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The efforts to quantitate certain 
quality factors in cigarette smoke 
that have been variously de-scribed as 
"bite" or "strongness" have involved 
the search for compar.atively simple 
tests which would indicate the acidic 
or basic nature of the smoke. Al
though the definition of pH would 
tend to preclude its use in defining 
an aerosol system, pH-related studies 
of cigarette smoke have been fre
quently reported in the literature. 
Grob (1), for example, described a 
method for ·determining the pH and 
buffering capacity of cigarette smoke 
using the smoke condensate removed 
by a cotton filter. Shmuk and Koles
nik ( 13) reported pH values ranging 
from 5.6-8.5 from the smoke of vari
ous types of tobacco. Kobishi, et al 
(9) listed values for pH of smoke of 
Turkish, flue-cured, burley, and na
tive Japanese tobaccos. Other work
ers (10, 12) have published pH 
values based on a simple perform
ance test of the smoke condensate 
solution. 

Figure I. (a., b). Smoke trains. 
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In most of these .studies, the smoke 
condensate from several cigarettes 
was dissolved in water and the pH 
of the resulting solution determined. 
The effect of the vapor phase of the 
smoke was arbitrarily eliminated due 
to the method of collecting the con
dernsate. Although some acid-base 
comparisons of .smoke may be made 
by investigating only the condensate 
from the whole smoke, there is pres
ently no vrny to properly assess the 
effect of the gas phase or to corre
late the information obtained with 
the puff-by-puff experiences of the 
smoker. 

Following the precedent estab
lished in the prior art, the term "pH 
of smoke" is used in this study to de
scribe the acid-base effect of whole 
smoke on an aqueous film under care
fully prescribed conditions. This 
study provides a more rapid and so~ 

T
ob

ac
co

 S
ci

en
ce

, 1
96

7,
 1

1-
6,

 p
. 2

5-
30

, I
S

S
N

.0
08

2-
46

23
.p

df
P

ub
lis

he
d 

w
ith

 k
in

d 
pe

rm
is

si
on

 fr
om

 "
T

ob
ac

co
 In

te
rn

at
io

na
l"



phisticated approach toward making 
pH-related measurements of tobacco 
smoke. The procedure also enables 
comparison of the pH effect of whole 
smoke on a puff-by-puff basis. 

Effect of Whole Smoke on a pH 
Indicating System 

In preliminary tests whole smoke 
was passed across a calomel-glass 
electrode system as shown in Figure 
lA. After several puffs were taken, 
a definite pH reading was observed. 
The reading was reproducible, gave 
different values for the various types 
of tobacco, and responded to changes 
in the acidity or ba.sidty of the 
smoke. The establishment of a pH 
reading was presumably due to the 
formation of a conducing film of 
smoke condensate across the surface 
between the glass and calomel elec
trodes which would establish a po
tential proportional to the hydro-gen 
ion concentration of the film at the 
surface of the glass electrode. The 
pH of the film wonld depend upon the 
acid-base balance in the film and the 
effect of the vapor phase that sur
rounds it. Kamienski and coworkers 
(2-8) have published several papers 
on the detection of acids and bases 
in nonconducting gas or liquid 
through_ the use of a metallic adsorp
tion electrode, coated with silicic acid 
containing .a small amount of quin
hydrone. These workers demon
strated that a conducting medium be
tween the reference and indicating 
electrode had to be established before 
potential changes were obse·rved. The· 
potential obtained was dependent 
upon both tbe thickness and type of 
medium used. Since the glass elec
trode is specific for hydrogen ion, 
the potential established by a film of 
water between the reference .and 
glass electrodes should he responsive 
to the passage of an aerosol such as 
smoke across the film. 

Design of Electrode and 
Smoking Train 

The original smoking system 
shown in Figure IA was subject to 
random electrical interferences. A 
more stable system was achieved by 
substituting a combination electrode 
for the glass-calomel pair and by 
making minor changes in the smoke 
train. The final system consisted of 
a smoke train, a modified combina
tion electrode, pH meter and recorder 
arranged as shown in Figure lB. 
Modification of the electrode in
volved removing about one inch of 
the outer glass jacket, replacing the 
seal with four rubber "0" rings and 
adding a longer linen thread. De
tails of the modified electrode are 

Table 1. pH of Cigarette Smoke 

_ _l'ype of Cigarette Minimum pH Maximump~ 

70 mm. blended, nonfilter 

85 mm. blended, nonfilter 

85 mm. blended, cellulose 
acetate filter 

85 mm. blended, cellulose 
acetate-charcoal filter 

70 mm. flue-cured, nonfilter 

70 mm. burley, nonfilter, 
uncased 

70 mm. burley, nonfilter, 
cased 

shown in Figure 2. 

Reagents and Apparatus 

Mean 

5.80 

5.82 

5.91 

6.15 

5.70 

6.62 

6_36 

Smoking Machine. Filamatic Vial 
Filler, Model AB-5, modified to 
take a 35-ml. puff of 2 seconds 
duration once each minute (1). 

Smoke Collecting Assembly. 
Smoke chamber, electrode hold
er, Cambridge filter assembly, 
gas washing bottle. 

pH Meter. L & N Model No. 7403, 
or equivalent. The meter prefer
ably should have the expanded 
scale feature, assignable to any 
2 pH range. 

Electrode. Beckman Combination 
Electrode No. 39183, modified as 
shown in Figure 2. 

Recorder. Leeds and Northrup 
Speedomax W or equivalent. 

Buffer Solutions. pH 4, 6, 7 and 
10. 

Procedure 
Assemble the smoke collection as

sembly and equipment as shown in 
Figure lB. Set the pH meter on ex
panded pH range of 5 to 7 and ad
just the meter with the pH 7 buffer 
solution. Check the meter accuracy 
with the pH 6 buffer solution and re
turn electrode to the pH 7 buffer so
lution. Remove the electrode from 
the buffer solution and wipe with tis
sue to remove excess solution, but do 
not com;;,letely dry the electrode. 
Place the electrode in the smoking 
assembly and observe the reading on 
the pH meter. The pH reading 
should be between 5.9 and 6.1. If 
necessary, repeat the above proced-

(Tobacco Science 26) 

Low Higl,_ Mean Low Hi~ 

5.70 5.81 5.98 5.82 6.03 

5.77 5.86 6.00 5.91 6.06 

5,85 5.96 6.09 6.04 6.14 

6.06 6.25 6.33 6.23 6.40 

5.66 5.76 5.84 5.80 5.89 

6.48 6.89 7.14 6.95 7_,G 

6.28 6.45 6.77 6.65 6.85 

ure until this specified pH reading is 
obtained. Place the cigarette t,o be 
smoked into the holder and turn on 
smoking machine .and recorder. 
Light the cigarette as tbe first puff 
is taken. Take the desired number 
of puffs or smoke the desired amount 
of the cigarette rod. Read the pH 
values directly from the recm·der 
chart. Remove the electrode from 
the smoke chamber, wipe with tissue, 
rinse with water, and place the e lee-

,,1\,4"0.D V,to~ 
0 Rings----------.. 

Be,;kmon Probe Comb,~011 J" 

Electrode No. 39183 

(modified by remov,ng I .,ch 
of the ou1er gloss 1ocket, re
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Figure 2. Modified combination el8dr,Jde, 
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