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The chlorinated hydrocarbon insecticide content of the Re- 
search and Reference cigarettes produced by the Tobacco and 
Health Research Institute, University of Kentucky, has been ex- 
amined. Total chlorinated insecticide residues onI the cigarettes 
manufactured in 1969 ranged from 12.5 to 64.3 ppm with the 
1Rl reference cigarette exhibiting the highest level. DDT-TDE 
residues accounted for >97% of the total content in this series. 
The remainder was composed of dieldrin and endrin residues. No 
endosulfan insecticide was detected. For the reference and re- 
search cigarettes manufactured in 1974, levels of chlorinated in- 
secticide residues ranged from 3.6 to 7.1 ppm. Again, DDT-TDE 
accounted for the majority (62 to 77%) of the residues, with the 
balance composed of endosulfan. Smoke condensate derived from 
the 1Rl cigarette under standard smoking conditions contained 
an average of 8.3 vg of DDT-TDE residues/cigarette. Approx- 
imately 9.2% of the p,p’-DDT was transferred intact to the main- 
stream smoke. 

INTRODUCTION 

Until recently one of the major obstacles in determin- 
ing the relationship of smoking to human health was the 
lack of a standardized cigarette. In 1969, the Tobacco 
and Health Research Institute embarked upon a pro- 
gram to produce for scientists in the tobacco and health 
area reference and research cigarettes for use in their 
investigations. The first reference cigarettes, coded lR1, 
were produced in June 1969 by a commercial tobacco 
company using tobacco contained in its inventory (2, 
14). The tobacco composition of these 85 mm cigarettes 
was designed to reflect the blend of an “average” do- 
mestic unfiltered cigarette. Production of the reference 
cigarette was repeated in March 1974, using recently 
produced tobacco and labeled 2Rl. In addition, two other 
types of reference cigarettes were produced, coded lR2 
and lR3, which consisted basically of the 2Rl blend plus 
a designated quantity of reconstituted tobacco. 

An “alkaloid series” of cigarettes, coded A, also was 
produced in 1969. These research cigarettes contained 
blends of low-nicotine burley and flue-cured tobaccos 
designed to deliver varying levels of nicotine to the 
mainstream smoke. Cigarettes coded 1Al and lA2 con- 
sisted entirely of experimental tobacco. The lA3 and 
lA4 cigarettes contained the commercial flue-cured to- 
bacco used in the 1Rl cigarettes, in addition to the low- 
nicotine burley strain. The 1Al alkaloid series cig- 
arettes were prepared again in 1974 and designated as 
2Al cigarettes. The reference and research cigarettes 
have been well characterized with respect to natural leaf 
components and mainstream smoke composition (4). 

The intent of the program was the production, by a 
fixed manufacturing process, of reference and research 
cigarettes containing standardized blends from known 

sources of tobacco. However, no consideration was given 
specifically to the pesticide content of these tobaccos. 
Probably, this would be a rather constant variable be- 
cause of the other commonalities attributed to the ex- 
perimental cigarettes. 

The rationale for using reference cigarettes was to 
relate specific biological responses to smoking and to 
attempt to correlate these responses with naturally oc- 
curring components of tobacco and or tobacco smoke. 
Should foreign toxicants such as pesticides exist on to- 
bacco and in the smoke, any adverse response attributed 
to smoking might actually be caused, at least in part, by 
the foreign material. Naturally, the identity of the toxic 
agent is vitally important in the production of a safe 
cigarette. There is no doubt that the feasibility of re- 
moving, or reducing to a safe level, pesticide residues 
from tobacco is much greater than accomplishing the 
same with natural components of tobacco. In addition, it 
is well known that certain xenobiotics added to cigarette 
tobacco prior to smoking have a significant effect upon 
the composition of the smoke phase (8). However, the 
influence of pesticide compounds on the composition of 
smoke has not been examined. 

It has been well documented that cigarettes and other 
tobacco products contain insecticide residues (10, 11). 
Most of these residues consist of the chlorinated insec- 
ticides, particularly DDT and more recently endosulfan. 
Moreover, appreciable quantities of these insecticide 
residues are transferred to the mainstream smoke (1, 5, 
15). These studies suggest that residues of the chlori- 
nated insecticides would be present on experimental cig- 
arettes and in mainstream smoke from them. The pres- 
ent study was conducted to determine the nature and 
levels of chlorinated insecticides in the reference and 
research cigarettes and in 1Rl smoke condensate. The 
actual health significance of these residues, if any, must 
await evaluations conducted with pesticide-free tobacco 
products. 

METHODS 

Cigarette Tobacco 
The research cigarettes lA1, lA2, lA3, lA4, lR1, lR2, 

2A1, and 2Rl were obtained from the cold storage facil- 
ities of the Tobacco and Health Research Institute, Uni- 
versity of Kentucky, Lexington, Kentucky. The tobacco 
from a single carton (200 cigarettes) was separated 
from the paper and thoroughly mixed. Three 10 g sub- 
samples were removed for analysis of the chlorinated 
hydrocarbons. 

Tobacco samples were submitted to Soxhlet extraction 
with 9:l chloroform: methanol (7). Cleanup of the ex- 
tracts for DDT-TDE, endrin, dieldrin, and endosulfan 
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Table I. Chlorinated Insecticide Residues in Reference and Alkaloid 
Series Cigarettes Available from the Tobacco and Health Research 

Institute 

PDm in ciaarettesa/vear Droduced and Institute code 

I PbP 

Insecticides IAl IA2 IA3 IA4 

DDT-TDE’r 
p,p’-DDT 
p.p’-TDE 
others* 
Total 
Endosulfan 
I 
II 
Sulfate 
Total 
Dieldrin 
Endrln 
Total 

3.3 4.7 12.7 16.4 18.0 2.4 1.0 1.4 
6.4 10.1 28.0 27.3 34.5 I.9 I .o I .2 
2.5 5.3 9.7 13.2 IO.7 I .2 

12.2 20. I 50.4 56.9 63.2 5.5 2:: 3:: 

: i : i 

0: i 0” 0” 
.2 .3 .a .3 
.I .3 .5 .2 

12.5 20.7 51.2 57.4 
+0.1 +0.7 Tl.9 k2.7 

IRI 

1974 

2RI 2AI IR2 IR3 

: 

0” 
.b 
.5 

54.3 
kO.4 

0 0 0 
.7 .b 

I:: I:: 1.5 1:; 
.2 .I .I 

0 0 .I 
7.1 4.3 4.9 

50. I +o. I 20.3 

1.5 

:t 
2.b 

0 
.4 
.4 
.B 
.I 

0 
3.5 

+o. I 

~Zero indicates residues of less than 0.05 fifm. Calmlations based OR 12% 
moisture. 

b  Includes p,p’-DDE; 0,~‘.DDT; o,p’-TDE; p,p’-TDEE. 

Table II. Transfer of DDT-TDE Residues from lR1 Reference Cigarettes 
into Mainstream Smoke 

Residue Tobacco (A]= Smoke (B)b 0/A 

p.p’-DDT 
p,p’-TDE 
p,p’-DDE 
p,p’-TDEE 
o,p’-DDT 
;&JDE 

13.0 
24.0 

:: 

::: 

,092 
.I0 
.2? 

5.3 
.I0 
.22 

Total 45.5 + 40 is f .59 .I9 

L Average weight of the smoked tobacco at 12% mowture was j,rq mg. 
b  Average weight of dried smoke condensate *ET cigarette WU(IS jr.3 mg. 

I analyses required an  activated florisil column using 6  %  
diethyl ether-hexane (200 mlj and  15% diethyl ether- 
hexane as eluents. A 2% deactivated florisil column 
eluted with hexane (200 ml) fol lowed by 30% methylene 
chlor ide-hexane (300 ml) was employed for sample 
c leanup prior to endosul fan II and  endosul fan sulfate 
analyses (11, 13). 

Resolution and quantitation of the insecticide residues 
were performed on  Varian Aerograph 1700 instruments 
equipped with tritium electron capture detectors. The 
analyses of DDT-TDE, endrin, dieldrin, and  endosul fan 
I residues were conducted on  a  180 cm x 2  mm glass 
column containing a  1.5% OV-17/29/o SP-2401 mixed 
liquid phase on  100/120 mesh chromosorb W  HP. Col- 
umn, injector and  detector temperatures were main- 
tained at 21O”C, 220”, 220” respectively. The nitrogen 
carrier gas flow was 44  ml/min. A 180 cm x 2  mm glass 
column packed with 5% OV-101 on  loo-120 mesh Gas 
Chrom Q  was used for endosul fan II and  endosul fan 
sulfate analyses. Instrument parameters were main- 
tained as descr ibed above.  

DDT-TDE residues were confirmed by co-chromatog- 
raphy on  an  OV-210 volumn and by alkaline dehydrochlo- 
rination (21) and oxidation to d ichlorobenzophenone 
isomers (20). Dieldrin, endrin and endosul fan residues 
were confirmed by co-chromatography on  OV-210 and 
DC-200 columns. In addition, the presence of dieldrin 
was confirmed by extraction p  values in two solvents 
systems (6). Recoveries of chlorinated hydrocarbons 
from fortified tobacco at the 0.5 and 1.5 ppm levels gen- 
erally exceeded 90  %. 

Smoke Condensate 
Two hundred and thirty-five 1Rl cigarettes, previous- 

ly condit ioned at 75°F and 60% relative humidity, were 
smoked to a  30  mm butt length under  standard condi- 

t ions (35 ml puff of 2-second duration at 60  second in- 
tervals) on  a  modif ied M. Borgwaldt apparatus (4). 
Whole mainstream smoke was collected in a  cold trap 
(12) and dried to yield 7.59 g  of smoke condensate.  The 
samples were frozen until analyzed. 

Approximately 200-400 mg of condensate,  correspond- 
ing to 6-12 cigarettes, was dissolved in 100 ml of warm 
chloroform and partit ioned once with 100 ml of 2% 
aqueous sodium chloride. The aqueous phase was sep- 
arated and washed twice with 50  ml of chloroform. The 
organic extracts were combined, dried with anhydrous 
sodium sulfate and concentrated to 4  ml. Sample c leanup 
and gas chromatographic analysis were conducted as 
descr ibed for cigarette tobacco. Residues identified as 
DDT-TDE components were confirmed by dehydrohalo- 
gen?t ion and oxidation as descr ibed above,  fol lowed by 
co-chromatography with dichlorobenzophenone. Because 
the SP 24Ol/OV-17 column was unable to separate trans- 
p,p’-dichlorosti lbene (DCS) and DDE, the quantitation 
of DCS was conducted on  a  180 cm column containing 
3% SE-30/chromosorb W  with the first 12  cm packed 
with 12% SE-30/chromosorb W  support.  Oven tem- 
perature was 187°C and nitrogen flow rate was 25  
ml/min. Control experiments designed to establish re- 
coveries of DDT, TDE and DCS in the analytical method 
were accompl ished by fortifying pesticide-free smoke 
condensate with the chlorinated hydrocarbons at the 30  
ppm level. Recoveries exceeded 95%. The smoke con- 
densate was obtained from cigarettes made from burley 
tobacco shown to be  essentially free of the insecticide 
(<.2 ppm). The stabilities of DDT and TDE in the 
analytical procedure were confirmed. 

The trans-p,p’-dichlorosti lbene was synthesized by the 
acid catalyzed dehydrat ion of 1,2-di-p-chlorophenyl-l- 
ethanol (19). Thus, 53  g  (0.2 M) of the crude alcohol 
was dissolved in 600 ml of dry benzene containing 3  g  
of p-toluene sulfonic acid. The reaction was refluxed un- 
til about  3.6 ml of water (0.2 M) had been collected by 
azotropic distillation. The solution was cooled, diluted 
with 100 ml of ethyl acetate, washed with 20% potas- 
sium carbonate and dried. Concentrat ion of the yellow 
solution to half volume led to the crystallization of 18  g  
of pure product (m.p. 176-178°C).  The reported melting 
point was 175-176°C (19). Further concentrat ion of the 
solution gave an  additional 26  g  of the dichlorosti lbene. 
The yield was 88%. 

RESULTS 

Results of the insecticide analyses of the research cig- 
arettes are summarized in Table I. The 1Rl cigarettes 
contained 64.3 ppm of total chlorinated insecticide of 
which greater than 98% were DDT-TDE residues ; the 
remainder ! <  2%) was composed of approximately 
equal  amounts of endrin and dieldrin. Total chlorinated 
insecticide residues on  the other 1969 samples ranged 
from 12.5 to 5’7.4 ppm, with > 97% being DDT-TDE. 
No endosul fan was detected in any of the 1969 research 
cigarettes. 

Total chlorinated residues on  the 2Rl cigarettes were 
7.1 ppm; 5.4 ppm (77%) was DDT-TDE, 1.4 ppm 
(20%) endosul fan and 0.2 ppm (3%) was dieldrin. No 
endrin was detected. Residue levels of these compounds 
on  other 1974 research cigarettes ranged from 3.6 to 4.9 
ppm and exhibited a  similar distribution of individual 
insecticides. 

Whole smoke condensate contained 18% of the same 
chlorinated insecticide residues contained in the burned 
portion of the lR1 cigarettes (Table II). Approximately 
9.2% and 10.0% of DDT and TDE residues, respec- 
tively, were transferred intact to the mainstream smoke. 
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An average of 3.2 and 0.3 micrograms of p,p’-TDEE 
(TDE-HCL) and DCS respectively were found in the 
smoke condensate from one 1Rl cigarette. Trace 
amounts of p,p’-dichlorobenzophenone were also de- 
tected. 

DISCUSSIDN 

The 1Rl and 2Rl cigarettes were produced from the 
tobacco inventories of the manufacturer. Consequently, 
the level and distribution of residual insecticides on 
these samples were expected to reflect those of the com- 
mercial cigarettes made during the same periods. The 
ban on the use of DDT-TDE on tobacco was initiated 
in late 1969 and early 1970. But, tobacco is normally 
stored for at least two years before manufacture into 
smoking materials; and a general decrease in levels of 
these insecticides on commercial cigarettes was not ex- 
pected until 1972. The average DDT-TDE contents of 
cigarettes purchased from 1966 to 1971 was 40 ppm, 
with an exhibited range of 20 to 56 ppm depending on 
brand (10, 11). In 1972, the level had decreased to 27 
ppm and in 1974, to 7.8 ppm (22). Before 1971, DDT- 
TDE residues constituted more than 98% of the total 
chlorinated insecticides found on cigarettes. Since then, 
this value has gradually declined to 88% with endosul- 
fan constituting most of the remaining residues. Sim- 
ilar trends were found for the 1Rl and 2Rl reference 
cigarettes. 

The relatively low level of residual insecticide found 
on 1Al and lA2 research cigarettes produced in 1969 
likely resulted from the carefully controlled conditions 
under which the special strains of the flue-cured and 
burley tobaccos were grown (14). On the other hand, the 
source of the higher residue levels of DDT-TDE found 
on the lA3 and lA4 cigarettes (49.7 and 56.1 ppm, re- 
spectively) was probably the flue-cured tobacco which 
was produced using standard agricultural practices. 

Residues of endosulfan were not detected on cig- 
arettes purchased before 1971. However, these residues 
averaged 0.2 ppm in 1971 (lo), 0.4 ppm in 1972 and 0.8 
to 1.0 ppm from 1973 to 1975 (11, 22). Depending on 
brand, the insecticide comprised 6 to 20% of the total 
chlorinated insecticide residues in 1973 and 5 to 135 
of those on cigarettes in 1974. This presumably reflects 
its position as a DDT substitute. Endosulfan was not 
detected in 1969 research cigarettes. However, this com- 
pound was found on all 1974 research cigarettes and 
constituted 20 to 38% of the chlorinated residues. Diel- 
drin levels of 0.1 and 0.2 ppm in 1974 research cigarettes 
are similar to the amounts detected in 1973 and 1974 
commercial cigarettes (22). Thus, the chlorinated in- 
secticide content of the reference and research cig- 
arettes closely reflects the levels and trends of these in- 
secticides on commercial cigarettes. 

The transfer of DDT-TDE residues to mainstream 
smoke has been the subject of several investigations. 
Generally, 12 to 18% of the p,p’-DDT and p,p’-TDE 
residues on cigarettes are transferred intact to the 
mainstream smoke (1, 5, 15, 16). In addition, p,p’-TDEE 
has been found at levels amounting to 13 to 46% of the 
identified chlorinated hydrocarbon residues in smoke 
condensate. While a portion of the p,p’-TDEE in the 
smoke condensate probably comes from the transfer of 
intact compound, dehydrochlorination of p,p’-TDE dur- 
ing the smoking process is likely the major pathway for 
its formation (9). Previously, it has been observed that 
18% of the p,p’-TDE present on the burned tobacco was 
transferred intact to the smoke phase (5, 15). However, 
it should be noted that the benzene soxhlet (15) and 
hexane (5) extraction techniques used by these authors 

were less efficient than the chloroform-methanol method 
in removing total DDT-TDE residues from tobacco 
(21). Correcting the cigarette residue data of Hoffmann 
and Rathkamp (15) for the increased efficiency of the 
chloroform-methanol extraction, the corrected percent- 
age transfer of the intact p,p’-TDE and p,p’-DDT to the 
mainstream smoke is 9.0% and 13.7%, respectively, in 
close agreement with our results. 

Other DDT-TDE pyrolysis products detected in the 
smoke condensate included trans-p,p’-dichlorostilbene 
and p,p’-dichlorobenzophenone. Both compounds have 
been produced during pyrolyses of DDT (9), while the 
former had been observed in the pyrolyzate of TDE (16) 
and in the smoke condensate of commercial cigarettes 
(15). Dieldrin and endrin residues were not detected in 
the smoke condensate. 

The carcinogenic activity of p,p’-DDT, p,p’-TDE, p,p’- 
TDEE, o,p’-DDT, o,p’-TDE, and trans-p,p’-dichlostil- 
bene has been summarized (17). With the possible ex- 
ception of the latter two compounds, these substances 
are noncarcinogens. o,p’-TDE may possess a tumor in- 
itiating ability (18) while dichlorostilbene may be a 
tumor accelerator (17). 

From this study, as well as others, it may be assumed 
that 15 to 3070 of the DDT-TDE residues present on the 
tobacco will be carried over to the mainstream smoke. 
Accordingly, the chlorinated hydrocarbon content of 
smoke condensate from cigarettes made in 1974 will be 
significantly lower than those from the cigarettes manu- 
factured in 1969. 

In view of the lack of information concerning the 
possible effects of pesticide residues upon biological 
activity of smoke condensate, this variable content of 
chlorinated hydrocarbons should be kept in mind when 
evaluating the effects of various smoke condensates. 
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