
DCTER.'.'INI,@TIONOF 3:4 BE-NZO-(a )-PYRENE IN

CIGARERTE SMOKE

BATCO document forProvinceof BritishColumbia 2 November 1999

BATCO 00083865



illilV13P/46C/46D nth August, 1961.

Experimental Mettiod

t@!3terialsand Apparatus

All chromatographic eluants shoijldhave extinction values less than t-).005

down to 360 m4 after purification.

Penzene - May & Baker Ltd. (pu-- crystallisable)

purified by redistillati3n(threetimes)

through a fractionation column and rejection

of the first IC@6of distillate. The benzene

is stored after drying with sodium wire.

')etroleumether Analar BP 40
0 -

60
0
C - purified b@,

percolation through a 4.5 cm. diameter

15 cm. long fully activated alumina column

and redistilled as for benzene. Dry witti

sodium wire.

r-Plexan@ Hopkin & ',*IilliamsLtd. (hexane fraction).

L;iethyletler May & Baker Ltd. (Peroxide free). L@ry witli

sodium wire.

Cyclohexane British Drug tiou-5esLtd. (Special for

spectroscopy.

t@lethylalcohol flopkin& *,','illiamsLtd.

[!Ydrochloricacid 2N aqueous solution

@odium llydroxide 2N aqueous solution

Acetylated Chromotography Paper Prepared as described by SI)otswoo6.
J. Chromat., 3, 1960, 101.

Alu.,ninaA Woelm Ltd. - neutral grade - activity 1.

De-activated at 70'Arelative liumidityfor

3 days, re-activatellby heating at '400
0

c

for 24 tioursjust before use.

CYN
01%
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Alumina B Woelm Ltd. - neutral grade - activity 1.

De-activated by addition of -% water and

mixed in closed rotary mixer for 3 hours.

Silica gel British Drug Houses - de-activated by

washing with methyl alcohol/water lil, dried

in air and activated by heating at llc@c

for 6 hours.

!,Iitrogen British Oxygen Co. Ltd. - (oxygen free).

Solid Carbon dioxide Imperial Chemical Ineustries Ltd.

7:10'!C I)enzpyrene Specific activity 6 4 C/mg. purified by

paper chromatography as in procedure

(200 @ig/6"strip). Log E384 mp - 4.41

Annaratus

All glass apparatus is cleaned with chromic acid and washed well with water

before use.

Zt)iralGlass traos - Drawing RR.100

Ca,,@@ridgefilter - Drawing RR.70/1, 70/2, 70/4a.

Class separators - 500 ml.

Clirorr.atographytubes - 4.5 em. diameter - 50 cm. length.

3.0 cm. diameter - 15 cm. length.

Fitted with a sintered glass disc to

support adsorbent.

Alla %!icro-.ieterSyringe Burroughs Wellcome Ltd.

C-per.trophotometer Unicam Ltd. SP.500.

Radiation counting Lai)gearLtd. - Scaler

equipment G-M tube and manual sample changer

Probe quenching unit.
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S12ectrograph Hilger & Watts Ltd. - medium quartz E498

Cells Hilger & Watts Ltd. - Cat.tio.H857

Photographic plates Ilford Ltd. - HPS (5'*x 4t')

Photographic rieveloper Ilford Ltd. - Contrast FF

Pliotographicfixer Ilford Ltd. - iiypamfixer with Hypam harriener

1%72.
:;t-)ectrographlens Hilger & Watts - Cat.No. PIM

L'.V.illumination tiazdamercury vapour discharge lamp (125w,

system tal.V/4)fitted into a photographic enlarger

with objective lens removed. A '.'Ioodsglass

filter (2 imn)is fitted bet-weenttie

condensing lens and the lamp.
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.Procedure

jencral Note3

All operationsare carried out In subduedlight to reduce the risk of

photochemical decomposition of the benzpyrene, columns and flasks are covered

with black paper.

All evaporations are carried out under reduced pressure in an atmosphere of

nitrogen.. tvhensolvents are changed. the solutionsare evaporated down with three

successive 10 ml. fractionsof the new solvent.

Imoke Collection

The cold traps are connected to the smoking engine via a Cambridge

filter; the latteris a precautionin case of blockingor incompletecold trap

collection. The smoking engine is then calibratedto give a 35 ml ptiff,of 2

seconds duration, once a minute. The calibrator for puff volume Is a soap

film burettewith a glass capillary attachedsthe resistanceof wliichis

arproximatelyequivalentto ttiatof the cigarettesto be smoked.

Smoke a sufficient number of cigarettes to produce 6 - 10 @Lgof benzpyrene

(about3 - 4g of condensateif dried at 1000C for 16 hours). Collect using

:

smoking cycle of 35 ml. puff volume, once per minute each puff of 2 seconds

uration. Collect the conr-.en5atOin the spiral cold traps surroundedby solid

carbondioxide (Note 1). Remove tkodcambm e ItM the traps.,andwash

out the condensatewith 6 x 10 ml. portions of a mixttjreof ether and

hy0rochloricacid (lil). Transfer the washings into separators and each

separator should contain approximately equal amounts Of lg of condensate.

,..Iash out any condensate -emaining in the traps with methyl alcohol, evaporate

the alcohol and wash the residue into one of the separatorswitli10 ml.

of warm ether/'hydrochloricmixture. Extract the filter pads of the Cambridge

fi'&terswitliether in a soxfiletapparatus for 1 hour and add the concentrated

GrN
C7*N

BATCO document for Province of BritiSh Columbia 2 November 1999

BATCO 00083869



5

ether solution (20 ml.) to one of the separators. To each of the separators

add equal volumes of
14
C-benzpyrene solution in cyclohexant such that a total of

about 10 pg (accurately known) has been added in a total volume of 5.J ml.

cyc lohexa ne.

Isnlationof the neutral tar fraction

Separate the aqueous layer and discard. Shake the ether layer for I

minute with 5 successive 100 ml. fractions of hydrochloric acid followed by

3 x 100 ml. fractions of water. Extract the ether solution with 6 x 100 ml.

portions of sodium hydroxide and finally 100 ml. portions of water until the

aqueous layer is neutral. Care should be taken to avoid emulsion formation

especially with the sodium hydroxide solutions. Run the ether layer into

a flask containing anhydrous sodium sulphate 5g) and allow to stand overnight

First ChromatograRtiy

Prepare a column (4.5 cn. diameter) containing 160g of alumina A and using

n-hexane as the solvent (Note 2). Filter the ethereal neutral tar solution and

wash the sodium 5Ulphate with 6 x 20 ml. successive portions of dry ether,

transferringthe wasl)ing5to the bulk of the solution. Chanae the solvent to

n-hexane and apply the neutral fraction In 10 ml. of n-hexane to the column.

f@lutewith n-hexane until all the green fluorescence has been removed from the

colunn (Note 3). Continue the elution with 2 litres of benzene and collect

ttiebenzene oluate (Note 4). Evaporate the benzene, and change ttlesolvent to

petroleun ether and dissolve the residue in 10 ml. of petroleum ether.

,econd Chromatography

Prepare the column (3.0 cm diameter) in petroleum ether using 120 g of alumina

B. Apply the petroleum ether solution of the active fractions obtained from the

first ctiromatographic separation to the column and elute with 500 ml. of petroleum

etlier. Collect 10 ml. fractions. Carry out a linear gradient elution cormencing <=

co
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with100%petroleumotherandfinishingwith" petroleumother2CK benzene

over400ml. of eluate(Note6). Continue the elutionwith 8Ot2O petroleum

ether/ben7enetaking 50 ml. fractionsfrom the commencementof the gradient

elution. Evaporatethe solventfrom each fractionand dissolve the residue

In 5 ml. of petroleumether. Determinethe fluorescencespectraof the solutionsusing

the spectrograph(Note 7 and Appendix 1). and combinettiesefractionsshowingthe

typicalLenzpyrenefluorescencespectralbands (404 mp, 408 mli,427 mg) togettier

with one fractioneitherside. Evaporatethe solution to near drynessand

t sfer -,uantitativelyintoa 10 ml. beakerusing petroleumether. Concentrate

the solutionto about0.5 ml. on the steambath wliilstblowinga currentof

nitrogenover the surface.

TliirdChromatography

Apply the solutioncontainingthe benzpyreneonto a base line drawn

approximately3 cm. from the edge of a 15 cm. wide strip of acetylatedchromatograpily

paper (.'.'hatman3tlAi)using an Agla micrometer syringe. Wash the beaker and syrinqe

with small quantities'ofpetroleumether until all the fluorescentmaterialliasbeen

appliedto the paper. Developthe paper in methylalcohol/ether/water(4:4tl)

mixture for 6 hours. Withdrawthe paper and allowto dry overnight,then replace

ir 'he chromatographytank for a further6 hours. Examination of the paper under

the ultra violet lamp showsthe intenselyfluorescentbenzpyreneband 2 - 3 cm.

fro,mthe base line.

.1eterminationof the benzpyrene

Cut out the stripof paper showingthe benzpyrenefluorescenceand extractin

a small soxhletapparatuswith benzene for one hour. Cool the benzene solutionto

room temperatureand run the solutionthrough a silicagel colun-n

ri em. diameter2 cm. long(tlote8) which is then washedwith smallportionsof
CD

benzene(totalvolume25 mi.). Changt the 501vertto cyclohexanemd dissolve

c7N
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the benzpyrene in 5.0 ml. of cyclohexans. Measure the extinction of 1 em.

thickness of this solution using cyclohtxane as a blank at 374 aqi(A), 384 mg (B)

394 M4 (C).

Prepare 12 planchets for radioactive counting as described in Appendix 2;

6 containing benzpyrone solution from smoke and 6 planchets with the standard

14
C-benzpyrene solution. Determine the count rate for each planchet over

IU,030 counts as soon as possible after preparation and calculate the mean count

rate for the standard and sample (Note 9).

'Calculationof Result

Benzpyrene found r
5 x D x F

y

where D = B - (A + C) for the benzpyrene solution

y = B - (A + C) for a standard benzpyrene solution of concentration

F gg/ml.

Denzpyrene recovery =
count rate for ttiesample
count rate for the standard

Total Lenzpyrene = 5 x D x F pg.
Y x R

1-'5x D x F
Benzpyrene in smoke

Y x Fl
Z

where Z = @igof benzpyrene added as radioactive tracer.

r4ates on Experimental Procedure

1. Under these smoking conditions, (35 ml. puff, of 2 secon(;cluration,

I per minute) each trap can be used to collect tar from 30 cigarettes. If the

puff frecuency is increased there is a tendency for the trap to block anrithe puff

volume will decrease. The efficiency of the smoke collection was estimated as

q6% as determined by measurement of the smoke deposited on the Cambridge filter

placed at the suction end of the trap. The draw resistance of these traps was

less than 0.2 cm. water cauge at a flow rate of lC50 mi./min.

CD

CD
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2. The activity of this alumina was found to be approximately No. 2 as

determined by the Brockmann methodj^48,t,.iu - ht@Ilk5cke@ll, ckk4l - @c-,Z-O- (qfi, 14

3. Fluorescence measurements showed that there is no loss of benzpyrene

In the n-hexane eluate. About I - 1.4 litre of n-hexane Is required to elute

the green fluorescing substance.

4. Although most of the benzpyrene is eluted in the first litre of benzene,

2 litres are used @6oensure the complete elution.

5. The activity of this alumina was approximately No. 3 as determined by

ttieLlrock-nannmcthod.

6. The gradient elution is conveniently carried Out U51ng the apparatus

described by Bock and Nan-Sing Ling@*(4.,,t. fq-s-",)(,,is-as-f-I@..)

7. The spectra d.,Xrecorded on Ilford HPS photocraphic plates (4.evelopedfor

3 miriutes in Ilford Contrast FF developer.

S. This column removes paper fibres and suspended material vjh4-chYtill

interfere with the U.V. measurement.

9. 10,003 counts are taken because this is the minimum number of counts

requircd to even out the effect of the natural random emission of the radiation.

PTOVided the geometry of the counting system is reproducible the count rate is

reproc@ucibleto within Li&with a theoretical confidence limit of 6a.

The uniformity of distribution of the sample on the dimple of t@ieplanctiet

was checked by screening of various areas, when the count rate was proportional

to the exposed area of the dimple.

From 0 - 0.5 pq of
14
C-benzpyrene the count rate was proportional to the

amount of radioactive substance on the planchet showing that self absorption of

radiation was negligible.

C=)
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The count rate fell by L% per day when the prepared planchet was kept in

ttiedark, this decrease doubled on exposure to daylight. Care must be taken

to avoid counting in polluted atmospheres as certain substances cause a rapid

decrease In count rate. Chloroform was found to cause a 2Q% reduction in 30

minutes when the planchet was exposed to the vapour.

c7N
CN
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APPENDIX I

Procedure for use of the SpectroSraph

The spectrographis set up using a slit width of 0.15 mm and sli%'height

if emm. A half plate (5" x 4") is placed in the plate holderto pliotograph

the 2BCm4 - 1,UODmp spectralrange; the vacant spaceIn the holder (5" x 4")

is occupiedby a piece of plain glass. A cell containingthe solutionis

placed 48 em. fromthe slitwith one side facingthe slit. A lens in placed

10 cm. fromthe slitto focus light from the cell onto the slit face. The

cell Is illuminatedby a beam of lightprojectedat 600 to the cell face.

The spectrum is photographed using an exposure time of 3 minutes an(ia spectrtim

can be obtained on each plate. The plate is developed for exactly 3 minutes,

washed in water for approximately2 seconcisand placed in the fixer for 20

mir.utes. The plate development is carried out in complete darkness and only

after the plate has been placed in a covered fixingbath is light admitted

in the darkroom.

C;N
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APPENDIX 2

Preparation of samples for counting
14
C-bEn7pyrene

The planchets are cleaned by boiling with cyclohexane and wiped with a

soft paper tissue to remove last traces of grease. The temperature of the

heatingapparatus is adjusted to IWOC and the planchet then placed in position.

tisingthe agla syringe 0.04 ml. of solution is transferred into the dimple of

the planchet and allowed to evaporate. This is followed by 2 x 0.08 ml.

portions of sample. I.,nmediatelythe last trace of solvent has evaporated,

the planchet is removed and stored in a dark place before counting.

C=)
cz:)

c7N
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OPTICAL ARRANGEMENT FOR

FLUORESCENCE SPEC-rROG;kAPHY.

125 W BLACK GLASS LAMP

GEC MlaW/U

GLASS
CONDENSER

2 MV4. CHA.NCE
OXI FILTER

tocm.

LENS FilT2 SLIT

a-3c.m FOCA,

OPTIC (LENGTH L)

AXIS

(OPTICAL MEVJCH)

10mm. QUARTZ CELL MEOlUt-i QUARTZ

SPECTROGRAPK

SCA'TTERED U.V.

RTO at.(=

CIN
CrN

R,LASCON"
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