ONTARIO RESEARCH FOUHDATION
43 Queen's Park
TORDIITO 5
Dopartment of Chemistry
Report S1=596=58=153 July 21, 1958

Arsende in Tobacoo

Inporial Tobaooo Company of Canada Limited,
P.0. Bax 6500
Montreal 30, Qusbes,

Attentions Mr, L. C. laporte
Director of Research
and Dovolopment,

Introductiont

I§ vas requested that a projooct be undortaken to determine the arsenio
contents of the tobaccos from sach of f{ftoen brands of cigarettes, The amount
of sampling and testing roquired to assoclate definitely a given arsenis content
with a given brand, even ovor & short psriod of time, would have been prohibitive,
It was, thorefore, d ecided to purchase a fow packages of sach brand from various
locations (5) throughout Ontarie and fron Montreal, Quebss, It was decided to
take a single cigarette from each packags, for a given brand, and combines these
for analysis as a single sample, Two such samples would be oollocted and analysod
for each brand, It was redlised that it would be imposaible, on the basis of
those results, to make diroot statistical inferencos about the arsenic contents of
all of the tobaccos used in tho manufacture of each of the brands. It was hopod,
however, that this work would give a good genoral idea of tho magnitude of the
arsanic contents that might be expected. The fifteen brends have bsen dosipgnated
A to 0 inclusive and may be identified by the attached code. One package of each
brand vas purchased from each of the following loocations:s Hamilton, Simcoe,
London, Toronto, Ajax, (Ontario)s and Montroal, Quebec,

Sumery of faguliat
FBono of the samplea of tobacco analysed contained as mich as 2 parts pr
million of arsenio, expressed as arsenis trioxids, Moet samples appsared to bave

in the order of 1 part psr million.
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Sangluglongs

The arsenic content of the tobacoo samples analysed has probably
aripen from natural sources, asince it is known that sodls generully centain
minute amomts of arsenic,® It is quite mlikely that the quantities of
arsenic deternined in the samples are the result of direct application of
arcenical spruys as the arssnic content of tobacco lsaves wvhich have beem
sprayed with arseunic compounds would, undoubtedly, be much higher than the
valuss obtained,

Rlaguaglons

The method followed was the Official Method of Analysis, of the
Association of Official Agricultural Chemists, for arsenio in tobacco, Section
2}, Bighth Et{.ltiou. Tho mothod involves ths wet oxidation of thes tobacco by
digestion with concontrated nitric and sulphuric acids followed by evolution
and detaction of the arsemic present by the Gutseit method, A sp aial step
was taken to renove interfering pyridine and nicotins compounds that are not
alwvays destroyed in the oxidation, It is rocoumended in this mothod that
enough sampls bo taken to contain in the orxder of 0.05 to 0.15 mgm, of arsenic
trioxids, This would have required a 50 to 100 gan. sample of tobacco, It
was found by experienco, howover, that it was impossible to digest samples of
such oise in a reascnable length of time, Itwns, thersfore, decided to use
sanples in the order of 5 to 6 gms. and operate below the recoomanded range
sugrosted in the method, It has beon pointed out that the Gutazeit mothod of
arsenic dstermination has an inhorent error of 5 to 105 s Since wo wore
operating outside tha recommendod rangs, it was felt that our coefficlent of

variation would be even larger. It was, thorofore,daidod that thore should be

two Gutzeit detsrminations on each digested sample of tobacoo in order to

ainimise the random variations introduced into the results because of the Gutzelt

step of the analysis,
Inaddition, tho Hanford-Pratt Company, mamufacturers of the spscial

paper used in the test, point out that thers is a cortain ayount of group

umiformity to be expscted in the results, Sensitised stripe from tho same sheet,

sensitised at the sams tinme and used at tho sams tims, show betier agreoment
than thoce from different shests, sensitised at different tines and used at

different times,
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® Firoan B. Bear, Chomistry of the Sadl, Reinhold Publishing Corp.,1955.
mm Cgasil C.C,, J. Assoo, Official Agr.Chem., 21, 199200 (1938). It is
asgumed that by "inhsrent error”, it is meant cosfficient of variation.

In orxdsr, then, to increase ths precision of our estimtes it was decided
to rm the Guiseit arsenic deteotion stsp in randomised complste blocks with
sensitised strips from the sams wsensitided sheet used for each block,

Bepultas
The results have beon tabulatod in Tabls I found at the end of this
- Toporte The Analysis of Variance follows below.

Anslvpls of Variance
Source of V.}-.{auon Sun of Degrets of Mean
Squares Freedon Square

Bronds.

Controls vs, Cormercial 653440 1 653.40"

Commercial 177,33 ) 73 12.67

Controls 555017 2 277.59"
Runs 7R-) 3 14.9%
"Groups® X Brands 147.91 17 s.n™
"Runs vithin groups” X Brands 142,02 34 4018
Total 1720.65 n

— B Judged to be highly significant,

®x "Groups” X Brands represents the error with which to asseas the signifi~
canos of the differsnce between brands, The difference between ths commercial
brands is not significant while ths difference between the controls and commercial
brand is, It is wvalld, thereforo, to use the least significant difference only
in conparing the comomsrcial brands with the controls.

(%) LSDo=t o2 (bed=am HBa 4y
(1%) L.s.D. =29 B =6
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By applying the least significant differences to the wsan valuss given
in Table I, it may be seen that the difference between control 2 and all the
brands is significant even at ths 1% lsvel, There are no signifioant
differencos between the brands and oontrol 1. Control 1 contained the
equivalent of 0,0050 mgm. of arsenic trioxide on a digested sample, Since
most sanples contained 5 to 6 grams of tobacco, this would correspond to the
equivalent of about 1 part per million arsenic trioxide, Control 2 contained
the equiwvalent of 2 pm arsenic trioxide, We are, therefore, ahls to concluds
that in none of the brands was thors as much as 2 pmm arsenio triocxide dstected.

There was some suggestion that the step desipgned to remove woxidised
pyridine and nicotine might not prove completely effective, Some of the solution
from & commertial brand was, thersfore, addxd to one of the oontrols, It vas
found that the theoretical valus caloulated for the rosult was not significantly
differont from the result itself, These figures are as follows:

Caloulated =
Control 2 + ¥+ brand A = 21,8 m,
Mgagured -

Control = 243 m.

~ The figures repressnt the means of four determinations, Itwas felt on
the basis of tha above rasults that thore was no basis for assmuing that the step
taken to remove the unoxidised pyridine and nicotine was not complately effective.

Experinental Proceduros .
Ths method of analysis followed was the official method of the A,0.A.C.

for arsenic in tobacco, It involved the vet oxidation of the tobacco fyom six
oclgarettes, ons from each packags, with concentrated nitric and sulphuric acids,
The digestions usually took four to ssvenm hours for completion and required
frequent additions of ooncentrated nitric acid as that reagent was consumed, The
arsenate was then precipitated as the magnesiim ammoniun arsenate salt, filtered,
washed and redissolved in dilute hydrochloric acid and diluted to 100 ml, in
volumstric flasks, The sams amowt of acid vas used for the dissolution in
each case, Twventy ml. aliquots of the resultant solutions wore placad in the
Gutseit gsnerators along with 4 grams of granulated sine and 5 c. of
concentrated hydrochloris acid, as well as ths usual reagents. All evolutions
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were carried out in a oonstant temperature bath kept at a tenperature
of 24 =1%.

A Fisher-Payns dip ocater with a linear withdrawal rate of about
one foot in threo minutes was wsed to withdrav the sensitised paper from
the merourie bromide solutions, The papers for all of the work vere
sensitized in freshly made 5% alooholic mercuric bromids solutisa 24
hours prior to the rm in vhich they wore wsed,

The serubbing towers on tho genorators wero filled with specially
treated 20 = 30 mesh sand to remove hydrogen sulphide gas evolved, It was

- found that the sand, when treated with the lead acetate aolution, had to
bs almost thoroughly dried; otherwise the exoess moisture clogzed the
sorubbe? and was driven out the assnsitised paper tube bty the gas pressure,

A1l controls and blanks wore subjected to the full digestion ani
procipitation steps as well as to the arsins evolutiom stsp.

Seds HalleBs Arpstrong
for W.A, Petris
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ZABLE I
Besults
Weight Total® Total® Average Weight 'rotn:Li Total™ ; Averags Total
of length longth Total of . Longth otal Langth of Stains
Tobacoe eof of Langth Tobacoco of of Length in mm,
in Gyems Stain Stain of in Grems Stain Stain of 2 Runs for sach
inmm, inmm.  Stain in m2,— in ma, Stain of 2 Groups.
Bml Fum?2 in mm, Rm 1 Rm 2 in mm,
Groupl Groupl Rms 1%2 . Group 2 Group 2 Runs 1 &2
Group 1 Group 2
A 6.15 8 7 7.5 6.19 6 9 75 75
B 5.04 8 K4 7.5 5.00 5 7 6 6.8
c 5¢T7 9 n 10 5456 8 10 9 9.5
D 6.28 7 13 10 6.41 9 7 8 9
B 6.14 5 5 5 6.25 6 8 7 6
7 6.31 12 6 9 6,20 9 9 9 9
a 532 2 7 4e5 5.11 7 9 8 6.3
H 5020 1 D 13.5 5.15 7 9 8 10.8
1 5.90 10 ph i 10.5% 5.88 9 9 9 9.8
J 575 18 14 16 5.51 7 5 6 11
4 5.16 10 10 10 490 8 7 75 8.8
L 6.39 12 8 10 6.17 9 8 8.5 9.3
. N 5.26 7 5 6 5.28 5 7 6 6
X - | 5.82 15 8 12,5 5eT2 9 1 10.5 11.5

0 6.06 6 8 1 5.96 7 1 9 8
Blank 0 (o} 0 o o 0 o
Control 1 9 7 8 7 8 75 7.8
Control 2 a 15 18 18 18 18 18
Cantrol 3 14 23 25 24 23 3.5 2443

| Totd!angtho;ltuninu. for both sides of paper, using 20 c.0. aliquot from 100 c.e, solution.

Control 1 oontained 0.0010 mgm. arsenia trioxide in aliquot,
Contrel 2 oonteined 0.0020 mgm. arsanic trioxide in aliquet.

Contrel 3 oontained 0.0020 mgm, arpenio trioxide in aliquot + 10 c.c. aliquot of Breand A salution.
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Sode Jottes Brand fiame
A Sportsman
Matinee, Filter Tip
Rothnans,King Sise,4 pkp.g;tor
2 pkgs.Flain

«Q

British Consols
Players

\ Sxport
Skyways, lLong Sise Filter Tip
Bslvedere, Filter Tip
Winchester
Osylox, King Sise, Filter Tp
du Maurisr, Filter Tip
Sweot Caporals
Mayfair, King Sise, Filter Tip

Buckinghsna
Black Cat
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