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““Haskins also critically evaluated analytical methods. ~ Many of

CONFIDERTIAL WORK PRODUCT

RESEARCH AT QOHIQ STATE UNIVERSITY

This report outlines scme ¢f the experimental details
of the research conducted at Chic State University. Histeorical
aspects of the research can be found in a November 27, 1985 memo.
In brief, Lorillard provided funds to the Ohio State Resgsearch
Foundation, which in turn funded research by Mr. John Fisghel, a
graduate student at the Ohic Stats University. Dr. Joseph
Haskins was the sugezvisiﬁg professor éf the proﬁéct, The lab

work tock place between June 16, 1948 and March 3§, 1948, Chemi-~

cal analysis of cigarette smoke was attempted.

Dr., Haskins' appreoach and gomments provide insight into
the state of the art in the 1240s and before. His and Hr.

Fishel’s analysis was that zlthough

{Tlhe literature contains a number of analy-
ses of tobacoo smoke, but some cbjection may
he raised +o the procedurss fellowed in each
casa. For example, Heuberg's work, which is
the most extensive, was done by smoking
tobacco in large guantities in a pipe . . .
with a gonstanit vacuum rather than a constant
volume,

the results reportad in eariier work were bhased on nonspecific
metheds, A nonspecific method is, for example, one based on the
reducing properties of a compound rather than the specific
elemental substance. 1t was noted by Dr. Haskins that in the CSU

studies, smoke was collected from cigareties smoked in a mannex
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simulating human smoking. Dr. Haskins tried to determine the
amcounts of specific components, whereas some earlier work was

more gualitative.

br. Haskins algo commented on a public article ragaxréd-
ing swoking and lung cancer. He was skeptical that there was =a
higher percentags of cancer among smckers.3 He specifically
commented an Or. Grace’s Wcrk,puéiishe& in Medical Time54 and the
American Jourmnal of Surgery.s He mentioned that he had informa-
tion on Heoffo's identification cof benzpyrene as a constituent of

6;?

tar, Both Roffo and Grace were cited by plaintiff's expert,

Jeffrey Harris,

A, The Smoking Machine.

The smoking machine was constructed at O8U. The design
was from the work of Bradford, Harlan, and Hamner (19363:8
Several modifications were made to allow continuous or long-term

cperation, The machine could smoke four cigarettes at once.

méach was puffed for two seconds, once a minute, with & 40 cc,

puff volume. Two hundred cigarettes could be smoked in an eight-

hour day.9
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B. Separation of the Particulate and Gas Phase,

Investigations prior to 1946 had sesparated the t%o
phases by a number of methoeds, Mr. Fishel tried several methods,
but never settled on cne preferred method. In cne method, the
smoke was passed through a glass tube 3 cm, in diameter and
38 om. long, packed to z depth of 23 com. with glass helices 1738
of an inch in diameter each having a2 single turn. Smoke parti-
cles were zdsorbed on the surface of the glass helices. Most of
the analytical work was performed on tar or gases separated in

this manner.lg

i. Examination of the Gas Thase.

It was planned to make determinations of carbon monox-
ide, carbon éioxiéef hydregen sulfide, and hydrogen cyanide,
Several analytical methods were used for each compound. A1l the
methods employed wet analytical chemistry or gravimetric tech-
nigues., The determinations for the latter gases were falrly

%;traightforward; however, problems arose in the determination of
carbon monoxide. In general, the previously separated gas Was
bubbled through reagent solutions or passed through an absorption

train. The absorption train for determination of carbon monoxide

was as foliows:
f

._, . 83748522
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{1}

{2} Prierite

(3

{4}

{5}

{6}

{7}

2 bubbler tube containing a saturated scluntion of

silver sulfate in 1:1 sulfuric azecid {to remove

HC1
and EZS}‘

in a midvale bulb to remove moisture.

} Ascarite

in a midvale bulb to remove carbton
dioxide,

A combustion tube 12 inches long and 3/4 inches in
diameter containing a 4£-1/2 inch plug of copper

oxide wive, heated by a Bunsen burner with a wing
top, to a red heat.

Drierite in a midvale bulb to cellect any water

formed,

Ascarite in a midvale bulb to absork the carbon

dioxide formed.

Mized-azcarite driserite in a midvale buld o pre-

vent absorption of moisturs or carbon dioxide from

the air.

i1
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Cigarette smcke was passed through the separating appa-
ratus and then along the absorption train. In Steps 1 through 3,
everything but carbon monoxide should have been removed., At
Step 4, the carbon monoxide would be oxidized to carbon dioxide.
If any gasecus hydrocarbons wers presant, they would alsc be
exidized to carkbon dloxide and water. Significant gquantitiss of
water and carbon dioxide were found in the respective bulbs in
teps 5 and 6. This indicated that some gaseous componnd con-
taining hydrogen was coming over with the carbon monoxide. Hot
all of the carbon dioxide found in Buld ﬁ-;aulé be attributed to
carbon monoxide. The presesnce of gasecus hydrocarbons was sus-
pected. Ancther trap, immersed in liquid air, was inserted in
the absorption train between Steps 3 and 4 abcve.lg This cold
trap removed an unidentified white solid and resulted in lower
waights of carbon dioxide and water, The cortinued presance of
water indicated there were still impurities. ©Dr. Hasking was
never fully satisfied that the amcunt ©f carbon monoxide was

accurately determined.

-

BN

Subseguently, the white solid captured in the cold trap
was analyzed, Upon gradual warming, the white solid waporized
and was passed through the ramaining absorption train., The re-
sults of this analysis indicated that acetylene was present. It

was also noted that fractions af this materizl had the charac-

teristic odor of unsaturated hydrocarbons, such as cyclohexidene
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50560856



Errem

or butadiens. Attempts to identify butadiene were unsuccessful,

Dr, Haskins considered the identification of acetylene

as a major accomplishment. According to his July 1948 report,

this was the first evidence of the presence of such compounds,

i.e., acetylene and other unsaturated gaseous hydrocarbons.

Mr, Fishel and Pr. Haskins reported the amcount of car-

bon monoxide £o be between 2.1 and 3.9 ml. per cigarette, or

0.48% to 0.3% by veolume. Values reported in the literature £from

19090 %o 1940 ranged from 2.6 ml. to 30 ml. per cigarette. Dr.

Haskins felt these zresults were a major accomplishment, Ee

thought it likely that a more detailed investigation might show

the awount of carbon monoxide to be much less,

Carbon dioxide was determined by a method similar to

the method used for carbon monoxide, The gas was passed through

an absoxption train. 2 bulb containing ascarite absorbed the

gcarbon dioxride from the gas. The bulk was then weighed and the

increase in weight was the weight of carbon dioxide in the gas.
Hydrogen sulfide, acetylene, and hydrcgen cyanide were determined
by bubbkling the gas through an appropriate reagent soiution.

Classical wet analytical technigues wexre then employed to deter-

mine the amounts of the respective compounds., The methed chosen

for hydrogen cyanide was believed tc be the most specific and

89749525
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sensitive method available.13 Wo hydrogen cyanide was detected,

The other analyses were usually performed on the smoke from five
to twenty-five cigarettes, The number of cigarettes used in the
hydrcéeﬁ cyanide determinaticon was not reported. Previous inves-
tigators had reported that cyznide was present. Dr. Hasking sus-
pected that any hydrogen cyanide@present may have been removed by
"the tar trap. _

2. ¥inal Results of the Gas Phass &nalysis.lé

Specific Components 2nalvtical Resulis
Carhon Bioxids 7.77% by volume

Carbon Monoxide £.48-4.9% by volume
Hydrogen Sulfide 0.501%% by volume
Acatylene 5 mg. per 100 cligarettes
Eydrogen Cyanide None detected

C. Analvsis oi the Particulate Phase.

Forty grams of tar were collected by January 19%47. It

was planned to separate the tar into broad classes of components,

.»..then attempt to determine the amounts of individuwal components

within each elasg, Specific resulis were not cobtained. Dr.
Haskins attributed this failure {o a lack of & satisfactory pro-
cess of separation and the mistake of not starting with & larger

gmount of tar.zs
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The separation scheme was a sieam éistiliaticn téch—
nigque cutlined by Meuberg in 1931.15 It separated the tar into
basic components (nicotine and other alkaloids), carboxylic
acids, aldehydes, and ketones. Attempts were made to prepare

derivatives of the ketones and carboxylic acids. Individual

components could not be isclated by fractional recrystalization

or by ¢olumn chromatographic technigues. B mixture of the phenyl-

phenacyl derivatives of acetic, proprionic, and butyric acids
wers prepared. This mixture was separated on a column of silicic
acid and gave distinct bands which filuoresced under ultraviclet
light. Mr. Fishel was unable to separate the carboxylic acid

fraction in an analogous manner.

In suggesting future work, Dr. Haskins proposed i aif-
ferent approach., This was to collect tar in a2 toluene solution,
then make neutral, acidic, and alkaline aquecus extractions in a
separatory funnel. The subseguent maﬁipulaﬁicns would be similar
to what was previcusly attempted, i.e., make arcomatic derivatives

so that ultraviolet fluorescent bands could be isgolated on chro-

=matographic columns. 2Again, the attempt would have been to

identify the same broad classes as above. ¥No mention was made of .

any fubture athkempis to identify cther components, such as PAH.,

B3743527

60660296



o, Developments in the State of the Axt.

Progress in méthcéology was rather sicé from 1900 to
1855, A few significant contributicons were made in the 18950s,
using technigues similar to classical methods. After 1958; gas
chromategraphic methods revolutionized tobacco smoke analysis.l?
Fishel and Haskins identified the first volatile hyﬁracazboﬁ in

1847, To illustrgte the advance in progress, consider the fol-

lowing: Wynder and Hoffman in their hook, Tobacce zand Tohacco

Smoke {1387}, xepocrted that 14 vglatile hydrocarbons had been
identified by 135%, and that hy 1365 over 55 had been identi-

fieq. 8

Mr. Fishel compiled a reference list of smoke consti-
tuents that had been identified with reasonable certainty up to
1945.19 Thers werz only 70 entries on the list. One of the
éntries on the 1ist was benzpyrene. Wynder did not believe that
accurate determination cf benzpyrene occurred much before 196&.2a
Raliable and reproducible determinations of mest of the compo-
nents studied at Qhio State University d4did not appear befors
1360. However, the 0SU figures are a fairly good ballpark esti-
mate. The folliowing tsble roughly CQM§ares’resuits chtained at
QSU to zesulis reported by ¥Wynder and Hefifman in 1967. Exact

compariscns cannot be made because of the varisticons in cigarette

design, and methods of smoke formatiocon and cellection.
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o

Components o548 Wynder & Hoffman
Carbon Dioxide T.77% 2-18 volume %
Cerbon Monoxide 0.48~-0.50% . 2.7-6.0 volume %
Acetyiene 5 mg./100 Cig. . 3.0 mg./fl00 Cig.
Eydrogen Suliide 01,18 mog. fl00 Cig. 2.7 mg. /108 Cig.
Hydrogen Cyanide Hone detected 3.2-11.5 mg./100 Cig.

{Cig., = cigargttes}

E. Summary. s , ) -

The research conducted at Ohic 8State University from
1948 to 1848 was primarily a chemieczl analysis of cigaretts
smoke, Chemical znalysis of complex mixtures during this time
pericd was a difficultg, time—coﬁsuming task. Dr. Parmele of
Lorillaré seemed satisfied with the work of Mr, Fishel. He was

dissatisfied with the supervision supplied by Dr. Haskins. Mr,

Fichel decided to lsave Ohic Btate University on april I, 1948.21
Dr. Parmele did not recommend the conitinuation of the project
with another graduate student under the supervision of Dz,

Baskins., Loriliard’s association with Chio State University thus

ended.

FE/fch
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