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detector current was 250 ma. 
jnjection port was heated to 

,;rople aliquot of ten (10) mi-
t ·rs ,vas chromatographed. Ap
e atelY ten minutes per sample 
required. (Figure 1) 

responses of the standards 
/ corrected by subtracting the 
onse due to the reagent blank. 

corrected response was then 
ted against the_ corresponding 
entration. A lmear standard 
e was obtained. A corrected re

nse for the samples was found 
substracting the average response 
the three blank pads from that 

each sample. The corrected re
nse was then converted to total 
5, of water per pad by a direct 
ding from the standard curve. 

' u!ts and Discussion 
t is important that the sample 
e limited exposure to the atmos
re throughout the entire analy-
i therefore, the filter holders were 
ped immediately upon removal 

om the smoking machine. When 
pads were placed in test tubes, 
, were immediately sealed with 
m bottle caps. This permitted 
pling from each tube with no 

rther exposure to the atmosphere. 
hen the standards and sample were 
eated in the same manner, it was 
ossible to keep them for an indefi
ite length of time. Samples prepared 
nd analyzed after two hours and 

again at twenty-six and fifty hours 
showed no increase· or de-crease in 
water content. (Table 1) 

The minimum length of time 
:-necessary for extraction was found 
, to be 20 minutes. (Figure 2) 

. The recove•ry level for the .analy
:s1s 1vas established by analyzing 
forty samples of known water con
centration. Ten samples were each 
prepared with 5, 10, 20, and 30 mgs. 
of water. The average recovery for 
all forty samples was 101 % . The 
10-20 mg. range which is the level 
for moisture in T .P .M. exhibited a 
);andard deviation of 3.4%, (Table 

Cmnparison with Karl Fischer 
Analusis. Table 3 shows a compari
;n of the gas chromatographic and 

Table 1.-Recovery of 1 0 mg. of water vs. time 

TIME OF STORAGE, HRS. 
Sample 2 26 50 

A 10.0 mg. 10.0 mg. 9.8mg. 

B 9.4 9.8 10.0 

C 9.8 9.8 9.8 

D 10.4 10.4 10.4 

E 10.0 10.0 10.0 

Table 2.-Study of percent water recovery 

mg. H,O 
added to pad 5 mg. 10 mg. 20 mg. 30 mg. 

104% 100% 103% 101% 

100 94 103 100 

94 98 105 101 
% RECOVERY 

106 104 105 93 

ON TEN 114 100 95 97 

106 106 100 100 

REPLICATE 94 100 97 100 

114 98 97 99 

104 100 100 99 

106 97 102 104 

avg. 104% 100% 101% 99% 

S. D. 6.9 3.4 3.4 2.9 

ar] Fischer methods. Ten samples 
;~ four cigarettes each were smoked. 
l/Ve samples were analyzed by the 
J.\.arl Fischer method and the re
ll1ainder by gas chromatography. The 
~ve1~age of the two sets varied by 
.19o moisture. This variation points 

out a second advantage of the, gas 
chromatographic method over the 
Rarl Fischer. The gas chromatog
raphic method separates the mois- Figure 2. Extraction curve. 

(Tobacco· Science 155) 
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ture from all interfering substances 
and specifically measures the mois
ture. Results obtained by the gas 
chromatographic method are there
fore more accurate than those ob
tained by the Karl Fischer method. 
The Karl Fischer method requires 

immediate analysis of the sample 
and also requires that the entire 
sample be used for the moisture 
determination. The gas chroma~ 
tographic method does not require 
immediate analysis of the sample. 
Furthermore, only a fraction of the 

Table 3.-Comparison of gas chromatography and 
Karl Fischer methods 

GAS CHROMATOGRAPHY KARL FISHER 

mg.H,O mg. t.p.m. % H,O mg. H,O mg. t.p.m. % H,0 

3.2 27.9 11.5 3.9 31.9 12.2 

3.1 27.1 11.4 3.0 26.0 11.5 

3.5 27.9 12.5 4.0 28.5 14.0 

3.4 27.4 12.4 4.0 28.1 13.2 

3.0 26.5 11.3 3.5 27.3 12.8 

avg. 11.8 avg. 12.7 

S.D. .57 S.D. 1.06 

Table 4.-Ten replicates of one sample 

mg. H,O MG. T.P.M. % H,O IN T.P.M. 

2.6 
2.6 
2.5 
2.6 
2.7 
2.6 
2.6 
2.7 
2.7 
2.5 

27.6 

% H.lO based on sa•mple T.P.M. weight of 27.6 MG. 

9.42 
9.42 
9.06 
9.42 
9.78 
9.42 
9.42 
9.78 
9.78 
9.06 

avg. 9.46 

S.D. .27 

total sample is used per analysis, 
additional moisture determination~ 
can be made on the_ sample when the 
gas chromatographic method is used 
(Table 4) · 

Comparison with Near-Infrared 
Analysis. Table 5 shows a compari
son of the gas chromatographic and 
near-infrared methods. Ten (10) 
samples of a different cigarette were 
smoked. Five (5) of the T.P.M. pads 
were sumbitted to gas chromatog
raphic examination and the remain
ing five T .P .M. pads were analyzed 
by near-infrared. The samples exam
ined by the near-infrared method re
quired a considerable amount of time 
per sample for analysis. Since water 
is absorbed from the air if the 
samples are not analyzed immediate
ly, only a few determinations can be 
made at one time. This limits the 
near-infrared as a routine method 
for a large number of samples. In 
contrast, the methods of handling 
and storing the samples for gas 
chromatographic analysis prevent de
lay in analysis from affecting the 
concentration of the samples. This 
is the reason a large number of 
samples can be submitted for analysis 
simultaneously. This gives the gas 
chromatographic method a tremen
dous advantage over the near~in~ 
frared method. 

Summary 

A technique which offers an easy 
and rapid method for moisture analy-t· 
sis of T.P.M. has been developed. The,: 
necessity for immediate analysis-:/ 
after smoking has been eliminateQ>; 
The method also allows several ~o~~ 
ture determinations on a smgl1}j 
sample. Through the use of the g"%)ii 
chromatographic method, a lar~: 
number of samples can be anal 
for moisture with a high degre 
precision in a relatively short pe 
of time. 

Table 5.-Comparison of gas chromatography and near infrared methods 

GAS CHROMATOGRAPHY NEAR-INFRARED 

mg. H,O mg.t.p.m. % H,O mg. H,O mg. t.p.m. % H,O 

2.4 27.2 8.7 3.48 30.8 11.3 

2.6 25.9 9.9 2.70 26.7 10.1 

2.8 26.3 10.6 2.57 26.8 9.6 

2.5 25.8 9.6 2.25 25.6 8.8 

2.3 26.3 8.8 3.00 26.3 11.4 

avg. 9.5 avg. 

S.D . . 79 

(Tobacco Science 156) 
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