with even nore accuracy,
using this data for ßs, the proportion of
smokers smoking. In general, the propor-
tion of people smoking rises in relaxing
circumstances such in a cafe, and also Ín
a conference neeting, in comparison with
ordinary office work. The particuJ ate
matter generated continuously by smoking
cigarettes one by one for an hour(mg/trour)
is nearly proportional- to the rate of
burning the cigarette V" (mn/mln). This
burning rate is a function of the roorn
use. Values of Vs for a relaxing cafe
atmosphere and also for a conference room
may be smal-1er than that f or an of.f ice.
The particulate rnatter generated wil_l
therefore be a function of the product of
burïing rate V" and percentage of habitual
snoker who are likei-y to be snoking at any
one time. Val-ues of this produôt, an
index of pollution, are given by:

ß-ltt v.tÉ2-s 
trn'iñi"¡ (ß5xvt¡ar

(

An office O.15
A conf erence roo¡n 0.28
A caf e 0.31r

9.0
7.0
6.8

t,

0

3

1

a

2

r(1 ) Fraction

2
average
Burn ing
fndex of

of habitual smokers who wll_l_
be smoklng
rate of cigarette

¡o1 lut ion.)(
3

on
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Tabl-e 7 Cigarette smoking jn an office

Date
T ime

( hour )

NlÉ 
r

(cig.) ',, 
tt'

(person)
Ts

(min/cie.)
r ì(3Ls

(mm/cig.)
vs

( mm/min )

S.I .

(min)

pt
7l+

31
236

255
28

211

267
27

203

26

30

28

33

26

35

12.1
7 ,l+
8.6
8.1
9,6

8.3
6.0
7.7

/+

5
,l

6
6
8

5
I
0

37,
38.
36.
35.
35,
33,

3,1
5,2
l+.2

lr,/,
3.7
l+ .1,

l+.3
6.0
l+.1,

1 0th

11

12
35,
35.
3/+.

l'.6
2.7
5.5
6.3
1.8
5.1
6.1+
4. t
5.0

2699u12
12 q' 13
13."16
9,\' 12

12 q, 13
13 ¡' 16

9q'12
12u13
13 *16

Se
I

230
180

22t,
20/,

301
23'l

26tr
237

257
229

36,
36.
3?,
37,
38,
35,
36,
35.

31
39

31
3l+

23
30
2?
30

27
31

/.o
8.0

1lr.1
9.6
oo

10.8
9.0

10 ,2
7,3
8,5

lr
7

I

2

6
lr

0
0

3
9

4, .8
lt.6
2,7
20

3.9
3.3
l+.0
3 .l'
5.0
l+ ,1

.1
,6
.3
.t,
.5

6
t,

t,

6
l+

5

4

7
5

9 *12
13 q, 16

9 x12
13 +16
9 q,12

13 q, 16

9 q, 12
13 q' 16

9 q'12
13 q, 16

Feb.
175

1 7rh

18

19

20

21

2

9
5

1

2

{,. -

36
3t,

Average l+,2 36.0 9.0 30

*1 )*2)
x3)

N : Total number of cigarette butts
trs: Average nlrmber of smokers
Ls: Average burning cigarette length by smoking

Tabre 8 cigarette smoklng in a bank waiting room and in a cafe

Type of
r oom

Tl.me

(trour )

IS

( nin/cig . )

Ls

( mrn/c ie . )
VS

( mm/min )
Date

Nns
(cig.) (person)

Wa it 1ng
r oom

AprlI 1 strr 2nd
9.1
9.0

37 ,2
/r0.5

l+.1
l+.5

,t' 15
,t' 15

11
11

6
5

0
7

1.8
1 .l+

6,9
'l .6

93
176

76
'188

37 ,6
37 .2
36,1
37 .0

5 .lr
lr,9

5,1
6.7

l+,2
7.2
3,2

10 .5

12 q, llr
17 c' 19

28th 1tr:it

March26th
A cafe

7,2
5.5

ilI

TabLe p Cigarette smoking jn a. conference room

Smoker s. c. ìÉ

( cielday )

Ts

(min/cig)
s.r.

( meas ured )
( min )

S.I.
( estimated )

(min)

61,,

80
38

16-19
/+8

16-19
32
3e
38

A
B
c
D

E
F
G

H

I

6o

6o

15
12
25

20

io
25
25

50

50

0
t,
0
6
1

7
1

5

3

5
5
8
t,
6
3
5
5
7

18.
27.
17,
8.

I
8
7
9
6
1

3
8
3

26.
11.
17.
21 .
35.

Avera
(estima

ge
ted )

20.6
21 .0

Averag e 29 5,6
5.2

x S.C. : Smoklng rate of cigarette per day

33


