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J!>t•oCuct ion 

Since tne 1964 Reper! to t~e Surgeon General on the nazar:s a• smc,i~;. 
tre :-.auonal Clearingnowse for Smol:ing ~nd Health, tne Americ~r. :ancer S;c,­
ety, and c:~er pu~llc health orltnted organizations have expa~de~ t~e'r 
ef~orts to r-ecluce the de9rfE' of cis,are:te sn,o,dn,; na!loniwlde. koweY!". t..-es-e 
at:ernp:s nave been only partially successful. Today, between SJ and 60 
~ii lion ~oerlcans smoke cigarettes. 

T~e ~ational Canter Institute (NCI), in coordination wit~ t~e ~a:ional 
f·ei,:, Lun, and 31ood !nstits:e {rntLSi) ana the Cepartrnent of Agri;:u!:.re, 
estl~lisned tne Smokin9 acd Healtn Proyram to provide guidelines for :ne 
·,e:,c:ion of the risxs of cigarettt smoking. The p•ogram is advisee ~Y 
ccnsal:ants representing a wide spectrum of disc1pllnes. 

A syste~a:ic approac~ nas be~n taken toward the development of less 
•,az3·:i::>JS ciga,et:es, one c,f :he principal ObJectives of the Sr,,okin; an~ 
,ealtn Program. Tne first pcase of this Program in;olwed the design of a 
v3riety of ex~rrimectal clgare::es anc the cnemical and biolo;ical acal1ses 
of tneir ccndensa:e and sr,,oke. 

7~e ;ri~~·y ~~;ec:ive o' tne§e cigarette experiments is ta de!er-i~e 
t-it· '....1r..or1;en1~ ac::1·11:.y of concens~te fro~ t~a.cri exper1men:~l ci9a.re::e 
•nEn e;ual wei~nts of ary s~oke condensate (~i contrasted to equal nu~oe•s 
of cigare::es er eQual nuraDers of puffs) are applied to mouse Skin. Tne 
co.c·pc,nents of t~e to~accos, the cigarettt smc,ke condensates anC: whole smo~.es, 
anc :re ;c,sica! cnarac:eristlcs of the cigarettes pro•ide extensive la~,,a­
=~•y da:a. Analyses of tnese oata Include correlations with the mouse-skin 
tJr..o, bloassay oata for ins1gnts into ,,nich smoi<e componer:ts are associatec 
.i:n acverse nealtn effects. The analysts provide an evaluation of the 
relative toxicity of the experimental cigartttes and serve as the basis for 
t~e design of acvanced cigarette experiments. The ultimate objective for 
:•ese e,per1nents is to ice~tify the characteristics of less hazardous ci;a­
rettes tnat will serve ;n guiOelines for future corrrnercial cigaret:es. 
Suc::ess is hinoer~·:j by trie uncertair1 relatior1stllp between tumors re,$1,,d!ing 
fro" mouse Skin paintec .·1th conceosate and 1wnian lung cancer and by the 
•••t~al aosence of information on tne cardiowascular and respiratory effec:s 
c,f tneSt cigarutes (beyond the pem,,ssible inferences fro,,, their physical 
ano cnemical Chdracteristic•). Tnerefore, the skin painting bioassays are 
viewed as screening experimen:s. it is assume~ that reduction of mouse 
Ofrr.-,ai tumorigenlc response frorr smoke condensate is a valie indicator of 
viable lines of inves:t9ation tnat are ~orth pursuing through more sophisti­
cated (and more costly) tests, Suen as direct inhalation of whole smoke in 
suitable animal models. Thui, tne ex~eriments are considered initial steps 
in tnr process c1f ,m~ro~in; cigarette :n~racteristic~. 
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Se~ara:e re:or:s on each of tne foJr skin pai~:ing experlmen:s •e•e p,~­
lisota ~.Y the LI.S. :Je;iart11ent of i1ea1t~. £:~catior, anc :lelfare in "!u~~. :;7~. 
J~ne, 1,75, Jone, B77, and l•'.arch, 1%0. ihis preser,t repc,rt is a sur:r.ary 
of t~t ~aJOr fjncings from the ex~er,~ents. T•e reader is referred to tne 
1ndivldual con1prenensive rtpc,rts on each e,-per1Ment for ~etai1ed prestr::atiors 
of th£ protocol, cnemical analyses, statistical analyses ~nd interpreta:ion 
of results. 

?. Ma:erial_s __ ard Met~ods 

:t1is sectior1 ~umnarizes the materials and method~ us~d in the skin ~a1n:­
in; e,periments. Only sllgnt varlatio~s occurred a~on9 eaperlments, these 
br.ing prirr,arily c,ifferences in which condensate and srnoke chemicals were 
~easured. Specific details for each ea~er,~ent .are contained in their re­
spec~ive rtports. 

2. ! 7he Cigarettes. During each e,;,eriment. t<e cigarettes ,.,re distrib­
uted ::,y coae to tr,e participating labora:ories i.sin~ a randc,,, bl inc: code. 
0n1ess nD:ed otner.ise, all ci;arettes were "1ade ac:orcing to the fo11o~lng 
s;,e~ ,ficttior,s: 

Fl 1ar: ;";one 
Lenc;tn: BS ,w, 
Circur:-,ference: 25 rm, 
~e,sht: Vdri~a witn fir~ness cn!ra~t~ris:~~s :f :~e t~~!Ccos 
Ora~· ~es1s:ance: Vari~d wi:n each :,:acco 
?3~er; 5cnwe~:zer 556 except var!!~ie \c. JJ ~,t~ Scnft@itz~r 

"special porous" paper 
Print: sing 23 rm, from end of cigarette and ciprette code n:;.,,ber 
~ac•aging: 3800 cisarettes in eacn cardtoard "fil:er trai,· 

sealed in ;olyethylene bags and stored at -2J C 

i"ere wH a separate Stindard c•~edn·er,:al Sl~~d (SE3) cig 
Pare~ for e~cn e~per,~ent, all naving ~~e~:,cal com:ositions. 
only in the manufacturer and crop year. 1he ~lend of the SES c 
:~1 •e1gnt): 

Glyct·r-ol 
Ir .... er t sugar 
Ftue-c ured 
Bur lf·y 
~aryhnd 
Turki~h 
iecon~tit~te1 sheet! 

l St!rr1~ 4nd fin~s ind slurry process. 

2.8~ 
: . 3', 

32.5~ ,~I• J: • 
l. l ': 

11.1: 
v.2: 

-csc:~o: 

rettt ~rt­
oey diffe•ed 
garettes was 



?.Z C~!C(C A~d1yses. Tnese bna1yses wrre :cM~Jc:e~ ~: ~e~~r~, l!~~r3::r;es. 
c~or~ n!:ej Oy t~e Tooacco Labor!tory, 5E•l:sv~11e :grirJ!:~~J~ ~eSt!r:r :~r­
tfr, ;ricJ?t~ral ~esearcn Service. U.S. :e;1dr:~ent of ;gr1:~lt~re. ~~e 
analyses incl~~e: 

Sand 
~ois!.ur! 
i,;ater 
pr! 
Asn 
So,iiurr 1'ycrcn,r U1~,'.i~) 
><ycrocn'oric ac1c (f<Cl) 
Potassiun. {1<} 
Sodium (Na) 
Calciur,, (C.i) 
•:agnesi.,c. (Ms) 
~anganeie (~r.) 
Cnlorine (Cl J 
Reda:in<; s.gars 
~o:e 1 s.gar 
S:ar:~ 
Cell.lose 
'',al ic Hie 
c,:r1c a:1d 
0xalica:1..: 

Chl~rogenic .icld 
Rut in 
1ota1 phenols 
,o:al polypnenols 
Total alkaloids 
Total volatile bases :r~2) 
iVS-ni coti ne 
Ratio nicotine/TVS 
A-rtnonia (NH3) 
Nitrate-Nitrogen (NC3-N) 
A:nino-ni trogen 
~ Amino-nitrogen 
liitrHe (N03) 
To~a I nitrogen 
Glycerine 
Gv1·n vo1a~l1es 
wa,. 
Phyto-stero 1 s 
Petroleum e:ner e,trec: (PEEl 
~icotine 

2.~ Con~e~sa:t :reJar!:1~n. ~~e ci;~~ettes ~e~, s:ored jn ~ f~ee:~~. ,,rf~ 

nE~ce:, tr-:e1 wtre ,..! .... ,,..,,ed and ::onCitioried ~t 240!10 C and 60~: ! 5~ reL.!:· .~ 
r,uc ;c,:, fer no: less tnar. ,e nours prior to smoking. 

7ee co•der.sates ~ere preoared b/ Meloy Laboratories. The ci~~·e::es 
~e·t s~o•eo on ~•c•ines ballt ,y Process and Instruments Corporat;on, a:::•:­
,~; :o tnt following 5~~:if1C!!ioris: 

Ooeratio, 
(a;,ac i ty 
Puffs 

Oi•ect smoking (negative pressure pu••·•;l 
Aporo,im~te1y 2,000 cigarettes per hoer 
!/min, 35 ml, 2-sec. duration: no more 

tnan l~ puffs per cigarette; ejec:e~ 
earlier if smoked to butt 

Room air z~o ! 10 C, 60: ! 5~ relative 
humidity; exhaust designed to avo•= 
drafts that could unfluence the bu•'· 
ingrates of cigarettes 

Condensate collec:ion. 7he con~ensate NaS collected in four traps a: 
/JO C; U>e first :wo traps useu (-= Pyre, beads, and the second two use: 
Teflon filaments. 
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ExtrdCtion. The condensate wa• extrac:ed w1cn freshly :1stlilej !C!t~~i. 
T~E conden~4te was concentrated unc~r re~uced Dressure at 400 C ~ntil less 
th~n 6~ water remained. ~e~gneo a~ounts of ac~tone ar1d water were adde~. 
aliquots taken, and tne water and nicotine contents were 3naly2ed by g!s 
chromHc,g,·aphy. The mixture was adjuste.:l so that the fin41 product onUi~ed 
250 or 500 m~ of dry condensate per ml. 

Storage. The condPnsate was stored at -l0o C until sent to t~e ~ioassi~ 
lab,ratories and .. as paoed in cry ice for transfer to· users. 

Produc~ion Schedule. Condensate preparation schedules were arrangeo so 
tnat all condensate samples were less than two montns old when used for ~ouse 
skin painting. 

Quality Control. As a part of qualit/ control, samples from each :ate~ 
of t,per1n,ental cigarettes were used to deter,~ine: average cig•rette weigt,t 
and ~ressure crop; static burn rete in draft-fret air; combustion zone tem­
perature at Z butt length5; and amount of potassium (Kl, sodium (Na), mag­
nesium (Mg), ash, hexane solubles, nitrate, calciuM (Cd), nicotine, total 
r~d"ci~g sugar, neophytadiene; and the pH of ma:erial collected in the filter. 

Process Monitoring. Measurements were made of the mean ~utt len;th after 
Srn(lking, tc•tal dr_y conce11sate yielci ar,d cry concensate yield per cigarette. 
pH of the condensate, anci percent nicot•ne in the condensate and ~er ci;a­
rette. 

2-~ Smoke anc Condensate Analyses. ~he s,1oki· and smoi.e condensate from tr.e 
various cigare!.tes were :estec b1 '.lak ~icge ~ational laboratory. During the. 
course of the skin painting experiment, concen,a:e was sent to Oak Ridge 
.~acional Labc,rdtory three tir.,es at approximately 6-month intervals. Eact, 
shipm~Mt wa5 tnalyzed one~ wi:hin that G·month period, with QuaCruplicate 
c:!eterciinations for eacn sample analyzed. The followi119 analyses .. ere con· 
d•cted on w~ole smnkt, gas phase. a~~ ~articulatt matter: 

... ,ight 
Resistdnce to Jraw 
r-·uff r.umber 

Condr_ns ate 

flicot•ne 
,,eak acids 
Very weak aci:!s 
Total weak acid~ 
,l.l~alinity (pH) 
Oleic • linoleic • linoleic acid 
?alrr,itic acid 
Stearic acid 
~eopnytac1 i ene 
Catecnol 
lndole 
Ska tole 
Senz f~1 a"thracene 
Sen: L ~j pyrene 
?otal free fatty acids 



Tc:al partic~la:e rna::rr 
iar 
.. aar 
Nicotine 
ActUlder.yde 
Aero le in 
l soi,rene 
Hydrogen cyanide (HCN) 
Formalde~yde 
Nitrogen oxides (N01 as N02) 
CarDon monJx1ae (CD) 
Carcon dioxide (CD2) 
'T?H phenol fcs 

V~lues for s~oke components analysrs were expressed In five ways: per 
cii;arette, per puff, per 1iter of S"•Jke, per grar:i of tobacco, and rela:ive 
t(i :o:!1 ~~rticulate natter. Values fc1r condensate components were rec:or.:e~ 
Dn a wei;nt-to-weignt basis. · 

In additior, to the above determinations, Sf'fral special analyses we•e 
;.u•ornec on selHad conoer,sate batches. These indude glycerol, colori-
met.-ic phenolics, nicotine ~lkaloids, phenol+ cresols, o-creso1. m- + p-cres:1s, 
and prienol. 

2.5 Skin P•intins Sio~ssays. The stin painting bioassay was conduct~C at 
"•zlPton ~aboratorles. Eac~ condens1te ~~s trsted at two or three cose leve:s 
o, ;r-cw;s .if !OJ roice eac•., the daily application being 0.10 ml of·a c:,ncen­
satf swspension containing 12.S mg, 25 rr1, or 50 mg of dry smoke condensa:e. 

7hree control grou~s •e•e used: micr ••th dorsal hair clipped but no 
slln pal~:ing (Sha~); mice painted •ith acetone only to· test the effect of 
••~lcle ~ithOut con~ensate; a~d mice painted ~ith benzo[o)pyrene in acetone 
a~ tnree oose levels (positive control), to test the response of the syste~ 
tn a known carctnoge~. 

1-'ict. IC~ Swiss ho,ale mice wer·e randorr,ized five to a cage; cage occu­
:ancy ~as maintained but cage positions were changed weekly. 

Peint1n;. Dorsal nair was clipped ,-eekly, "'hile the condensate was 
Ht,lied daily (Monday tnri>ugn Saturday). The vt,1ume was measured by syrinc;e 
ar,cJ spreao uniformly over thE· test site "ith a ~lass rod. Condensate solu· 
tions ~ere tnorcughly shaken (by machine) prior to each application. Pain~ic; 
1,H continueo fo,· the aurat,c,n of the e~;,erirnent (18 months). 



Otst••ations. Routine otservations of the mice were made daily ~y la~ora­
:o,y tHhr,icians. If a ~us;,ected tun,c,r .. as ot,ser,rd on any animal for 3 
cc•nHc"tiv1· ><eeks, it wa~ recorded as a "visu~lly c,bser·•ed tumor." ~ata 
ertered or,ct a month intc, computer storage includecl (whtre applicable): <:!ate 
of tne fint visually ob1tr,,d tumor, description of t,,rr,or ( .. art-lHe or 
g,c,ss carcinc,nil ), number of tumors, weight of the animal, and ·date cf death. 

~ecropsy. All mice dying during ihe e,peri~ents, sacrificed if mori­
t,und, or HCr1ficed on termination of H,e e,perirr,ent at 18 months "'ere necrop­
s,ed and their tissues ><ere fixed in formalin. Tne target tissue of tftose 
niice visually observed to have tumors or suspected of having tumors at nHroosy 
.as histopathologically e,amined. Thp statistical analysis was based on n1s­
topdtnolo9ic:all.t verified tumon. 

Survival prob~bilitlcs. Actuarial metnod~ ~ere used to estimate the 
protiabtl ity (l'f) tnat an ,nimal within a given group woLild not develop a tumor 
1f tne animal wrre to sur,ive the 18 months of the experiment. Adjust~ents 
.,ere rna<Je for H,ose anfmals that died during tr,e e,perin,ent without de.elo~ing 
a tumor. In H1ditlon, estimates were calculated of the latent periods (nur'lbe~ 
c,f days since t~e initiation of t.~e experiment) to 75!, 50:, and 25: survi,al 
(T75, '50• Tz5). 

3. Histo2a!~olo9Jsal .confir-oatior, 

As stated previously, statistical analyses of tumor incidence arong the 
e,perimenta I animals were based on nistcpathologic111ly cor,firmed tumors. At 
tne conclus1an of the first s~in painting experiment, a set of 64 slides from 
tne mice painted ><Ith SES condensate ><as sent to three independent patnologts~s 
for separate reldings. Th• purpose was to est\mate the eKtent of consistency 
amJnQ indeoendPnt revie .. s of tfte slides, with refertnce to the findings cf tht 
nJzleton patholo~1st. 

Altnough the four repcrts of nistopathology were e,pressed in different 
for: .. at and in sc..,,ewhat ciflerent teminology, it was poBit,le to test tht degree 
of concurrence a~ong them concerning the ~resence or absrnce of malignancy, 
for on• slide, kazleton reported negative and t~e other three pathologists 
,·E·portE·d positivf. For another slide, Hazleton repor·ted positive and the 
other three Pdthologists reported negative. There .. ere four slides on which 
tne consensus was evenly split (i.e., two positi,es and two negatives). Dis­
ccunting tnrse latter four slides, Hazleton was in agrerment with the consensus 
of c,tner pathologists in approximat~l..y 98~ (78/80) of u,e slides oamined. 
A. S>MHHY fo 11 ows. 



~11 four ~os1~1ve 
A11 four neg~tive 

Subtota 1 

pos1tive, l negative 
3 negative, l pos1t1ve 
2 poslt1ve, 2 negative 

Subtotal 

iOT..\L 

39 
33 

72 • 86'. 

4 
4 
4 

12 • 14~ 

E•4 

7his high level of consistency between the Hazl,ton results and :nose c• 
the threr independent ~athologists sugiested tnat the histopathological data 
,-;i·,-e sufficiently rel iat1e for- analytical purposes. 

(. fa~~,:s A~·zed in __ the bperfments 

A co~plete list cf all e,perlmental cigarettes tested during :nese exoe•1-
ment1 is given in Table 1. The purpo~e in choosing specific clgtrettes ~as to 
test s£·1ecteci fact:)rs for relative levels c,f tumorigeniclty. TM· major 
factc,rs of interest, by e,;,erin,ents, ~re listecl below. 

S <In !'a int 1 ng 
_:_.i:.:e_rif',~t_ ,..,aior-. ~ac~c:,rs -~~-,·-~~!i_.:,~i-~ 

Laninae/S,ems 

RTS Paper Proc~ss 

RTS Slurry P~oc~ss 

]i;·~.s __ Q__!_Jigare:tes Testeo 

• SES I, laminae only 
I flue-cured, laminae only 
• Burley, laminae only 
• 5[6 I. stems only, rolled and 

CLJt 

• stems only 
t n>Edium density 
, additives. low density 
• additives, medium density 
• additives, high density 

•· ste~,s and fines o'nly 
• med1um density 
• additives, low density 
• additives, medium density 
• additives, high dens1ty 

• 

' 
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Skin Painting 
_ExQerime~,-~ ___ H~or Fdctcrs_'ar ,:,nal1_sis 

JI 

rrr 

r (Cont. J Other 

Nicotine/fertilizer 
A;:vlication 

Suckering 

Tobacco Process1n9 

Artificial TotHCO 
Sutstitu!~S (ATS) 

Paper Porc,s ity 

Fi lten 

Additives 

, citrate paper 
, phosphate P•Per 
, potassium nitrate (2 x SE3 I) 
• toarse cut tobacco (20 c~:s/inc~) 
, fine cut tobacco (60 c~ts/incn) 
• co~~inations of the above 

• • • 
1, 
I• 
1, 

9urley, nor.nal/nonnal 
aurlty, low/normal 
B"rley, low/high 
Flue·cLJrec, normal/r.orr:-.al 
Fl LJe•cured, 1 ow/nor.na 1 
Fh,e·cured, low/hi~h 
Flue-cured/Burley (3:1) 

nc,rina 1 /norma 1 
1 c,w/ no nr,a 1 
1c, .. ·/high ~ 

• Fat:y a lccriol, nomal 
II Fa,ty alcohol, XlOO 
t• riand suckered 

;;eynolds pu'fed 
P~il i;: ~orris ex;aeded 
Freeze-dr·ied 

• ATS-A 
• AiS-A:su, II. 50/50 

• Al'S-8 

• A1 S-9/SE£. I I. S0/50 

• Low (5 c~/min) 
, Standarj (30 cm/min) 
, High (60 cm/min) 
, ~ery High (100 cm/min) 

, Cellulose Acetate 
, Dilution 
• Perinanganate 

• Sugar 
, Humectant 
t Cocoa (po~dered) 

Other (magnesium nitrate, 
zinc o,ide) 

-·...' .-



S,in >iir,tir,; 
E.i;;-=r-i-,e,. t 

r v 

,~:if,:,~1 rcoac:o 
S,cstitc,tes 

Reccns:!:c:ed 7obarco 
Sheet ( .~iS) 

Ar:i'ici~l 1oba(c, 
S".J~S:~:"":es 

• :..;s .. ;:·S£5 ! :! 3~:·: ~ 
I A iS-8 

A7S-S!S:'.S ! . J •• 
15:; 

•1 Pa~e!"' 'JS. s 1u!'" ... i' ~ro::ess 
Steam es. ~ater extrac:,or. 
Hex~ne/ethanol vs. •a:e•: 
rr,ec"'iardca1 e.11:~rac~i~r: 
Inorganic fillers 
Aacit ives 
Burle)' vs. Sri;~: le!f 

• 0. 0, -~. 5, l . 0, I. 5 r; ! : 1 ; 

• E x~a nded s a..,s. ! 8Cl', 
• Expanoed ste~s/S~3 !V, 5:·~: 

t ATS·S 
t Ecust3/SE5:v, )C/70 

;estic,~~~7rt3!t~ ~lants Pesticide.free 
~esticide·treated 

~·.·: , 3-ontnyl, 5-metnyl, 
1-2-3-o•)'n,azole (cs!-·:!· 
ar,3lyses only; no H,o 
painting) 

ts mention~d previously, the Universi:y of ~entucky (!RI) and the St3n~er; 
bPerinental Slenc (Si:f.) ..,ere useG H cc,cvnon r1·feren,e cigarettes t~rou;noJt 
tne four skin Pdintins ex?eriments. Chemical inalyses and biological res~onses 
fror;-. these cigerettes were used to ~1eaSL1re the consi$tency of protocol fro~ 
c1ne eAperiment to the otner. 

Ta~les 2 ario 3 surtc",a.riie the chemi(a1 analyses for the lRI cigarettes, 
tc,r t11e smoke ario tne srr,o.e condensate, respectively. The results inoicate 
o hign level of consistency in the deliveries of all constituents. For :he 
condensate analysis, stearic acid and indole produceo the greatest variations 
fror-, tne Series I-IV a,er~grs. The Bat., SAP, and skatole levels were, ho .. eve•, 
rr.ucr, closer to the running 1veragB than those of the Series Ill conoer.sates. 
The cresols werE not protocc,1 constituents, but wer~ measur~d in one tatc~ 
of tondensates. Hence, batc~·to-batch contributions to the variability of 

lG 
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:"is consti:~ent were not avert;ed, and the repor:ed dat3 differ from ~reviJuS 
rieast1rer,ents. Further anolyses .. ould t,e required to ce~erc,ine if these c:"er­
ence~ are real. 

lab If~ 4 and 5 surrrnar fze similar results c,f the ch(•mical analyses for :he 
SEB cigarettes. Re-analysis of the SES-! cigarette throughout :he experl~e~ts 
suggested little effect from aging In cold storage, with the exception of :he 
o,1oes of nitrogen (NO) content of the gas phase. Over the course of the 
four e,oeri~,erits, NO, ~el i•ery of the SEB-l ap,,eared to ir,c"ase by about 2G:. 
To determine if this is a oefinite trend, or if :~is Is nc,rmal ! 10~ variation 
ibout a mean value, requires additional analysis. No regeneration of the 
5erier, I condensate- was perfonnecf 1n St·ri!S IV. 

lhere are relatively tmall differrnces In the average smoke and conden­
sate constituent concentrations of the SE9's manufactured for Series II, Ill, 
and IV, suggesting the difficulty of e,actly reproducing the SEB blend and 
generating the condensate frC1T1 year to year. He,..,,.,,., thf variations are 
minor and prob~bly represent tne best results achiev~ble ~Ith current :ech· 
nolc,gy. 

Biological response data for t~e rere,e~ce cl,arettes are;su"TS3rlzed in 
Tt,ble 6 Ir, terms of the fir.al probJbillty of survival (Pr) and associa:ed 
si.indard errors, by e,~eri:-en: and dose level. 

A~ a test of consistency ar.,ong experiments, the PF values were con1pared 
pairwiH "'1thin com:ion dose leveis for the lRl ci~ar·e:tes, and seoarately for 
1J,r SEE: cigartttes. The PF ,al ues :cer:sel•es are niaxlrium 1 He! 11',ood esti­
mates ar,d, as sucn, are asyri~:o:1cally r.c,rr.ially distributec. On the !:as1s 
cf this lattH property, in conjunc;ion ,ii~~ the large ae,rr,al group sariple 
sizes used ir, thHe bioassays, the normal deviate test ..,as used for tne com­
parisons. A 1 lst of the ;,airwise comparisons perfor~,ed is given in Table 7, 
with statistically significant differences noted if such differences are sig­
nificant at the s: (or higher) level. 

As seen frc,n1 this table, no statistically significant. differences .. ere 
found 1n comparisc,ns between the 1~1 cigarettes. However, six statistically 
sl9niflcant difftrences "ere found when comparini the SEB cigarettes--three 
at the 5~ and thrte at the 1: level c,f statistical s l9nificance. It h to 
be noted tnat the three tests resulting in differences at the 1~ level all 
ir,vc,lvecl the SEB I cigarette from u,e-Series II bioassay. This same ciga­
rette was also involved in one of the tests that resulted in a difference 
ac the~~ level of significance. The SES I cigarette from the Series I 
b101ssay was involved in all tnree tests that resulted In differences sig­
nificant H the S~ level. 

SfG I frc,m Series I had an unusc,al ly t-.ig,1 PF value and SEB l from 
Series II had ~n unusually Jo.., PF value. In co~paririg all SES PF values 
slr,1ul tu,eously for each giver, dose level, it 1s tne ~ES l cigarette from 
Serles II that 1!'1trges as thE· potential c,utlier. 
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Of t~e :, S~: tes:s r,o: ir.volvir,g SC:5 I fro,-:: Series II. or,iy two re.': 
in s:atistically st;clficac: Cif'erences, a•d ~c:n of tnese are a:=•~ 5 
level. Tn1s is not inco~c,a:iole ~i~h ttsts of si;~ifi:ance (:~e~e is a J~ 

c~an:e tna: two or ~ore of tne l9 tests would ~e si9~tficar.:, so 1ely by 
c~ance). if all 27 tes:s tmng tne corrr..on reference ci;are::es are onside·~: 
(eaclusive of Sf; l fro~ Srries II), the chances of two or ~ore :es:s =eis~ 
significant increase to 40~. 

The tests cor.sicered here irt,ply t~at or,e snould be CH,:i~~s in r,Hisc 
use of SED J !O draw infere,.ces frc,m the skir, painting expe•ic.ec:s; rio1.;e,,er, 
tnc overall t~s: res.1:s are co~patible with consistency anons tne !~ur 
e)pe·rir.ients. 

6. General Sunmarv cf Resul_:s 

Detailed analyses of the data and presen:ations of the results a~e i•· 
clu~ec in tne se~arate con~renensive reports af each experiment. Tab:e ~ 
s~r.r;.~rizes tne res .. l ts for the major factors c,f interest in ter:,s of tJc,:ri­
genicity relative to SES. 

Seve•al significar,t findings ~·ere ootainl'C' fron the first experi:ne,:. 
Ciiarettes 1:1ace witn >,ign-parosi:y paper, those made of tobacco ster.s only, 
an= those ffiaoe witn recanstit~tej sneets all provided condecsa:es foun~ to 
t,~ 1 ess tu,.,origenic to mouse skin thari SEB I. lleither the wi~tn of ::~acco 
c.:s nor tne couolics of nitrates conttnt :o 5£6 I appeared to affec: t,e 
concEnsate tunorigenici:y, but cigarettes made of tobacco lar::inae only we•e 
s.:i tcxL: ~o tne rrc .. se :'la: t.r1e Skln painting with their condtnsat, hac to ce 
, lsc::;r::,~..iec. 

ror Serie!, Ii, tne lo~ nicotine/norrrial fertil:zer and low ni:o:ine:•,;• 
fe,·~ilizer :,lerios sno..,ed significantly lower tuir,origenicity tMn tne nor:.-.~, 
nico:ine/norrr.al fer:iiizer t,lends. There were nD significant Clifferer.ces, 
ho.:ever, betwe1,n tne low nicotine/nom.a1 fertilizer and low nicotir.e/nig, 
fer:,lizer blenos. 

Condensatts of :he ~e,"olds puffed, Philip Horris expandej, and freeze­
~ric~ S~B II blenes showed no statistically significant differences a~ong 
thE,mehes, ~ut the expanded anc frteze-dried StO II blends showe~ signifi­
car,tly lower condensate turr.origer,icity tt,an SES II. 

One of the two artificial tobacco substitutes (ATS) had the lowest con­
densate tumorigenicity 01' el 1 blends tested, the other ATS had the hignest. 
Bler,cs of triese non-tobacco n,dterials cor,,bincd 50/SO with SES II, howeser, 
wHe not significantly different from srn II itself. Condensates from the 
ATS r,1aterials "ere not as homogenous as tobac.co condensates and appeared to 
differ in physical pro;:,erties. Further testir,g of the ATS materials was 
done as part of the fourtn cigarette e•perimrnt. 
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ih~ fHty alcohol, fat~y alccsol , l~O. ar,d har,c-s,,c,ereo blends sno.re~ 
no sig"if1c.r1: ~,fferences ar-.:ing :nemselves or from tn~ Si:3 II ~le~d. 

H,I' resul u of the correlation analyses of several cnnstituents of toe 
:obHco, INf, and condensates of the second cisarette e,,,erinent compl e,;,ent 
:hose of the first e,periment. The concentrations of botn nicotine and t!r, 
as constituents of the condensate, were highly correlated with the incidence 
cd tuc,c,rigenic activity on 1,10use Hin painted with the concer,dates. Static 
~urn rate was negatively correlated ~ith tu•mrigenfc activl:y. Since static 
ourn rate can affect tne cnemical composition of tnr s~oke. a fast ~urnir,9 
rate c,ay bt· t factor in de1·elop1ng less haurcous cigare~tes. Other cor.1po~ncs 
tnat were n~gatively correlated with tun~rigenicity in both experiments were 
ac:etaldeh.fCl', fon,,aldehyde, ;10,, C~l. and acrolein. 1otal ~henoiics in tne 
lNf, r.,:,ist~re c,,ntent of the cigarette filter, and t,enz[llantnrHene in :•,e 
cc,nc./er,oate ... ert· ;!Ositively correlated with twr:iorisenicity. 

Coi:parisons amor,g the tobacco addith·e •ariables for Series III indica=e 
:t,at cn?gnesiu,cr nitrate reduces the tu'IOrigenicity of cisaret:e condensate. 

~hen the adtitives sugJr, humectant, and cocoa are co~~are~. neither 
h,9ar nor r,umecunt seems to affect tne tc.r,10riger.1clty of tne tobacco sr:ioke 
Jt lower (li'.S mg) ~OSI' leuls but may contri~ute to tur.iori~enicity at nig~er 
case 1 ~·els (25 1119). Powcered cocoa a;,.1·ars to incre.ise tne tumorigenicit1 
of tne snoke lt botn dose lrvels. 

i~e air .::fl~tion fil!er ~r:·,'e~ ~:i ~e ~z"ec:1ve in r~cucin; :tie :;.;n:,rl­
genicity of He cigaret:e or.cecsate a~::,11e~ c;n an N,;inle-nt weight basis . 
. ,e1~'lE'r :ne ~e~.,.u1gar.a:e fil:er nor ~~:e ,::-11....,1~sE a(eta:e f~l:er reductd t."'le 
:.ccr1;enici:1 of tne condensate. 

Th~·re were nQ statistically sig~iffca~t ~1fferences i~ :~morigenic1ty 
arc,,,.g ~ne pa~er poro~ity variaoles c,r oet .. een thl'se variables and SEB Ill. 

Of t.,e two artificial t<ibacco utstitut~s (Cenc:ed t,y ATS-A and AiS-2) 
incluced in tn,s ,,~eriment, t.,e ATS-A cigarette fared "'ell with respe~t to 
10 .. ,r ~uc<Jri,;enicity corr.;:,ared to SES III, ... neros the ,HS-6 cigarette fared 
poorly. E,;erimental d1fffculties arose with ATS-B regarding :.,e cnoice of 
s0lve,,t ust·d 1r1 trie second arid third exptr-iments. Tt1;s cigarette \.,dS re .. 
testec', cur;ng trie fourth rxpt,riraent us .. 1ng ,a oiffererit solvent. 

Series IV was the last cf the skin painting e,periments. Oser•ll, the 
Brignt tobacco produced concensues sl igntly less tcmorigenic than the 
Burley tobacco, t,asl.'d on ruults from tne n~~se sUn Ddin:in<;. fiowever, 
tne !:iri;ht and Burl,:y sariates ... ere comparaole .. 1tn res~ect to selected 
cner:,ical yields. 

une of tne par,er process cigartt:es (10~ cellulose r;:,rr aaditive, 
nic:ot1ne addrd MCI ir, tne fona of n1cc,tine citrate) nad th!, lo ... est ::-,easure 
of wrvnal for all sariates testeo l-t two case lesels. Ot•,erw1se, :,otri the 
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pa:i~r an~ 5Ji,;rrj :ir:teSSC~ ~:it>dC:O na:? Sur'"Vlll'~l lt,l?dSJres ei~~er co:-.:~,...!:':i 
ta or sign,ficdntly ~,;~~r tian s~a. 

i-10 s;gr1ificdr! differerices -.,ere cbser',,·ed betweeri ci;ar~!!es ~=~ ~:-:·: 
?esticide-tr·ea:e~ :o~acc: leaves and pest1cije·free to~acco leaves. 

Based en be:• skin oaintin~ bioassays an1 yields cf selec:e~ :·e-•:a:s 
n1Nsured in =~e co~cer:sates, cig~renes r.,adr fror,: ex;;an.Je:. stem; ~ere s1;­
ftificantly less tumorigeric than 5[8. 

A pcsitive corr'elatton w4s observtc! between nicctine c:-.te'1: of ~::--:c~~ .. 
sate anc biological •esptese. &e:~use of variations in conaens~:e y!!'.:s, ·: 
is not clear fro~ :nese t~~eriments if the correla:ion suggests a caJsal ·e·~­
tioasnip. 

~estJlts fror.. :~is focrth e•~erinent s,111port the fir,ding froc: :·~ :~fr~ 
e;1;.;,?rimtnt :~ia:, in the ce-sign of 1ess turnorlgen1c cigarettes. it r,;a_.,,, r::--: ~~ 
r,ecessary to go beyond a paper po,·osity of approxir:iately 60 c1,1/min. ~o..iever, 
ts ~ointed OL·t i~ t~e re~or~ on tht third ~xper~~ent, toxic 9as phas~ co~i:~:­
vcnts can tie rec Jc ea fur:~er :~rough tt,e use of more porous pa~er. 

Tnere was a sl ig!lt inpro11eme"t in tM measure· of survival for :•e ;,75.5 
cigarettes wri!n a rno:'.if;e,~ solvent ~as vSE·d. Howeve-r 1 there is sti11 no 
evidence tnat tne t.iS-S cigdre:tes prcduce ccndensate that Is less :J~c·•· 
genie than SES. 

i"le r-t"a::~r is rf!~,..,..~'j to tie S!•;1arate re;,orts on el'i:h of the r: .... :i.,· .... 

;,lin:,n; e•~e·i;--;e•:s for c:i'talled presentations of the protocol, cneri:31 
a~alyses. StLts:lcai a•.;1,,es. ano ir,ter;:,•~tatlor.s of results. i~ese rf­
por:s ar-e aiwai1a::ile tnro...1£~1 tne 5r101i:ir:g and Healtn Pro~rar.t, :~a~lor.al C~r.:er 
Ins:,tute, anc: en:i:led: 

• iie:,or: ,;o. l, To-.Hcs Les1 Hazardous Cigarettes. T~e First 
Set o~ f>perir.ier.:al Cigaret:es. :lH,,: Publication ;10. (IHH) 
76-90;. 

Re~ort ,lo. 2, TowHds Less Hazudous Cigarl'ttes. The Seconj 
Set of £,perir,ental Cigarettes. :>htrl Publication ;10. (,;!h) 
76-1111. 

• Report :10. 3, ,c,w~rds Less 11azardoL1s Cigarettes. The Tl'lird 
S,t of Experln~ntal Cigarettes. OHEW Publication No. (NIH) 
77-1280. 

• Report No. 4, 7owards Less Haztrdous tfgarettes. T~e Fourth 
Set of E,~erin,ental Cigarettes. Maret,, l9eO. 
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l l 
2 2 
3 ) 

4 l 

5 5 
6 6 
7 7 
e s 
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10 10 
11 11 
12 12 
13 13 

:J 1.: 
15 15 
15 , -. , 
17 17 

13 i 3 

n 19 

20 n 
2! 21 
22 2? 
23 n 

!i:-1e :,.,:-!·r· 1 .. ""'e"l:al :1-::i:'··e::,~s -~s:~:! ,., 
SLin Ddi~::ng £x~tr1~e~:s 

Experi'"<ent [ 
Cigarette Dtscrt,tfon 

----------- ~-----··---- ---~--------·--·--------------
Univer,fty cf Kentucky Refuence (1Rl} 
SES I 
S23 I, Hi~ por,:,slty c:Hrat1· puier (Sc~ .. eitzer •SCS} ('8 c:,,/:n1n) 
S:3 I, Low porosi~y pncschate .iper (E:~sta Ktferenct A of Sc~ .. e!:=!' 

R1gular ~tr~i) (11 cm/mfn) 
S!:S l, liltratH added as l(.~0 1 tc, 2X nHur1l 1Htl of S!:~ I. 
S;:a I. cut coarse (20 cuts/1~) 
Sf3 !, cut ffnt (60 c~ts/fn) 
SB l, wit.II lo,., porosity phos;:,ri•te piper inc coarse cs: (c~~i~•tice 

of codes 4J.6) 
SE3 !, Mith high porosity citrate pap~r and high ni:ra:, c~n~en: 

(coet>ination of cc,du J&S) 
SE! t. \.aminat only (only leaves of t11e for:nui. used) 
S::! I, i'lue-cu,.td La,.,fnat only (only flue-cu,.td loves of fonnul& uH~) 

·S£9 !, Surlty laminae cnly (only Burley le1YtS use:) 
S:3 I, Steff:S only (cnly flue-curtd and Burley. s:e,ns use~. ,.olle1 

•nd CtJt) • 
S£3 ! , Sar-.s o.,ly, ~..a:e into lHS t,y Sch .. ,1 :zer :acer prccus 
Sr:3 I, Stems and ffnu only, ma:::t int;, RTS ::,y AMF' s1ur~y Pr~cess 
lTS of 11hole sa I by Schwti tzer c,a,er process, no 1ddi ti vu, 

medfur, censi:y 
~iS of "hole S~3 

1 o,, df!nS 1 :y 
RTS of .inole SE:3 

r.>ed1Ufll dt~S1ty 
ns of .,nolir SE3 

high clensity 
,rs of .,no,, SB 
,rs of ,,nole SE3 
,rs of ,,no le s::1 
.us of ,no le SE:3 

by ~:'IF 
!:>y ;.:-!F 
by ).Mf 
by A:-!F 

s h,rry ; rocus, 
slurry ;roc:us, 
s h,trry Proc:tss I 

slvrrt ;rocus, 

no idCiti~es, ~~~ium ~~~s~~Y 
additives•, low densi:y 
a~d1ttves•. ~edi~ densf:y 
additives•, ni;n density 

·:~ Hdf:::;r, to 9lycerin1 2.81: and ir.,tr: su;ar 5.JU, 1C:dftiYtS were: 

i"e~~octl 
"eflne~ uno'.etcsed sul''~t ~ul~ 
E:.~ylhydroxyet.~yl eel :,i:se 

7.Js: 
1.::1~ 
1. 3,: 
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l 4CJ 
2 41 
l 42 
4 4J , . . , 44 
(, 45 

' 46 
E 47 
9 46 

10 4.9 
11 so 
1 Z 51 
13 S2 
14 SJ 
IS s~ 
H 55 
17 56 
18 57 
19 sa 
lG 59 
21 6il 
22 61 
2J ~2 
24 i:, 
25 (.4 

65 
66 
70 
71 
L~ 
MN 

T~t,le I. {Con~.) 

ExoHiment l l 
c1;,~ttt Des;r-fptiori 

UnhHsfty of ~1ntL1c:ky Reference (lRl l 
SE8 l 
SES II 
SE! Ir 
SE3 II 
SEB II 
AiS·A, 100% 
ATS·A, soi' SEB I[, so,; 
RJ Reyr,olds puffed SES II 
Philip Morris ,~p,ndtd SES ll 
frttU•drl ed SE3 11 
Str1fght Burley, nonnal nicotine, non"11 nltr-og1n· f1rtflfz1tlcn •(NN) 
Str1f;ht Burley, lo.• nicotine, normal nitrogen fertf11u:fon (L~) 
Str1i9M Burley, lo., nicotine, high nitrogen ftrt111zetfon •(LHl 
Straf;ht flut·curtd, nortr~l nicotine, nonnal "1trogen fertflfZ!!i~, (N~) 
Str11;11t flut-curtd, la., nicotfnt, ricr-n111 nitrogen fertf11zation (LN) 
Str1f;ht flue·curtd, low nfcotfnt, hi9h nitrogen f1rtilfz1tlon (LH) 
Bltr.d l parts flu1·cured, 1 1,1rt 8urhy (NN) 
Bltnd J pacts flut•Cvrtd, l p1rt Surley (LNI 
Bltnd 3 p1rts flut•Cured, l p1rt Burley (LH) 
Hind sur.ktrtd (no suckt~ing chtmfc1ls use~) 
Fu:y-11 cohol • nonr.a 1 
F1:ty-11coho1-x100 
AiS·S straf~ht (100:) 
A iS•9, !-OS & S£a I I. SOS 

l!emlkt of SE3 II 
l!tm.tke of Code 48 Strfu I! 
Rerr,akt Of St:3 I 
~m.tke of Code 19 Seri es 
Low Nicotine 
H1gh Nfc~:int (sofae() 

·~or"".11 Nicotint v1rhty, NC95. 
~c,..· Nicotine v1ri1ty, l'190. 
~c,~.al .~i!r-J~tn r1t1, 6:lb/acre 
01;n ~i:c-c,9eo ratt, lOOlb/lCre 
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I 

l 
lA 
J 
4 
s 
6 
1 
e 
9 

10 
11 
1 Z 
13 
14 
15 
I~ 
17 
HI 
1S, 
2(1 

21 
22 
23 
Z4 
25 
26 
27 
2S 
29 
:;o 
JI 

32 
J) 
34 
35 
36 

-----------

~d~,le 1, (Coct.) 

C1~. E,oecir.,ent 11 I 
(oc'c· _____ ------- __ __::."_'_r_e_t:~_Des~:!~:'~-----· .. _____ :;i_a_y_2_J_. _:_s_7_~_J __ 

4-0 
41A 
:1a 
75A 
758 
72 
73 
74 
16 
71 
1a 
BO 
81 
82 
83 
84 
85 
B6· 
87A 
s1a 
88 
cl9 
~Cl 
91 
92 
93 
95 
91 
99 
0 

01 

79 
94 
96 
98 
CiO 

Unive~f ty of KentL1c~y Ref1renc1 (:;,.I) 
5£9 I 
S E8 l 
SE8 l!l 
sa Ill 
srs I 11 
SE!I III 
SEa I II 
SES Ill (Schwritzrr piper 489-14; Lo,., po...,slty) (Sc.m/m1n) 
S£9 III ('lergt 55 paper-llig~ pc,rosi t_y) (60 cm/min) 
SEa Ill (Schweitzer perforaud p1per-ve~ 11191'1 porcsf~y) (lCC C":.'.-:,ia) 
SE3 Ill llo su9&r, >ti th hurr.ect.Jnt 
SES III With sug1r, no humtctlnt 
SES III With 1: coco&, no su9ar/ no l1usiec~1nt 
SE:B rrr No sugar, nc1 hu111econt no cuing) 
SE9 Irl With L&M addl:fvt ,1 (l~a;neslum Nitrite, 5.72:) 
Sc.3 rrr With Ll'i acoitfve -z (Zt11c 0,.1~1. 7.<19:) 
S£B 111 Wftll L&M 1cdftfv• fl U!.!gnesium Nltr1u, 5.61%, !inc O<i~e. 6.~5~ 
srs Ill Surl1y Slend, cased witll sugar, no humtct1nt 
SE3 !Ir Burley Blend, cased wftn sug,r, no hu~ctant 
S£3 lll 9ur11y 91tnd, no c1sln9 (no sugar) 
StS III llfth dilution filter 
SE! Ill Wi:t, dilution filter and Sch..,tHZtr ;,erfora:td ~~:tr (::c ::-,/:,,;nJ 
SE3 Ill lift.~ cellulose act-:Ht filter 
S::9 III lift.~ Ptrmangu11tt ff lter 
ATS-A, 30: & SE! Ill, 70:, ~lw. fllvor 
ATS-A, 3J: & SEB III. 70S, plus fllvor 
ATS-8, 100S (old 1'11terill, old CiytS) 
ATS-8, 100::: (ne,; ,'!lll:erfll, no dyes) 
ATS·B, 1001 (old 1N1terl1l, no ~yes) 
ATS·B (old mattrial, no dytsl so::: & sr.:~ III, so::: (casfng 1pp1ied to :~-

bacco portion only) 
sea II I 
ATS-A, JO::: & SE3 [II, 70S plus flavor 1o1fth Vtr~l 60c:!1/sec ,a~er 
ATS-A, soi & 5£9 [[I, so::: (c•slnq app11td to tocacco ~oction only 
A7S-B, 1COS (old :,;attrial, new dyitS) 
AiS·8, 100::: (n, .. n\ater11l, ni·• dy4!S) 

-~ca: :(c.S~ ~:6 ~acer •,st~ ~n ci~artt:e c:du 72 ~,r~ 75, 7!i :nr~ 89, :ll :~rs :l3. ,t :.~r;J 39, and c,n -:o, ~. and ~1. 

·1c,te. r5 .. \ • ar:f fic:fal ::oacc, s~os-:· -:~:e A 
!~S-:: "•r-:T~~:~a~ ::::cac:::} s..;os:~o:J:I! 3 
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1able l, (C:int.) 

--------.·----- ~--·-------·--------------·---------· 
V•r.1 Ci;. J Ex~rir.ienl IV 

__ N~. ___ Coo, . ------·- C15.1ret:, __ Ouc'1:,t1c,n _____ _ 

I :IO 
lA 38 
2 32 
3 14 
4 25, 

5 04 
6 33 
7 o~ 
8 06 

9 oz 
1 C• 29 

11 10 

1 Z 17 
1 J 2l' 

1 4 2~ 

1 S 18 

16 12 

17 03 

Ill JS 

19 16 

2(, n 
21 19 

22 15 
23 (18 

25 24 
27 13 
z~ 11 
29 31 
:;c 23 
31 25 
32 3i 
33 2'. 
3~ ,:, 
35 36 
36 ,:5 

Unhtni~~· :,f Ktntucky Rtftrtnct (1R1) 
SES Ill (S•mt •s C~de 75, ~tr1ts Ill, L&M) 
SHH 
SU I'i 
SES IV 
5£8 IV 
5£3 IV, ~TS, PJS pa,er process, "o •ddftiY11 
5£8 IV, RiS, PJS pape, process, 101 1ddftfv1s (c1llulose f1~e•) 
SE~ II', R7S, PJS paper pr-octss, lo:; 1dd1tiYts (c1llulou fi!:>e•), 

no return of ~•ter solublt sub1t1"c1s 
SE3 11', RTS, PJS piper process, to; additives (ct11ulou ff~tr), 

nfcc·t1n1 reduced by pr-oprleury process 
SE9 I~. RTS, P.JS paper pr-ocess, 10; adc:lt1vu (e111u1ost f1:ie•), 

nicotine rtdvced and added b&cl: 1n fom of n1cot1n1 cltrtte to 
level of Codt 3Z, SES IV 

SEB IV, RTS, AMi' sluny procus, no 11cfditiw1i uc1pt 2.8: 9lyc1rine, 
5.31: invert su91r 

5£3 IV, RTS, JJ'.F slurrt p•ocess, 13: 1dd1t1v1s (111 Note 1) 
SES IV, RTS, J.."',F slurry process, 13: 1~dit1wu plus 6:; p~ 1ctjus:;o,,: 

(SH Nott 2) 
5£3 IV, RTS, Mi' slurry prouss, otracte~ wt:~ h1.ane-1sop_ro,y1 

1Tconol •zto~ropt, lJl tC!d1t1•ts (s11 Nott 1) 
S~S rv, R,S, J..'1F slurry pro(tSS, otrict.td .. 1t~ 1sopropy1 110~-o:­

~•ter 1zeo:ro:e, 1311dd1t1vts (st1 Nott 1) 
S£3 IV, RiS, PJS P•P•r proc1ss, IOI 1ddfti•1S (ctllulose ft~er), 

~••Y subs:ances reduced · 
SES IV, RTS, l.."',F slurry p,-;,cess 571; p1us 301 c1lciut11 c1rbon1:1 

plus riote 1 
5£3 IV, R7S, J..~F slurrt process 271: plus 60i c1lcf~m c1rbon1tt 

plus Nott 1 
5£8 IV, RTS, A."lF slurry process 271, e•tr1cttd .. 1v. 1sooropy1 

1ltot1ol-.. ottr •zeotroot, plus 60: calcium carbonate plus Nott 
SE9 IV, RTS, PJS paper process, 10: 1d~1tlvu (ctllulost f1t>tr) 

plus zs: 1nor9anic ftlhr, (calc1urr. carbon1tt 18::., clly 7'1) 
SEB IV, RlS, PJS pipe~ proct.ss, 10~ aodlti,1s (ct11u1ose fi~trl 

H: 02 tr11 ted 

Sc3 IV uo1ndtt s:,.,,,, 100: 
SE3 IV txoandtt st.,-ns So:. SES tv SC: 
Ec.s ta 1111 ttril 1 30:, 5£3 IV 70: 
SH IV nicothe remowed 
S£3 IV nicc:i~, 1t 0.5 mg/ci;. 
S£3 IV nicotine It 1.0 m9/c1;. 
SO l'J ni:o:1ne H 1.5 mq/:;g. 
Burley lufwi:~ f;,11 ret;,rn of s:,.,. 
Burley luf ~.s. ~f" slurry ?rocHs, 15: atC:\!ivu (su 11ote ~) 
Burley HLC ~TS, AJ<'F slurry ~rocUJ., 15: 1c:1:1·,u ·(511 ~ote 3J 
Br19nt luf wi:~ full •H;,rn ~, stems 
Bri;~: luf RTS, A.I.\F sl.r·y orocus, is: ad~i:i,es (see No:e Ji 
Sngnt HLC RTS, AMF slur•y ,~cess. l!i~ 1coi:,~es (set No:~ Ji 

13 
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-· ------- ·---- --·------ --~ ----·----·--·"·-----· 
Vu. I Cfg. / E•oe<i'Tlen: !V 

~<>-_ • __ C~.:te ~--------- __ CISUHt~ _Oesu~fon _______________ _ 

LS 
1'16 
67 
(B 

Ftstfcfdt fret tob•c:co 
Fest1cfdt tr11ted tOOICCO (Set No:t 4) 
SEa lV, truted wit>, PMO (t.5: by wn1gnt) 
SES IV, .,ft.~ specf1l lOOcm/min ,,,per· 

A Codt 75, Stl"fes Ill 
C Code 97. S1rhs rrr (ATS-9 100'1, old n,1:eri1l, old ~yes) 
O Codt 0, Series Ill (ATS-B IOOl, old m1:ert11, no ayes) 

···-----------------------· ··-- __ .. ________________ ·----------
:o.oa 1. A:'jf t1vtS; ~tffned unb1e•c~ed Sul ff tt pul~ s.osi 

G1l1c::o·M1nnan ~ums s.as: 
Ctllulou E:her G""s o.sz: 
Oh ldehyde Cr::as I in Ir.tr _Q. ss: 

Tota I 13. co: 

~oa z. Addittvn: Si"t IS .~Ott I, ;,lus 
so,:fu,n ~ycc~xf:e J.2:: 
Citric Acid • 2. 30: 

rout 6.oo: 
~~c :.1 ). ).::d f :1 VIS: Refined un~leacned Sul ~1 :, ?ulP 6.ZSS 

irfetnylent Glycol 2.zs: 
c;, 11cto-M1nn1n Gums 4.48: 
Ctl lulou Ether Gums l.4Z: 
Ohldthydt Crosslfr1~1r _0.60: 

Toul 15.00: 

~c:e 4. Accitivu: n,, so11 ftr:f'.ift1, ;,estfc:i::fe resf::fuu and ,u~id~es usec on 
Cocu LS and ."16 art 1 is :ed jr, a seoarate doi::t.ment. 

-~~s • rlfOns:1 :;ittd ~;01c~:> Sh Ht 
~JS• Pt:H J. Sc;!'r,,ef:ar 
-.'!F • ~,·. tnc . 
.... :.: • ~cnl(,c;tni lid Lttf C~1re':1 .. 

l~ 

......__ .. 



T dbl e 2. 

[If• l i ,ery 
f·er _[ is_. 

TPl1, m9 

Wa tr.r. m:i 

TA, o,g 

Tar, mg 

Ac eta l det,yde, ~9 

Ac n:, 1t in, vg 

I ~oprerie, L;f' 

H(rJ, \.I~ 

Fc,=a 1 dehyc!I', u9 

NOx (u N02), i,9 

co. (n,1) 

co,. (ml) 

Phenolics, l'9 

TPM l1alrr.itic A, id, 119 

01-lin-lin Acids, l'9 

~aric Acid, 119 

1 Clta 1 Free F ,tty Acids, ~g 

Srrok.e Andly~,s of Kent~ckv Referl'nce Cigarette 
(1R 1 J ~cro~s the Four Skin Paint in, bperiments 

~..c_ie_~__!_ -5~":.!.!2_.!l i e _,.._, _t· ~ - !..!.!.. Seri_l!S IV_ 

43.2 44.4 43.1 43.8 

5. 5:, 5.07 4. 16 5.58 

2.f.S 2. 61 2.61 2.60 

35.3 36.6 36.6 • 35.6 

957 985 1084 1058 

125 128 123 110 

ses 585 565 576 

422 413 417 ,: 15 

32 32 3·1 30 

,82 269 27B 285 

17.6 18.0 16.2 16.8 

32.S 33.9 34.2 34. 7 

209 236 214 

171 178 

256 ?93 

65 57 

492 528 

- - ·-~ -- ----------- --- - --·----- --·----·--------

2J 

__.__. -

I 

E-"!~~ 

,; ' .......... 

5.~? 

2.52 

36.0 

1021 

l 22 

sn 
!17 

31 

278 

17. 2 

33.9 

220 

175 

275 

61 

510 

' 



iat, le J. Condensate ~nalysrs of Kentucky Rrference Cigarette 
( lR l) Across the Four Skin Pa inti 119 Ex;:,eriments 

--· --- ···-· -------·· ----- -------·---·- ---- --···-----·-------------
f~! Gr~m Ory Weigh_t ~C.!~Ll k..!.!~11. ki:.i_~~ Series IV. 

Nicc,tine '"'9) 97. l 92.5 93. l 87 .6 

Plier,ol (mg) 4.29 4. l 8 4 .19 4. 07 

o-Cresol (mg) 0.86 0. 77 0.62 0.47 

ro•r:,Cresol (mg) 2. 4 S 2. 1(1 l .87 1 .33 

Pt,,·no 1 + Cresc, 1 (mg) 7. €,D 7 .05 6.68 S.86 

\.'eak Acids (meq) 1 . 31 1. 35 1.42 · 1. 32 

Very ',leak Ac ic!s (:neq) 0.91 0.83 0.95 0. 77 .. 
Tc, ta 1 .teak Acids (r.ieq) 2.22 2.?0 2.37 2.09 

Bal' (s 9 )d 0. i6 0. 78 l.08 0.97 

Ball (a g) e 1. 30 1.01 1. 26 l . 1 i 

P,1 l ni ~ i c (~·~) 6. i £,. 2 7.2 

O'I-Lin-lin (m~) 11. 8 10.6 9.2 

Su·tiric (mg) 2.6 1. g 3.0 

Tc, ti 1 Fatty Free Acicls (mg) 21 . l 1 B. 7 19.4 

l r,d·~ 1 e (,g) 633 577 438 

Ska tole (. g) 387 308 350 

pH 4. 94 S.36 5.23 S.20 

Neophytadiene(s) 9. 1 8. S 

Cati,chol 5.5 5.5 

2 l 

-'- . -

~ 

92.5 

4. 1 B 

0.68 

1. 94 

6.£0 

1.35 

0.87 

2. 22 

0.90 

1. 19 

6. 7 

10.5 

2.S 

19. 7 

549 

348 

s. 18 

8.B 

5.5 



·------ - -- - - -----

I 

' > 
!, 

i i:: - ::; .. . . 
i ;c; 

..; - ~ ~ 

~ :;; ~ ~ 
,, . ::: "' .,.. .,.I = 
~ 

:-
i. .· I . 

"' - .. ;; is: ;::. -·- "' -- .... 
"~ c .. 
~~ .,.. 
_ ... \.: ;1 ~ ~ .. 
l !'( ;:; ~ .. ;; ~ $: :,: l!: ~ ~ ; 

"' "' .. "' "' ~ ~· .,,, 
" c-

c 

"' 
.. i ~ .. .f' l c < ~ ::, f ~; ~ l ., . ~ .i .. .. !!; 

4· :,; .t; .. ,, . 
e ~- -

c .. 
C.• T; " .. ... 
k -· 

. i i._,v, - .. 0 "'. 
""O ~ 

}:· 
~ " ~ :;; ~ :,; .. C· . ~ 

... ,, 
c -
"' ~: -· .... j - ~ . .. .,., ;:· 

"' 
...; -· .. ~: ~ ; " 

. . :::. 
~ 

..,., 
};'. M 

.. 
0 "' . 

0 :. 
~ 

.. 
v .... -~ ~ '"' ·( -· : c, '"! 

.... ..,. 
"" ,. ~- t ~ } "' l J; ~ •· ~ . :!: "' : . 

c ~ I 
~ 

< -· -'· "' 
.. . 

., I ... .. I -. 
~ "' .; .. 
0 I .. .., . - ~ 

J. u ' ·' ~ ~ ~ r 
0 

~ ~ iii 'i ;:; 0 .. -
! .,,: 

:,. .. .. .. 
.. . .., 

.,, " ... ·- 1 
. 

~ . 
~- .. j ~ .. ~ .. . . ... 

'i . .. . . . 
Fi ! .. 1 

.. :'!' :;/ .. .. 
t . i: ~~ :t ~ 

! 
. I 

.! ~ 
~!· 1 c ! l . 1 .. l ~ 

:! ~ • . . 
~ 1 . -jt ~ . i :. l .. • : 

!. 0 
. ~ ; 'iM ! ;~ 0 

:. 
. .;;. .;, ! e e 0 ;;:. 

22 

, 
-·· 



I 

]: t, 
;; ·~ 
- ~ 
"'" ..... , I...J 

i; g· . -' 
t.~ .... 

1.-' 0-

C) ..;• 

""' -· "' .,. .,, 
> ., 

~·· 0 
"> L 
::: u 

c!: < 

I 1! 

]I 
ii 
! ]! 

ii 
··1 
.. 
~ 

} 

··1 
.. 
.. 
Ji 

}I 

H 
.di 
• I 
'f I, 
i~j . ~ 
v~ 

: "'· ; ..; 

.,. ... 
:.i . 

:; 
;; 

'": :ii 
18 

..; 

:! < . 
s 

i 
..; 

. ..... . 
: 

:<: 
.; .. 

! 1 ! 

s 0 . 

:,, C> . " Ca ..... 
C• 

..... :;; ... 

.; - .; 

.. ... ~ :,; .,. .. "' 0 

Si ;; 
" 

:,,; $1 
C• .. .. .; 

;:; -: ., ;:; '"' . 
Si ; ~ 
0 ·- ~ 

.,. - - :;,; :.; 
,; -· .,.. -· 0 

"' •. '# C> 

C· -· ,lo •· 0 

! I 
! • ~ ! .. 

! . .:i 

I ~ ? 
] .:i i 

J g . t .. . : g "' 

:: .. ., 
"' 

'!: 
~ . "· '": 
0 -· .. !' !' "' :;; .,. 

;; ~· 
c, - ~ . ,. 

::3 :;; . Iii. .. !:: ... ;: ; .,. 
r, 

~ ::: ;. v '": ~ 
:,,; 

.:. .. 0 ..; ~ ... • .;. 

"' :s. 

~ ll ll ll ll ll :! :! :! :! 

::. ~ ;e - ·--. ..,; - ;: ~ .. ... 

J'.; . .. '&' 
.,. 

~ 
... 

.:. .; 0 .. ::= , .. ~ ~ ::. 

'!' 
,_ !; 

... 
..: .; 

:~ 
J ] ! 
:I. '? 

:I. 
j .. .. !!. 

- . . .. < ! 
' .: .~ . 

1 f -~ .. I t 
~ 

'? ~ .. .. 
! . 

;;,, . . ~ .. ~ 
-:' i . .. 
0 ..... ,. 

~ :;,, '§. 

2J 



I 

. 
j 

.. 

~ ~ ~ 
• i1 ~ I . 
lj ~ : : 

1 ~ 

---··. 



-- ------ -~----- -~----------~-------

iable 7. r'a1rwise Comparisons h1on9 
Corrtnon References Cigaret:es 

------·---· -- . ------·--·------- ---~~-·-----~-----·--

DJSE Lt VEL COHPARISOII CO'!Pt-R f so:1 

. (n19J_ - - C !GARETT[ _?Ell_!__!~~ C JG;R(Ht _g_Rj_~s ~~~:.CE* 

1?.5 Jill I II 1 A 1 IV 

25. 0 lRl I lrtl I I 
lRl I lRl II I 
1 RI I lAl IV 
1 RI II l~l l l I 
lRl II 1Rl IV 
HU I II 1 Rl IV 

so.a I ill 1 Rl II 

12. 5 SES I III SES I II I I I 
SE a l Ill SEil I II IV 
SEB I ill SEEi IV IV 
SES II I Ill SEc; Ill IV .-
StB III III SES IV IV 
SEB IrI IV SEB IV IV 

2:,. 0 SES I SE a I II 5! 

SEB I SEB I Ill 

ScB I SEB II II 5~ 

~::s I srn Ill Ill 
SES I I SES Ill IV 5~ 

SES I I SEB IV IV 
Sc.a II I I SES I II Ill 
s::s II II SEB III IV 
SEE: II II SES IV IV 
srn Ill III SES I II IV 
sea Ill !II SES IV IV 

50.::, SEB I I SES I II 1:; 

5£8 I I SES II II 
SEB I I SES IV IV 
SEB t II. SES II I I 1'.; 

SES I II SES I\' IV 1S 

SfB II II SEB IV IV 

---~- - -------·-· - -- ----- --- ---- ---
- -------·--- -. :1ot statistically 1ignificant unless nc, t ed otherwise. 

I 



Ta~le B. Sunnary of Results--Hajor FHtors of In:erest. 
Tumorigenicity of Experirr,ental Cigarettes 
Compared to Turaori9enicity c,f the Stanuard 
E~perimental Sltnds (SEB) 

---·---- -- ~-~------------- ----- -------------------·--------------
I L£SS lUHO;iIGE;IJC THA:I SUI 

RTS paper process 
Citrate paper 
Ste<'flS only 
PQt~ssium nitrate additive 
Philip Horris e,pnnded 
Fruzt·dried 
Lo" nicotine (pla11ts) 
ATS-A 
ATS-A (JO:), SEB (70~) 
Dilution filter 
Na9ne1ium nitrate additive 

Paper process. water e,tracted (10~ 
1t1Citives) 

Slurry process, I?~. water azeo:rope 
(13~ additives) 

Expanded ster.is (freon) 

Brig~t leaf, slurry process (15~ 
aooitives) 

I MO Rt TUHOR!GE:11 C THMI SES 

!i-.P_·_ 

I 
I 
J 
I 

II 
II 
II 
II 

III 
I I I 
Ill 

IV 

IV 

IV 

IV 

r ac_tor !:!'Ji_._ 

ATS- El ! I 

Cellt1lose acetate filttr Ill 

f•ern,anganate f 11 ter Ill 

Slurry procrss (no additives) IV 

Paper procen, extracted water (65:;), 
inorganic (25~). additive& 110;) IV 

Paper prnceB (nirntine same as SEB IV) IV 

2G 

£_o_~.L~be r { U 
1(-23 
3, 9 
1 3-1 5 
5 
49 
50 
51-59 . 
45, 47 
93, 95 
eg, 90, 95 
84, 86 

6 

18 

15 

36 

£_o~~-f'!ll_~b er[ s l 
63 

91 

92 

10 

27 

28 



I 

I 

7able 8, (:ant,) 

I T~IICIRIGE.'UCirY COIIPAAABLE iO SES 

£.~s~-~ 
Tobacco cut (fine, coarse) 

Phospt,He paper 

RTS slvrry process 

Hand sue kered 

Fatty alcohol suckered 

i<eyroo 1 ds puffed 

AT~/SEB mixes 

ll 

II 

JI 

II 
III 

Pa r•e,. .p,ros i ty I I I 

Sugar III 

Humrctant Ill 

Zinc o,ide add1tiv, III 

Powdered cocoa III 

Paper prc,cess, no additives IV 

Paper ,,mens, 100:: additives IV 

Slurry process 13::; additives IV 

t,panded stems so::;, SES Iv soi Iv 

Ecuna n111terial 3~. SEB IV 79: IV 

riicotin~ at 1.0 and 1. 5 mg/cig IV 

Burley leaf with full return of stem IV 

Burley leaf, slurry process, 15~ 
aooitive IV 

Burle;· HLC, slurry process, lSt aoditive IV 

Pestlcidt-frtt, pesticide-treated 
tobacco IV 

~p_de 'lumber(!l_ 

6-9 

4, 8 

14-23 

6(1 

61, 62 

48 

46, 47, 63, 64 
o. 01, 93, 95, 97, 99 

,. 
76- 78, 90 

80, 83 

81, 63 

es, 86 

82 

33 

09 

17 

08 

24 

23, 31 

26 

27 

21 

L8, M6 
- -- ·- - ---··-- ·-- ·-- ----·. 
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ACKNO,i~:DGEl-!HIT 
·-·-·--- --·------·-·-----··-----~---·--- -------· ----

The Tobacco llorkin9 Group wlS the principal •d•isory ~rouc to tnt Snt:>kir.; 
1ocj Health Prog'im during the course of the mousl' s<in painting operimtr,ts. 
The group was formed In 1968 under the chnirmansMp of Or. Cerl G. Saker, ... no 
>1H su"uded fn 1970 by Or. Gfo 8. G<;,rt. Or. Frtd G. Bock usumt~ the cnair-
"""shfp fn 1975 tnd Or. 1-ienry C. McGill In 1976. The Tobacco worlds; Grou, 
~,s officially disbanded fn 1977; 1 list c,f paH mer,,~ers follows: 

CHl G. 81ktr 
llfllfam II. Bates 
S,m P. Satt1sta 
Fred G. Sock 
l!oswtll K. Boutwell 
t:ans L. Falk 
1.1 frtd Ffshm1n 
Jun 0. Gf bb~ns 
Gfo e. Gori 
Mfchul II. Gu1rin 
Ian Nlggfns 
Olttrlch Hoffrr.1nn 
1. II. Mugi'!u 
Charlu J. Knnsler 
P•ul Kotfn 
Henry C. McG;ll, Jr. 
Girdner C. M-:M11 ltn 
!In A. Mitch1•ll 
Thomas B. Ow1·n 
Alan Rod~n 
lhberto s, Hiott f 
Marvin A, Sct,nefdtrman 
Robtrt B. Stlf;tn1n 
tr,fn; J. Stl1koff 
,1ur r1y Stnkus 
F•htlfppt Si'!ub1k 
1,. II. Spears 
.iesst L. Stt1nftld 
T. C. Tso 
BtnJam1n L. Yan Ouurtro 
Htl11>ut IIHtham 
Ernst L. 11.)'ndtr 

1~ea.10 
1~72-75 
1976-77 
1960-77 
1968-7 3 
196'1- 70 
1973-77 
l97G.75 
1969-77 
191<-74, 1976-77 
197(-77 
1973-75 
lS?Z-74, 1976-]7 
1968-76 
1968-69 
1973-n 
1969-77 
195a.10 
1972-1' 
1976-71 
1968-74 
1968-74 
l 976- 77 
1972-74 
1968-76 
19'4-75 
1968-77 
1968-69 
1968-77 
1968-74 
1968-76 
19!>8- 73 

Klr,y tnd1vtdu1h and 1nstftut1ons hav1• i:ooperlttd in thfs experiment, 
tht princfpal contributors being: 

Or. Gfo B. Gorf and Or. Tnorr11s 8. O,.t·r,, National Cancer lnstltuu, 
c,veull program dfrHtfon and manag,·mtnt 

Env1ro lontrol, Inc., Prlrnt Contractor for tht Smoking and Health Progr1:n 
Tht Tobacco llork1ng Group, sc1tntlfk and technical advice 
R. J. Reynolds Tobacco Cornp1ny, cfgu-Hte 1Mnuf1cturers 
North Carolin1 Stitt Un1vrrstty 



U11iversfty of ~ent:.icky 
U11iversity of Tennessee To~accc, Experi.,.,enul Station at :;reenvi: :e 
Unl,rrsity of Georgia To~acco E,peri~ental Station a: Tifton 
Schweitzer Division, Kifflbtrly-Clark Carporatfon 
ANF Incorporated 
Philip Morris, U.S.A. 
R. J. Reynolds Tobacco Company 
Fnc Corporat Ion 
In,perfll Chemical Industries 
C1l1nes1 Corporation 
o,. T. C. ho, Agricultural Research Service, U.S. ~epar::,,en: of 

Agriculture 
Or. A. R. Patel, Meloy L1bc.ratorles, Inc., condensate ~reparation 
Dr. H. R. Guerin, 01k ~:ldg<e National Laboratory, se,01<1 and candrr.sa:e 

analysis 
!'Ir. J. L. Garg~s. Hul1ton Laboratorles--rr.:>use ski11 paintin9 
Or. C. J. Lynch and "1r. W. W. Yu, Envfro Control, Inc., s:atis:i:al 

1n1lysts and data processing 

The Natfor,a1 Cancer lnstftvtt, Oep1rtment of Health, Edu"tion and 
.'elfare proviC:td overall fun~ln~ for this project. 
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