
Technical grade malathion had a slight 
effect a t  100 p.p.rn. on both plasma and 
red cell cholinesterase, whereas, a puri- 
fied sample \vas reported to have pro- 
duced no significant inhibition when fed 
at the same dietary concentration. 

Pertinent to the:;e findings, Plapp and 
Casida (20) have postulated a metabolic 
pathway for ronnel in mammals. Two 
primary sites of hydrolytic attack tvere 
reported. Part of the molecule is be- 
lieired to split with the formation of di- 
methylphosphorothioic acid? but to a 
greater extent the phosphorus-oxygen- 
methyl linkage is hydrolyzed: yielding 
stable 0-me thyl- 0- hydrogen- 0-( 2.4.5-tri- 
chlorophenyl) phosphorothioate. These 
primary metabo1itc:s are rxcreted rapidly 
by the rat via urine. The metabolic 
pathway in a cow is believed similar to 
that postulated for rats, but with a sloiver 
rate of detoxication and excretion. 
This pattern of mrtabolism indicates no 
appreciable conversion o* ronnel, in 
vivo: to the oxygen analog as i t  is com- 
monly associated with certain other 
organic phosphate insecticides. 

Experience in the therapeutic use of 
ronnel on cattle for grub control and the 
work on metabolism of Plapp and Casida 
(20) indicate thai: ronnel is abiorbed 
rapidly into the blood stream upon oral 
administration and that its degradation 
products are readily excreted. \\:hen 
used as directed. no residue of ronnel 
remains in the tisues of cattle at the 
time of slaughter. 

Ronnel does not present any unusual 
handling hazards i-n its manufacture and 
field use. Results: of these studies in- 
dicate no public health hazard arising 
from ronnel as recommended for use in 

cattle grub control or as recommended 
for any other application. 
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usually applied more frequently and 
closer, in time, to the harvesting opera- 
tion (priming) than other pesticides and, 
therefore constitute a greater potential 
hazard. In  order to undertake a study 
of the residues of TDE and endrin. 
sampling procedures and analytical 
methods for the specific chemicals had to 
be evaluated, modified, and adapted to 
tobacco materials. 

With the advent of organic insec- 
ticides into tobacco culture some residue 
studies (8, 76, 28) were made. The 

sodium reduction method ( 4 ,  24) for 
total organic chlorine was used. The  
values reported were inconsistent. the 
blanks were high and erratic, and the 
analytical sensitivity was poor. Total 
organic chlorine methods ( 7 ,  78) are 
now available for establishing the max- 
imum amount of chlorinated insec- 
ticides that exist on tobacco. More 
specific colorimetric methods with 
greater sensitivity would be very valu- 
able for providing information as to the 
possible extent of dissipation and deg- 
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Information has been lacking on the magnitude and fate of insecticide residues on tobacco. 
TDE and endrin residues on green tobacco during priming time are above 50 and 10 
p.p.m., respectively. These residues are dissipated about 45% during processing. 
Auction market tobacco contains approximately 37 p.p.m. of TDE and 1.8 p.p.m. of endrin. 
An average of 13 y of TDE and 0.2 y of endrin are found per commercial cigarette. 
TDE and dehydrochlorinated TOE have been measured in the mainstream smoke of com- 
mercial cigarettes at 1.6 and 1.4 y per “smoked cigarette.” This information suggests that 
further education is needed on the application of these insecticides to minimize the residues. 
Studies on newer insecticides should be made with a view toward producing flue-cured 
tobacco which will yield insecticide-free cigarette smoke. 

radation of the parent insecticides 
during tobacco processing and smoking. 

PERSISTENCE OF TDE AND ENDRIN 
RESIDUES ON GREEN, FLUE-CURED, 

AND AGED TOBACCOS 

Materials and Methods 

Reagents. The reagents used in the 
modified Schechter-Haller method (9, 
26) for DDT, the dechlorination-sul- 
fanilic acid-phenyl azide method (5) for 
endrin, and the horizontal quartz tube 
com bu s t i o n- p o t en t i o me t r i c t i tration 
method for total organic chlorine ( 7 ,  78) 
were used. The following additional 
reagents were needed: 

Purified n-pentane. Purify by dis- 
tilling commercial grade n-pentane over 
sodium metal in an all-glass apparatus, 
discarding a 5% forecut and 15% bot- 
toms. 

Acetone, reagent grade. ACS 
Dry ice. 
Hyflo Super Cel, Johns-Manville Co. 
Magnesium oxide, Fisher Sea-sorb 

43. Fisher Scientific Co. 
Attaclay, Attapulgus Minerals and 

Chemical Corp. 
Aluminum oxide, Baker & Adamson 

No. 1236. Allied Chemicals & Dye Corp. 
Silicic acid, Baker & Adamson No. 

1169. Allied Chemicals & Dye Corp. 
Apparatus. The apparatus described 

in  the modified Schechter-Haller method 
for DDT (9.  26). the dechlorination- 
sulfanilic acid-phenyl azide method for 
endrin (5), and the horizontal quartz 
tube combustion-potentiometric titra- 
tion method for total organic chlorine 
(7, 78) were used. The following addi- 
tional apparatus was needed : 

Dry ice bath. 
Buchner funnels, glass. medium po- 

rosity, S T  19 ’38 bottom male joint, 
vacuum take-off, 30-ml. capacitv. 

Test tubes, 25 X 200 mm., S T  19/38 
top female joint. 

Chromatographic columns, 18 mm. 
inside diameter X 350 mm.. S T  19/38 
bottom male joint, vacuum take-off. 

Field Sampling and Subsampling. 

Fifty or more leaves of green and flue- 
cured tobacco, 50-leaf samples of flue- 
cured tobacco from commercial auction 
markets, and 5-pack samples of com- 
mercial cigarettes were taken for anal- 
ysis. The leaf samples were reduced 
in particle size using a Hobart cutter, 
and laboratory subsamples of 300 grams 
for green tobacco and 200 grams for 
cured tobacco were taken. The analyt- 
ical samples from cigarettes consisted of 
the tobacco removed from 100 cigarettes, 
and it weighed from 73 to 128 grams. 

Extraction. The laboratory sub- 
samples were tumble-extracted end- 
over-end at 50 r.p.m. for 60 minutes 
with n-hexane at  3 to 1 (ml. per gram) 
ratio for green tobacco and at  a 10 to 1 
ratio for the cured and cigarette tobacco. 
The extracts were filtered and concen- 
trated (in Danish-Kuderna concentra- 
tors fitted with water-cooled Friedrichs 
condenser heads) on an 85’ C. water 
bath, to approximately 10 ml. The 
concentrated extracts were transferred 
to screw-capped vials and stored, a t  
-20’ C., until analyzed. 

Cleanup. “DEWAXING.” At the time 
of analysis, the extracts were removed 
from cold storage and allowed to warm 
up to 25” C., transferred to 100-ml. 
volumetric flasks, and made up to volume 
with n-hexane. A4nalytical aliquots, 
equivalent to 100 grams of green tobacco 
and to 25 grams of cured and cigarette 
tobacco, were pipetted into test tubes. 
The tubes were placed in a 60” C. water 
bath under a filtered air manifold and 
evaporated to near dryness. The res- 
idues were taken up in a minimum of 
hot acetone. The tubes and a supply 
of wash acetone were then chilled in a 
dry ice-acetone bath. at -75’ C., for 
30 minutes. The cold acetone-insolu- 
bles precipitated out while the TDE and 
endrin residue components remained 
in solution, and the insolubles were 
filtered off through 1 gram of Hyflo 
Super Cel using medium porosity sin- 
tered glass Buchner funnels. The acetone 
filtrates were placed in a 45’ C. water 
bath under a filtered air manifold and 
evaporated to near dryness. The con- 
centrates were taken up in 10 ml. of 
n-hexane, and the evaporation was re- 
peated twice to remove the last traces 

of acetone. For endrin analyses of cured 
and cigarette tobacco, an additional 
dewaxing utilizing cold n-pentane was 
necessary. The “wax-free” samples were 
then ready for subsequent adsorption 
column chromatography. 

CHROMATOGRAPHY. Tobacco samples 
that were to be analyzed for TDE and 
endrin by means of their total organic 
chlorine content were chromatographed 
on Shell (22) columns using adsorbent 
beds of 200 mm. of Attaclay mixture 
(Attaclay and Hyflo Super Cel. 2 to 1, 
w. ’w.) and magnesia mixture (Fisher 
Sea-sorb 43 and Hyflo Super Cel, 2 to 1, 
w. ’%.) respectively. TDE was eluted 
from the Attaclay column with 150 ml. 
of n-hexane, and the endrin was eluted 
from the magnesia column with 500 ml. 
of n-hexane. 

Tobacco samples that were to be 
analyzed for their TDE content by the 
colorimetric method of Schechter-Haller 
were chromatographed on glass columns 
350 mm. long and with 18 mm. in inside 
diameter, packed with three zones of 
adsorbent material. The loiter zone was 
150 mm. of silicic acid mixture (silicic 
acid and Hvflo Super Cel, 4 to 1. w. w.). 
The middle zone was 75 mm. of Atta- 
clay mixture. The upper zone consisted 
of 75 mm. of aluminum oxide. The  
columns were packed dry under 5 
pounds of vacuum with gentle tamping 
and prewashed with 100 ml. of n-hexane. 
The samples were added. and the TDE 
was eluted from the column uith 150 ml. 
of n-hexane at a flow rate of approxi- 
mately 2 ml. per minute. 

The tobacco samples that were to be 
analyzed for their endrin content by 
colorimetric dechlorination-sulfanilic 
acid-phenyl azide method were chro- 
matographed on Shell columns packed 
with two zones of adsorbent material. 
The lower zone was 250 mm. of Florisil 
(200-mesh, or up, activation tempera- 
ture 1200’ F.). The upper zone was 
125 mm. of magnesia mixture. The 
columns were packed dry under 5 
pounds of vacuum with gentle tamping 
and prewashed with 100 ml. of n-hexane. 
The samples were added and eluted 
from the column with n-hexane using the 
procedure set forth by Bann et  al .  ( 5 ) .  
The final analytical sample for cigarette 
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tobacco consisted of the pooled eluates 
from four 25-gram chromatographed 
samples. 

Eluates from all columns were col- 
lected and concentrated to approxi- 
mately 10 ml. in Danish-Kuderna con- 
centrators. The "clean" extracts were 
then ready for analysis. 

Analysis. Samples were analyzed 
for total organic chlorine utilizing a Shell- 
Braun horizontal quartz tube combustion 
furnace in conjunction with a Beckman 
Model K automatic titrator. The com- 
bustion procedure followed the method 
described by Agaiczi et  al. (7. 3 ) ,  and the 
titration procedure used was that of 
Ewart and cowork.ers ( 10). 

Samples were analyzed for TDE and 
endrin residues )utilizing the modified 
Schechter-Haller method (9? 26) and 
the procedure of Bann, Lau, and Potter 

Persistence of TDE and Endrin 
Residues on Green Tobacco. The 
1954 tests were made to study the per- 
sistence of TDE and endrin sprays and 
dusts applied for hornworm control, 
and to study sampling procedures for 
TDE and endrin residues. T D E  and 
endrin sprays and dusts were applied 
on 0.20-acre plots which were replicated 
three times. Six untreated guard rows 
separated each plot. The sprays were 
applied lsith a Hahn high-clearance 
sprayer equipped'with Tee Jet, hollow 
cone nozzles adjusted to deliver 25 to 
40 gallons of solution per acre, depend- 
ing upon the size of the plants. The  
dusts were applied with a Hudson rotary 
hand duster delivering 20 to 40 pounds 
of dust per acre. Total organic chlorine 
analyses were made from samples taken 
from the second. fourth, and sixth 
priming (harvest). One leaf from each 
of 10 plants per plot was sampled 1 to 2 
and 5 to 7 days after treatment for all 
three primings. In  the second priming, 
analysis was also made of the leaves 
sampled 15 days after treatment. Only 
the laminae of the leaves were analyzed, 
and the results are reported on a dry 
basis. 

The 1956 tests were made to study the 
effect of plant growth on the persistence 
of TDE and endrin residues. TDE and 
endrin were applied to green tobacco 
just prior to buti:oning (early stages of 
inflorescence) with a high clearance 
sprayer a t  the rate of 1.0 and 0.4 pound 
of active ingredient per acre, respectively. 
Seven hollow cone nozzles per row, 
delivering 40 gallons per acre directed 
the spray on the tobacco in such a way 
that the entire plant was thoroughly 
covered. Leaves that were full-grown, 
but not necessarily ripe, half-grown or 
quarter-grown at  the time of application 
were marked. Each leaf category was 
primed at  intervals ranging from 0 to 21 
days after treatment. Fifty-leaf samples 
were taken from the full-grown leaves, 7 0  
from the half-grown leaves, and 100 from 

(5). 

the quarter-grown leaves. All analyses 
were made on the uncured leaves, using 
colorimetric methods. In addition to the 
chemical analyses. the leaves were also 
subjected to bioassay tests using tobacco 
hornworms as the indicator. Five, 
one-quarter leaf sections from the desired 
treatment were cut out and placed in 
pint ice cream cartons. Five third- 
or fourth-instar hornworms collected 
from untreated tobacco were placed 
in each carton, and five cartons were 
used for each test. Thus 25 larvae were 
used per treatment. except with the 
tests made 17 days after application. 
In this case the field populations of larvae 
were low, and only 15 larvae were used 
in the quarter-grown leaf treatments and 
12 larvae in the half-grown treatments. 
Mortality was recorded after 7 2  hours. 

Persistence of TDE and Endrin 
Residues on Processed Tobacco. These 
tests were made in 1955 to determine 
the persistence of T D E  and endrin 
residues during the various grower and 
manufacturing operations. Seven appli- 
cations of TDE and endrin at 1 .O and 0.4 
pound of active ingredient per acre were 
applied over a 3-week period to 0.5- 
acre unreplicated plots with a high 
clearance sprayer delivering 40 gallons 
of solution per acre. The number of 
applications intentionally exceeded nor- 
mal recommendations for several rea- 
sons. I t  seemed desirable to ensure a 
high residue so that dissipation might be 
followed easily; and as this tobacco was 
to be used in the initial tests to trace 
TDE and endrin degradations, during 
the cigarette smoking process it was felt 
that high residues would facilitate such 
studies. 

At the time of priming, which was 
immediately after the seventh applica- 
tion, 200 green leaves jvere randomly 
sampled, extracted. and analyzed by 
colorimetric methods. The remainder 
of the harvest was barn flue-cured (dur- 
ing which the temperature was slowly 
elevated to 160 to 170" F. over a period 
of several days). At the end of the cur- 
ing, 200-leaf samples were again with- 
drawn from each treatment and prepared 
for analysis. In addition, 20-pound sam- 
ples of the remaining tobacco in each 
treatment were delivered to each of two 
tobacco companies for commercial 
processing. After the leaf samples had 
been redried, and stripped or shredded, 
5-pound subsamples were reclaimed for 
analysis. The remaining 15 pounds of 
each treatment were subjected to com- 
mercial aging in hogsheads. The treat- 
ments were separated from each other 
and from the other tobacco in the hogs- 
heads by means of polyethylene sheets. 
At the end of the first year and again 
after 2 years of aging, 5-pound samples 
of each treatment were analyzed. After 
2 years of aging the final 5 pounds of 
aged tobacco were made into cigarettes. 

Results and Discussions 

Sampling. At the outset of the per- 
sistence studies a sampling study was 
conducted to determine the T D E  and 
endrin residue load on green tobacco as 
related to insecticides, times and rates of 
application, leaf position (hence, expo- 
sure), and over-all sampling error. Leaf 
samples consisting of 10 upper and 10 
lower leaves were taken at  random from 
each of the three replications, 1 day and 7 
days after each of three applications. 
Duplicate field samples were taken for 
several of the treatments. Each 10-leaf 
sample was extracted separately. Ex- 
tracts from samples taken 7 days after 
treatment were combined, and the com- 
bined 30-leaf sample extracts were 
analyzed. The entire sampling study 
consisted of 182 separate analyses. 
Statistical analysis of the data showed 
that: separate analysis of each applica- 
tion plus a combined analysis indicated 
that significant differences between ma- 
terials, between leaf position, and be- 
tween applications occurred throughout. 
The effects of the materials and the 
positions were in turn affected by the 
application date-the effects were not 
the same from date to date. The statis- 
tical analysis was computed on the log- 
arithms of the concentration, in parts 
per million, assuming that the errors 
would be proportional to the response 
rather than constant regardless of the 
amount being measured. The sampling 
errors? in parts per million. were com- 
puted as percentage of the response 
rather than as constants. The basic 
sampling error per 10-leaf sample meas- 
ured from true duplicates averaged 
over several materials, positions, and 
replications was 46%. Based on the 10- 
leaf sample the sampling error to be 
expected for the composite 30-leaf sam- 
ple would be 24%,, The observed 
sampling error was 22%. This agree- 
ment was good enough to permit the 
prediction of the sample sizes which 
would be required for any desired de- 
gree of precision. The sampling error 
appeared to increase with the increase 
in time from application to sampling. 
This effect \vas related to the added 
effect of climate and other factors on 
the distribution of the residue and in- 
dicated that the problem of obtaining 
an  accurate estimate increases if a period 
of time had elapsed from the application 
date. This time effect was: however, 
in part compensated by the decrease in 
residue over time; hence. the actual 
sampling error in parts per million re- 
mained appreciably small when only 
small amounts of residue persisted. 

This sampling study shows that in 
order to work at  an acceptable error 
range of 15 to 2070, composite samFles 
consisting of approximately 50 individual 
tobacco leaves would be required. Thus, 
in subsequent tests: samples consisted 
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Table 1. Recoveries"~b~c of TDE and Endrin from Untreated Green and Cured Tobaccos and Cigarettes 
TDE 

Tofal Chloride Mefhod Colorimetric Mefhod 
Added, Found, Recovery, Added, Found, Recovery, 

Sample Type p .p .m.  p .p .m.  % p.p.m. p.p.m. % 
Green tobacco 3 . 0  2 . 7  92 0 . 1  0 . 0 9  91 

30.0 2 7 . 0  90 1 . 0  0 . 9 4  94 
300.0 282 .0  94 10 .0  9 . 0 0  90 

Cured tobacco 3 . 0  2 . 5  85 0 . 2  0 17  87 .~ . . -  _ .  ~~ 

30 .0  2 6 . 4  88 2 . 0  1 . 7 0  85 
300.0 258.0 86 2 0 . 0  17.60 88 

Ciqarette tobacco 3 . 0  2 . 4  82 0 . 2  0 . 1 6  84 
30 .0  24 .9  83 2 . 0  1 . 6 0  80 

300.0 240.0  80 20.0 16.60 83 
Q TDE and endrin added prior to extraction. 

Values shown are means of three determinations. 
Values corrected for apparent toxicant value in untreated check 

Endrin 
Tofal Chloride Method Calorimefric Method 

Added, Found, Recovery, Added, Found, Recovery, 

2 . 0  1 .8  91 0 . 1  0 . 0 8  89 
2 0 . 0  19 .0  95 1 . 0  0 . 9 2  92 

p . p . m .  p . p . m .  % p.p.m.  p.p.m. % 

200 0 186 0 93 10 0 9 40 94 
2 0  1 7 86 0 3 0 25 85 

20 0 17 0 85 3 0 2 58 86 
200.0 176.0 88 3 0 . 0  25.50 85 

2 . 0  1 .6  83 0 . 3  0 . 2 4  81 
2 0 . 0  16.2 81 3 .0  2 .40  82 

200 .0  168.0 84 3 0 . 0  25 .20  84 

of at least 50 leaves taken at random 
from experimental plots, curing barns, 
and auction markets. Commercial cig- 
arette tobacco. being a highly random- 
ized entity itself. imposed no limita- 
tions on sampling procedures, therefore. 
100 cigarettes were arbitrarily taken as 
an adequate sample. 

Extraction. The operational effi- 
ciency in extracting T D E  and endrin 
from different tobacco types was estab- 
lished by fortification of untrezted 
samples prior to solvent equilibration 
and the recoveries are indicated with 
other procedural efficiencies in Tables 
I and 11. The dangers of using such a 
localized addition procedure for study- 
ing extraction efficiency have been 
pointed out by Gunther (73), and are 
emphasized in the authors' studies of 
the TDE content of cured tobacco z's. 
cigarette tobacco. Early workers (77, 
28) with tobacco were unable to get any 
significant correlation bet\veen the TDE 
residue load found on treated tobacco 
after curing and on similar tobacco 
after it had been processed into ciga- 
rettes. They invariably found a much 
higher residue load on the cigarette 
tobacco. Data on the TDE residue load 
on cured tobacco taken from experi- 
mental plots intentionally treated \vith 
a high dosage level and the TDE level 
found on cigarette tobacco processed 
from this same cured tobacco revealed 
an apparent rise of 109y0 in TDE level 
from the cured tobacco to the cigarette 
tobacco. The only difference betrseen 
the cured tobacco (whcle or partially 
broken leaves) and the cigarette to- 
bacco (shredded) was one of physical 
consistency. Therefore, this 109% in- 
crease suggested a TDE-tobacco "ivax" 
absorption picture similar to that oc- 
curring with other organic insecticides 
and waxy or oil-containing plant sur- 
faces. Carman ( 7 )  brought this out in 
his treatment of subsurface residues on 
apples and citrus. 

A much more complete extraction of 
the TDE residue occurred \then the 
leaf tissue was cut up (as in the case of 
the cigarette tobacco), thus exposing the 
subsurface tissue to the solvent action of 

Table I I .  Procedural Efficiences"#* for the Determination of TDE and Endrin 
on Green and Cured Tobaccos and in Cigarettes 

TDE, Sfondard Deviafion, P.P.M. Endrin, Sfondord Deviofion, P.P.M 
Total Total 

Sample Sample chloride Colorimetric chloride Colorimefric 
Type Size, G. method method method method 

Green tobacco 100 0 . 2 1  0.01 0.17 0.02 
Cured tobacco 25 0 . 8 5  0 . 0 4  0 . 6 8  0.08 
Cigarettes 25 0 . 8 5  0 . 0 4  0.68 0 . 0 8  

' 1  Toxicant added after extraction. 
A l l  dewaxing and chromatographic procedures were found to be 100% efficient within 

the standard deviation of the  method for the sample type. 

the n-hexane. as compared to the slight 
breaking of the leaf tissue when the cured 
tobacco was tumble-extracted for reg- 
ular surface extraction. T o  explore 
this point further. additional replicates 
of the cured whole leaf tobacco were 
secured from the experimental material. 
From this, a first subsample was sub- 
jected to gentle laving with a stream of 
n-hexane. This wash \vas collected and 
designated zs the surface extract. The 
same tobacco sample was then cut u p  in a 
Hobart cutter to a consistency similar 
to that of cigarette tobacco, and then 
tumble-extracted with n-hexane for 60 
minutes and designated as the subsur- 
face extract. A second subsample was 
subjected to the usual 60-minute tumble- 
extraction with no more than the usual 
amount of leaf breakage. and the extract 
from this sample was designated as the 
normal extract. A third subsample was 
also cut up  in the Hobart cutter Xvithout 
any previous surface laving. and then 
tumble-extracted for 60 minutes and 
designated the total extract. 

The  results of the analysis of these sub- 
sample extracts indicated that the residue 
level in the total extract of the. cured 
tobacco was in close agreement with the 
value previously found for the cigarette 
tobacco. '41~0, the normal extract value 
was in excellent agreement with the 
value previously obtained for cured 
tobacco. Finally, the surface extract 
value and the subsurface extract value 
added up to the same amount as that 
found in the total extract. This in- 
dicated that TDE and endrin residues 

(confirmed by similar tests) on cured 
tobacco are both surface and subsurface 
in nature: being absorbed by the waxy 
materials on the surface of the leaf. and 
that maceration of the leaf tissue is nec- 
essary to approach satisfactory solvent 
equilibration. 

Cleanup. n-Hexane extracts of cured 
and cigarette tobacco carry a high level 
of wax \vhich was not apparent in the 
green leaf samples. This \sax seriously 
interfered in total organic chlorine and 
colorimetric analyses causing creeping 
of the sample in the quartz tube com- 
bus,ion procedure, high blanks in silver 
nitrare titration, as well as high blanks 
and off-colors in colorimetric determina- 
tions. This waxy residue resisted efforts 
to isolate it from TDE and endrin by 
means of oxidation, saponification, steam 
distillation, and solvent partition. The 
procedure finally adopted \vas based on 
the ivork of Fairing et  ai. with meth- 
oxychlor residues (71 )  and consisted of 
the precipitation of the waxes from cold 
acetone and cold pentane (-75' C.) 
\sith separation from the TDE and en- 
drin by filtration, as previously described. 

Because the chromatographic elution 
patterns \sere seriously affected by vary- 
ing amounts of wax in extracts. the use 
of analytical samples of a definitive 
size Xvith their wax content eliminated 
or reduced to a somewhat standard 
level \vas imperative. Attaclay columns 
\sere found adequate for pigment re- 
moval from n-hexane extracts of green 
tobacco when their TDE content was 
determined by the combustion chlorine 
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Table 111. Background levels of Apparent TDE and Endrin in Purified 
Extracts of Untreated Tobaccos 

Sample 
Sample Type Size, G. 

Green tobacco 100 
Cured tobacco 25 
Cigarettes 25 
Pooled “clean” eluates 

Cured 100 
Cigarettes 100 

Average Background, P .P.M.  
Apparenf TDE Apparenf Endrin 

chloride Colorimefric chloride Colorimetric 
method mefhod method mefhod 

2 .2  0.05 1 . 7  0.05 
7 . 0  0.20 5 . 4  0.28 
7 . 0  0.20 5 .4  0.28 

. . .  . . .  . . .  0.07 

. . .  . . .  . . .  0.07 

rotoi Total 

Table IV. of TDE and Endrin on Green Tobacco 
Days offer Treafmenf 

2 n d  Priming 4th  Priming 6 t h  Priming 

Treotmenf lb .  / A c r e  7 5 15 7 7 2 7 
TDE, spray 1 . o  460 69 25 196 89 68 52 

Dust :I . 0 2667 277 86 167 82 582 149 
Endrin, spray 0 . 2  58 11 4 42 7 27 5 - ,  

0 . 4 91 18 6 27 9 29 13 
Dust 0 . 4 316 33 31 10 114 6 

* Total organic chlorine method. 
P.p.m. reported on a dry-stemless basis. 

procedure. However: changes Tvhich 
occur in the constituents of leaves as they 
are cured and subsequently processed 
into cigarettes necessitated the use of 
combinations of adsorbents to give 
color-free eluates without loss of in- 
secticide. 

After experimentation with numerous 
materials and variations in column 
lengths, a column satisfactory for use in 
the colorimetric determination of TDE 
residues on green, cured, and cigarette 
tobacco was developed. This was a 
three-zone column of alumina. Atta- 
clay mixture? and silicic acid mixture. 
Such a column ]proved to retain the 
pigments from n-hexane extracts equiva- 
lent to 100 grams of green tobacco, and 
to 25 grams of cured and cigarette 
tobacco, while permitting the elution of 
up to at least 20,000 y of TDE from 
the column with n-hexane \vith an 
efficiency of lOO’j&. 

During early studies of endrin residues 
on green tobacco. prior to the introduc- 
tion of the specific photometric method 
for the endrin molecule by the Shell 
Development Co. ( 2 ) :  many adsorbents 
were utilized to obtain color-free eluates. 
The majority of the adsorbents which 
were found successful for TDE cleanup 
were found either to adsorb both the 
tobacco interferences and the endrin or 
neither. Magnesia mixture was found 
to be useful with green tobacco samples 
up to 100 grams, retaining the green 
tobacco pigments, and permitting endrin 
elution with 500 ml. of n-hexane. How- 
ever, magnesia mixture alone was not 
satisfactory for use rvith extracts of cured 
and cigarette tobacco, and following the 
lead of the endrin photometric method 
(2 ) ,  a two-zone column of magnesia mix- 

ture and Florisil was adopted. This 
magnesia-Florisil column lvould retain 
tobacco interferences from n-hexane 
extracts equivalent to 25 grams of cured 
and cigarette tobacco. However? this 
sample size was not large enough to give 
sufficient sensitivity to the detection of 
endrin in cigarettes. In studies on the 
relative contribution to the endrin color 
reaction from nonendrin sources. combin- 
ing pooled “clean” check eluates did not 
significantly increase the nonendrin color 
production. This indicated that the 
tobacco interferences had been reduced 
to a minimum using acetone and pentane 
dewaxing. followed by magnesia-Florisil 
chromatography. Pooling eluates, at 
least by a factor of 4> did not exert an 
additive effect from nonendrin color 
production sources. Thus, using a pooled 
sample consisting of four 25-gram clean 
eluates. the sensitivity for detecting en- 
drin in cured and cigarette tobacco was 
increased fourfold. During the eval- 
uation of this type of column. the activa- 
tion temperature and the shelf age of the 
Florisil had a pronounced effect on the 
elution point of endrin. Bann et  ~ l .  (5) 
pointed out the necessity of calibrating 
this type of column as to magnesia and 
Florisil batch, as well as the total amount 
of extractives placed on the column. 

Analysis. The procedural efficiencies 
and the analytical manipulations in- 
volved in the determination of chlorin- 
ated hydrocarbon insecticides by means 
of the horizontal quartz tube combustion 
chlorine method, as well as by the 
determination of DDT, TDE, and re- 
lated compounds by the Schechter- 
Haller colorimetric method, and of 
endrin by the dechlorination-sulfanilic 
acid-phenyl azide colorimetric method 

on other crop substrates have been ade- 
quately treated by various workers 
(4 ,  13, 22, 26). 

By using the extraction and isolation 
techniques previously described. these 
methods have been adapted to the 
analyses of tobacco samples. The 
procedural efikiencies for these tech- 
niques are shown in Tables I and 11. 
The background levels of apparent 
TDE and endrin in untreated green, 
cured, and cigarette tobacco are shown 
in Table 111. These results shoiv that 
the methods can be extended to a 
different material, tobacco. and that 
recovery. sensitivity, and the successful 
transition from total chlorine methods 
to more specific colorimetric methods 
permit the investigation of the magnitude 
and fate of TDE and endrin residues on 
tobacco as it is processed by the groxvers 
and manufacturers and smoked by the 
consumer. 

Persistence of TDE and Endrin 
Residues on Green Tobacco. Table 
IT.’ gives the residues of TDE and endrin 
remaining on green tobacco 1 to 2. 
5 to 7 ,  and 15  da: s after treatment. 
These residues are high in comparison 
to those found on other crops. ’41- 
though considerably reduced by rain- 
fall, growth. and weaihering. the residues 
\<ere still at a high level after 5 to 7 
days. The magnitude of these residues 
on tobacco which \vas hari-es.ed im- 
mediately follouing treatment \vas very 
high. Thus. it is recommended that 
grolvers treat their tobacco immediately 
after priming rather than just before. 
Table V shoivs the dissipation of TDE 
and endrin following applications to 
green leaves at different stages of growth. 
The quarter-groivn leaves had the high- 
est residue initially because these leaves. 
being near the top of the plant. received 
spray from three nozzles. Five to 10 
dass after treatment the leaves that had 
been full grown when sprayed retained 
the highest residue. Because these 
leaves were already full groivn. any re- 
duction in the residue level was due 
solely to weather factors. In the case of 
the smaller leaves, growth subsequent to 
treatment diluted the residues. IVorms 
feeding on the tobacco were controlled 
fairly well through the 11th day with 
TDE and through the 17th day with 
endrin. The biological data and chem- 
ical data were in fairly good agreement 
except for conflicting data obtained with 
6 p.p.m. of endrin at 17 and 21 days 
after treatment. 

Persistence of TDE and Endrin 
Residues on Processed Tobaccos. 
Table VI  shows the comparative stability 
of TDE and endrin residues at various 
stages in the commercial processing of 
tobacco. The samples from the two 
companies were in very close agreement, 
and the figures shown are averages of 
the two tests. About 407, of both 
TDE and endrin disappear during 
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Table V. Residues",* of TDE' and Endrind Persisting on Green Tobacco and Their Toxicity to Hornworms 
1/2 Grown leaves 

Hornworm 
Days offer  TDE, Mortolify, Endrin, Morfol i ty ,  
Application p.p.m. % p.p.m. % 
Hours, 4 518 
Davs 

317 

21 25 3 4 13 
a P.p.m. reported on a dry-stemless basis. 
* Colorimetric methods. 
c Applied at 1 lb./acre. 
d Applied at 0.4 Ib./acre. 

'/2 Grown leaves 
Hornworm Full Grown leaves 

TDE, Morfality, Endrin, Morfality, TDE, Endrin, 
p.p.m. % p.p.m. % p.p.m. p.p.m. 

465 193 361 125 

21 5 62 175 54 
156 85 47 96 120 20 
117 38 105 20 

64 68 8 100 97 17 
60 9 6 78 92 14 
48 5 6 38 61 11 

curing. Subsequent to curing, however, 
the insecticides remain at  approximately 
the same level through redrying and 
aging. These figures suggest that the 
residue level on tobacco purchased from 
the grobver, at the commercial auction 
markets. will not be altered except as it 
may be diluted in the blending with 
other tobaccos and additives in ciga- 
rette manufacture. 

MAGNITUDE OF TDE AND ENDRIN 
RESIDUES ON AUCTION MARKET 

TOBACCO AND IN CIGARETTES 

Materials and Methods 

The TDE and endrin residue analyses 
were conducted in accordance with the 
colorimetric methods previously de- 
scribed. The method used for endrin 
analysis is specific. The TDE method, 
however. is sensitive to TDE and other 
insecticides. such as DDT,  methoxy- 
chlor, and perthane. Of these others 
only DDT is used in tobacco culture. 
DDT is used primarily for budworm 
control ; the applications are generally 
made only to the upper bud region of the 
plant 15 or more days before priming. 
The method of Rosenthal et  al .  (25 ) ,  
specific for TDE. shows that over 9070 of 
the TDE-DDT complex found on United 
States tobacco is TDE.  Accordingly, the 
results reported will be expressed as 
TDE.  

Commercial Auction Market Sam- 
ples. These samples were taken in a 
similar fashion each year-namely. two 
leaves were removed from each of 25 
or more randomly selected baskets of 
flue-cured tobacco irrespective of grade 
or priming, and the 50-leaf sample was 
combined for each market. Samples 
from each warehouse were analyzed 
separately for their TDE and endrin 
residue. 

Commercial Cigarettes. In 1955, 
four popular brands of cigarettes were 
purchased from retail outlets in seven 
widely separated locations in the United 
States. In  1956 and 1957, domestic 
cigarettes (including the brands sampled 

Table VI. Effect of Processing on TDE and Endrin Residues" on Tobacco 
Cumulative % lossb after Indicated Process 

Sfemmed 
Residue, or 
P.P.M.  shredded Cigaretfe 

Spray Lb. per Times 7 Day after Flue- and manu- 
Treatmenf Acre Treated Treafment cured redried 7 2 facture 

TDE 1 . o  7 784 41 43 44 44 44 
Endrin 0 . 4  7 100 42 45 47 47 47 

a P.p.m. reported on dry-stemless basis. 
b 70 loss from 1-day residue. 

Table VII. TDE and Endrin Residues" Found on Samples of Tobacco from 
Commercial Auction Markets 

TDE, P.P.M. Endrin, P.P.M.  
Belf 7 956 7 957 7958 7 957 1958 

Border 68.0 4 1 . 3  6 1 . 2  1 . 5  2 . 9  
Eastern 40 .8  31 .8  44 .1  2 . 0  2 . 3  
Mirlrllr 15  0 2 1 . 4  34.9 1 . 2  0 . 9  . -. - -_. .. . ~. . 

Old 1 0 . 0  1 5 . 5  32 .9  0 . 7  0 .6  
All location mean 39 .0  28.6 43.7 1 . 5  2 . 2  
Range 1.0-140.2 7.8-58.4 14.0-114.0 0.0-3.4 0.0-7.4 
Number of markets 30 26 56 26 46 

a P.p.m. reported on dry-stemless basis. 

in 1955) were purchased from a com- 
mercial wholesaler in Raleigh, N. C., 
and, in addition, some foreign cigarettes 
were obtained. The tobacco removed 
from five packs of each brand type con- 
stituted the analytical sample. 

Results and Discussion 

Table VI1 shows the magnitude of 
TDE and endrin residues on tobacco 
from commercial auction markets. This 
tobacco is representative of that which 
is now in commercial storage, under- 
going aging prior to cigarette manu- 
facture. The values are grouped ac- 
cording to the Tobacco Belt and indicate 
that the residues are highest on tobaccos 
from the Border and Eastern Belts and 
lowest from the Middle and Old Belts. 
The residue level seems to parallel the 
relative importance of hornworms and 
budworms in the respective belts. The 
results in 1956 and 1958 were quite 
similar; residues of TDE were slightly 
lower in 1957. The results in 1958 in- 

dicated a slightly greater use of insec- 
ticide. In order for the results to be 
truly comparable, it tvould have been 
necessary to have the samples balanced 
for primings. The random sampling 
scheme did not. of course, ensure bal- 
anced representation. The comparison 
of 1956 and 1958 is felt to be more valid 
because the surveys were made when ap- 
proximately similar primings were mar- 
keted. The higher residue levels found 
in 1956 and 1958 as compared with those 
of 1957 are explained as the results of 
heavier infestations of hornworms during 
these years with consequent increased 
use of TDE and endrin. 

The TDE level on the four popular 
brands of cigarettes sampled in 1955 was 
about 12.5 p.p.m. There was no dif- 
ference among brands, but there were 
slight differences between locations. 
The location means are not felt to be 
significantly different as it is known that 
cigarettes manufactured in a given time 
period are distributed throughout the 
United States in a random fashion. 
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Table VI11 shows TDE residue levels in 
1956 and 1957. There was considerable 
range among the brand types tested 
(4.7 to 17.9 p.p.rri. TDE), although the 
four brands that were analyzed in 1955 
once again were similar (about 12 p.p.m. 
TDE). Foreign brands of cigarettes 
also contained detectable quantities 
of the TDE-DDT complex, although 
one brand of l O O q &  Turkish tobacco did 
not contain TDE or DDT. Table 
VI11 also indicates the endrin residue 
level of five brands of regular cigarettes. 

THE MAGNITUDE AND FATE OF TDE 
RESIDUES IN CIGARETTE SMOKE 

As studies indicated that TDE and 
endrin residues could be detected on 
commercial tobacco and in commercial 
cigarettes, the next logical step was to 
determine the fat: of these insecticides 
subjected to the high temperatures (in 
excess of 800' C.) of a cigarette during 
smoking. This was done by the isola- 
tion and identification of the insecticide 
residue componeiits from the main- 
stream smoke of experimental and com- 
mercial cigarettes. 

!Vhile it had been previously shown 
by Haag (76) that cigarettes processed 
from TDE-treated tobacco yielded main- 
stream smoke with an organic chlorine 
content higher than that from untreated 
cigarettes, the nature of the organic 
chlorine component(s) was not deter- 
mined. The modified colorimetric pro- 
cedure of Schechter-Haller was used in 
the determination of the nature of the 
TDE residue components in cigarette 
smoke. By this method. TDE yields an 
intense blue color and its known or theo- 
retically possible degradation products 
produce red colors. Compounds that 
react in this method are designated as 
either blue SH (Schechter-Haller) pos- 
itive or red SH positive. 

Materials and Methods 

In order to facilitate the detection of 
any TDE re& components that might 
be present in thc main-stream smoke, 
experimental cigaretteb carrying a high 
level (440 p.p.m. TDE) were used in 
the initial studies. These cigarettes 
were manufactured from the TDE- 
treated tobacco which had undergone 
commercial flue-curing, redrying. and 
aging (Table VI). Commercial cig- 
arettes were sampled after the proper 
analytical scheme for the detection of 
TDE residue components in the main- 
stream smoke of experimental cigarettes 
had been establishcd. 

Smoke Collection. Smoke samples 
were collected from experimental and 
commercial cigare ttes by means of an 
L&M Model 3 cigarette smoker (20). 
The apparatus is designed to smoke 15 
cigarettes in rotation, taking from each a 

Table VIII. TDE Residues" on Commercial Cigarettes 

Sample  

No. o f  
Brand-Types TDE, P.P.M. 
Sampled M e a n  Range 

1956 

1957 
Regular-USA 7 11.2 8.9-13.8 

Regular-USA6 
King-USA 
Filter-King-USA 
Mixed-Canadianc 
Austrian6 
Turkish 

7 
10 
13 
12 

13 .4  
13 .0  
11.7 
8 . 1  

12.2-15.7 

8.6-15.7 
8.0-17.2 

4.2-13.5 
3 8 . 6  5.3-12.4 
1 0 .0  

a P.p.m. reported on a dry-stemless basis. 
b Five brand types sampled for endrin residues had a range of 0.08 to 0.29 p.p.m and a 

mean of 0.16 p.p.m. 
TDE-DDT complex, mainly DDT. 

Table IX. Chromatographic Elution Patterns of SH Positive Material of 
Extracts from Experimental Cigarette Smoke 

Column 3 Column I Column 2 
Consecutive Alumina-Affaclay-Silicic Alumina-Attaclay-Florisil F-20-Alumina 

Fractions SH Color SH Color SH Color 
7 0 - M I .  Crude Exfracf, Eluafe from Column 7 ,  Eluate from Column 2 ,  

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15  
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 

Orange-red 
Orange-red 
Orange-red 
Red 
Red 
Red 
Brown 
Brown 
Brown 
Off-purple 
Off-purple 
Off-purple 
Blue 
Blue 
Blue 
Blue 
Blue 
Blue 
Blue 
Off-pale blue 
Off-pale blue 
Off-pale blue 
Colorless 
Colorless 
Colorless 

Colorless 
Light orange 
Pink 
Red 
Orange-red 
Orange-red 
Colorless 
Colorless 
Colorless 
Colorless 
Light bluec 
Blue 
Blue 
Blue 
Blue 
Blue 
Light blue 
Colorless 
Colorless 
Colorless 

Orangem 
Orange 
Orange 
Light orange 
Light orange 
Light orange 
Pink6 
Pink 
Pink 
Colorless 
Colorless 
Colorless 
Colorless 
Colorless 
Colorless 
Colorless 
Colorless 
Light pinkd 
Pink 
Pink 
Red 
Red 
Red 
Red 
Pink ~~ 

Pink 
Light pink 
Colorless 
Colorless 
Colorless 

a Fractions 1-6 maximum 323 mp, found in check cigarette smoke. 
* Fractions 7-9 maximum 510 mp, found on F-20 alumina, removed by pentane pre- 

c Fractions 11-17 maximum 593 mp, same as TDE. 
washing. 

Fractions 18-27 maximum 541 mp, same as deHC1-TDE. 

35-ml. puff of 2-second duration, once 
every minute. A cigarette is considered 
smoked after eight puffs. 

Tobacco smoke is an aerosol consist- 
ing of millions of liquid-solid particles 
per cubic centimeter of gaseous phase. 
In preliminary studies, the aerosol phase 
of the main-stream smoke was collected 
by the use of an alpha-cellulose filter 
trap consisting of a 25 X 150 mm. glass 
tube packed with 2.5 grams of SW-40-A 
Solka-Floc a-cellulose to a depth of 80 
mm. Previous work indicated that when 
the filter is connected to the mouth piece 
of the smoker it removed over 99y0 of the 
liquid-solid aerosol phase of the main- 
stream smoke under the smoking con- 

ditions previously indicated. In later 
studies the main-stream smoke was col- 
lected by means of a series of three gas 
washing bottles each containing 350 ml. 
of acetone. 

Isolation of the TDE Residue Com- 
ponents. Analytical samples consisted 
of the cellulose--or acetone-trapped 
aerosol phase of the main-stream smoke 
from 90 cigarettes. The cellulose was 
removed from the filter tube and ex- 
tracted with two successive 250-ml. 
portions of acetone. The  acetone-cellu- 
lose extracts and the acetone trapping 
solutions were concentrated to approxi- 
mately 10 ml. using Danish-Kuderna 
concentrators. The acetone smoke con- 
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centrates were transferred to 150-ml. 
beakers! mixed with 12 grams of alumi- 
num oxide, and the excess acetone was 
removed by placing the beakers in a 
65' C. water bath under a filtered air 
manifold. The alumina slurries were 
placed under vacuo over calcium chloride 
for 16 hours to remove the residual 
acetone and water. The alumina-smoke 
complex was thoroughly mixed and 
quantitatively transferred to glass chro- 
matographic columns as the upper zone 
of the three-zone (alumina-httaclay- 
silicic acid) column previously discussed. 
The columns were eluted with 25C ml. 
of n-pentane with the results shown in 
Table IX: column 1. 

Preliminary studies on eluates from 
these columns involving the Schechter- 
Haller reaction indicated the pos- 
sibility of both blue SH and red SH 
positive material being present. In 
order to separate the blue and red SH 
positive materials additional cleanup was 
required. A second set of these eluates 
was concentrated to 10 ml. using Danish- 
Kuderna concentrators. The pentane 
concentrates Lvere then subjected to 
cold (-75' C.) acetone and pentane 
dewaxing as previously described. The 
dewaxed pentane concentrates were 
placed on chromatographic columns 
similar to the three-zone column, but 
in Lvhich Florisil was substituted for the 
silicic acid mixture. The columns were 
packed dry under gentle vacuum and 
prewashed Lvith 150-ml. of n-pentane. 
The samples were added and the col- 
umns ivere eluted with 200 ml. of 11- 

pentane. The blue and red SH pos- 
itive materials were eluted from this 
type of column with the results shown in 
Table IX: column 2. Thus the use of 
the alumina-Artaclay-Florisil co!umn in 
conjunction with the alumina-Atta- 
clay-silicic acid column gave enough 
resolution of the blue and red SH pos- 
itive materials that it was possible to 
collect all the red SH positive material 
in the first 80 ml. of pentane from the 
second column, while all the blue SH 
positive material was collected in the 
next 120 ml. This material was tenta- 
tively identified as TDE.  

Resolution of the Red SH Positive 
Material. Various analogs of TDE,  
either knoivn or theoretically possible as 
degradation products, yield red SH 
positive colors (72, 23, 26, 27). In  
order to elucidate the nature of the heat- 
induced red SH positive degradation 
products of TDE in cigarette smoke, 
further fractionation was accomplished 
by means of the procedure of Sternburg 
and Kearns (27). A set of pentane 
fractions from the alumina-Attaclay- 
Florisil column containing the red SH 
positive material was subjected to this 
method. This demonstrated that of the 
six TDE derived compounds-l- 
chloro-2,2-bis(p-chlorophenyl) -ethylene, 
bis(p-chlorophenyl)methane, 4,4 '-dichlo- 

Table X. TDE Residue Components 
in Experimental Cigarettes and 

Cigarette Smoke 
deHCI- 

TDE,b TDE,' 

Cigarettes 440 0 

Sample" P . P . M .  P .P.M.  

Main-stream smoke 82 90 
Butts 460 0 
Ash 0 0 

Original green tobacco treated \rith an 

* Based on weight of tobacco consumed 
exaggerated level of TDE. 

during smoking. 

robenzophenone, 4,4'-dichlorobenzhy- 
drol, p-chlorophenylacetic acid! and p -  
chlorobenzoic acid-that could be con- 
tributors to the red SH positive material 
in cigarette smoke, only the l-chloro-2.2- 
bis(p-chlorophenyl)ethylene! the dehy- 
drochlorinated ethylene derivative of 
TDE (dehydrochlorinated TDE)  \vas 
present to any measureable extent. 

Resolution of Dehydrochlorinated 
TDE and Check Smoke Interferences. 
In conducting these procedures. samples 
of smoke from cigarettes containing 
TDE-treated tobacco and smoke from 
untreated (check) cigarettes were anal- 
yzed concurrently. Once it had been 
established that dehydrochlorinated TDE 
was the only detectable contributor to 
the red SH positive material from the 
TDE source, it was no longer necessary 
to apply the Sternburg procedure to the 
smoke samples. The red SH positive 
fraction from the alumina-Attaclay- 
Florisil column could be interpreted as 
dehydrochlorinated TDE. There was. 
however, an unknown component in 
check smoke which gave an orange color 
after being subjected to the Schechter- 
Haller reaction and it resisted all earlier 
efforts of clean-up and separation. This 
material would appear concurrently 
with dehydrochlorinated TDE in the 
separation scheme and seriously in- 
terfered with the sensitivity range of any 
proposed dehydrochlorinated-TDE de- 
tection for commercial cigarettes. 
Therefore, the entire red SH positive 
fraction was subjected to an additional 
purification step to free it of the smoke 
interference. A set of pentane fractions 
from the alumina-Attaclay-Florisil col- 
umn containing the red SH positive 
material was concentrated and placed 
on a 10-cm. column of n-pentane pre- 
washed activated alumina (Alcoa F-20, 
80 to 200 mesh) and eluted with 300 
ml. of n-pentane. The elution pattern is 
shown in Table IX, column 3. These 
data show that all the non-TDE- 
derived red SH positive material can be 
discarded with the first 150 ml. from the 
column, while the next 150 ml. contained 
the rcd SH positive dehydrochlorinated 
TDE.  

Results and Discussion 

Experimental Cigarettes. Main- 
stream smoke was collected from experi- 
mental cigarettes carrying a high level 
of TDE (440 p,p.m,).  In addition to 
the smoke collections from these experi- 
mental cigarettes. the ash and butts 
were also collected. The smoke, ash, 
and butts were anal) zed colorimetrically 
for their TDE content. The results of 
these analyses are shown in Table X. 
They show that, of the TDE in the cig- 
arette. approximately 40Yc was moved 
into the main-stream smoke bv the high 
temperature of the burning tip of the 
cigarette. Approximately half of the 
40% was tentatively identified as un- 
changed parent TDE and the other 
half as the dehydrochlorinated ethylene 
derivative of TDE (dehydrochlorinated 
TDE). There \vas little or no indication 
that the volatilized TDE or dehydro- 
chlorinated TDE was condensed in the 
butt as the residue of this tobacco re- 
mained relatively constant. 

Identification of TDE and Dehydro- 
chlorinated TDE in Smoke from Com- 
mercial Cigarettes, In order to iden- 
tifv the blue and red SH positive mate- 
rial obtained in subjecting purified 
main-stream smoke from commercial 
cigarettes to the modified Schechter- 
Haller reaction as being specifically 
TDE and dehydrochlorinated TDE. 
several identification techniques were 
used. In addition to the tentative 
identification offered by their position 
in the isolation scheme. relative to that 
for authentic specimens of purified 
TDE and dehydrochlorinated TDE 
added to check smoke, spectral trans- 
mission curves of these isolated com- 
pounds were made using a Beckman 
DK-2 ratio recording spectrophotometer 
as shown in Figure 1. The absorption 
maxima for the blue SH positive material 
isolated from commercial cigarette smoke 
and the blue SH positive color obtained 
from authentic TDE were in close agree- 
ment at 593 mp and 381 mp. The 
absorption maxima for the red SH pos- 
itive material isolated from commercial 
cigarette smoke and the red SH pos- 
itive color from authentic dehydrochlo- 
rinated TDE were in close agreement at 
541 mp and 41 6 mp. Main-stream smoke 
collected from cigarettes manufactured 
from a blend of insecticide-free flue- 
cured, burley and aromatic tobaccos 
processed through this same isolation 
and analytical scheme absorbed weakl) 
at these wave lengths. 

This close agreement of the absorp- 
tion maxima between the blue SH and 
the red SH positive colors of ciggrette 
smoke isolated compounds to those of 
authentic TDE and dehydrochlorinated 
TDE did not rule out, however. the 
possibility of similar colors being de- 
veloped from other insecticide sources 
such as DDT, methoxychlor, and per- 
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thane. Of these compounds only DDT 
is used in tobacco culture. In order to 
rule out interferences from these other 
insecticides. the TDE and dehydro- 
chlorinated TDlE isolated from com- 
mercial cigarette smoke were subjected 
to a “confirming“ reactions as described 
by Rosenthal (25). This reaction con- 
sisted essentially ‘of treating the dehydro- 
chlorinated derivative of TDE with 
96% sulfuric acid with the subsequent 
formation of a “yello\Y color complex” 
measured on a spectrophotometer at 
502.5 mp. The use of the 96% sulfuric 
acid eliminated interference from per- 
thane and methoxychlor, while absorb- 
ance of DDT under these conditions is 
very 1 0 ~ ~ .  t l l l  of the TDE and dehydro- 
chlorinated TDIl isolated from com- 
mercial cigarettc smoke reacted pos- 
itively to the Rosenthal test, and quanti- 
tative estimation of the amounts present 
Lvere of the samt order of magnitude as 
those from the Schechter-Haller reaction. 

At this stage of the investigation a 
preliminary report on smoke analysis \vas 
made by RIold and IValker (27)  \Tho 
obtained a clue as to the nature of one of 
the fractions they had obtained in the 
course of their study of the constituents 
of cigarette smoke. Mold and M’alker 
(21)  have since isolated TDE in the 
smoke produced from 34.000 cigarettes 
and offered infrared, ultraviolet, and 
melting point data to prove conclusively 
the presence of TDE in commercial 
cigarette smoke. They indicated that the 
level of TDE found approximated that 
reported by the authors ( 6 ) .  They pub- 
lished additional. infrared data which 
likewise suggests the presence of dehydro- 
chlorinated TDE in smoke. 

These findings justified the applica- 
tion of the isolation and analytical scheme 
to the determination of TDE and de- 
hydrochlorinated TDE in commercial 
cigarettes and in main-stream cigarette 
smoke. T o  establish the sensitivity level 
of this procedure main-stream smoke. 
collected from cigarettes manufactured 
from a blend clf insecticide-free flue- 
cured. burley and aromatic tobaccos, 
was analyzed for its apparent TDE and 
dehydrochlorinated TDE content. 
Based on samples containing the smoke 
collected from ‘90 cigarettes, average 
background values of apparent TDE and 
dehydrochlorinated TDE were 0.1 y of 
TDE and 0.05 y of dehydrochlorinated 
TDE per smoked cigarette. 

Commercial Cigarettes. One carLon 
(200 cigarettes) rach of 30 brand types 
of *4merican cigarettes were purchased 
from a commercial wholesaler in Raleigh, 
Tu’. C. .  in 1957. One hundred cigarettes 
from each carton were analyzed for their 
TDE content. An additional 90 ciga- 
rettes from each carton were subjected 
t o  the smoking process, and the collected 
smoke was analyzed for TDE and dehy- 
drochlorinated TDE content. The re- 
sults of these analyses are shown in 

W A V E  L E N G T H .  M U  W A V E  L E N G T H .  M U  

Figure 1 .  
smoke isolates subjected to the Schechter-Haller reaction 

Absorption curves for TDE (left) and deHCI-TDE (right). Cigarette 

A. 
6. 
C. 
D. 
E. 
F. 

Authentic TDE added to check cigarette smoke isolate 
Commercial cigarette smoke isolate, blue SH positive fraction 
Check cigarette smoke isolate, blue SH positive fraction 
Authentic deHCI-TDE added to check cigarette smoke isolate 
Commercial cigarette smoke isolate, red SH positive fraction 
Check cigarette smoke isolate, red  SH positive fraction 

Table XI. TDE Residue Components in Commercial Cigarettes and Smoke 
-,/Cigarette and “Smoked Cigareffe”“ - 

Smoke 
No. of deHCI-TDE 
Brand- Cigoreffe, TDE TDE 

Sample fypes Meun Range Mean Ronge Meon Range 

Regulars 7 1 2 . 7  11 .2-15 .2  1 . 6  1 .5 -1 .7  1 . 4  0 .9 -2 .6  
Kings 10 1 4 . 7  9 .7-20 .6  1 . 7  1 .5-1 .8  1 . 3  0 .7 -1 .5  
Filter-Kings 13 1 0 . 3  7 .8-13 .4  1 . 6  0 .7-1 .9  0 . 6  0 .3 -0 .8  

a Corrected for: average background of apparent TDE for check cigarettes, 0.07 Y 
average background of apparent TDE and deHCI-TDE for check smoke, TDE/cigarette ; 

0.1 y TDE and 0.05 y deHC1-TDE/“smoked ciagarette.” 

Table XI, and indicate that, based on 
the amount of TDE in the cigarettes. 
approximately 12.9y0 is coming over in 
the main-stream smoke as parent TDE 
and 8.7% is dehydrochlorinated TDE. 

Conclusions 
The studies reported herein indicate 

that rather high levels of TDE and en- 
drin residues may occur on green tobacco 
at  priming. There is approximately a 
40% loss of these residues during flue- 
curing. but the residues tend to go slightly 
subsurface and little or no additional loss 
occurs during commercial processing 
There are indications that the TDE and 
endrin residue level is still high on flue- 
cured tobacco delivered to the com- 
mercial auction markets by grokvers and 
purchased by commercial companies 
for subsequent aging and processing into 
cigarettes. This suggests that growers 
have to be taught how to apply the in- 
secticide to minimize the residues. 
Recent work at  North Carolina State 
College (75, 79) has shown that with 
reduced dosages and better placement 
and timing of applications, TDE and 
endrin residues can be reduced 50 to 60% 
with no appreciable increase in insect 
damage. 

Dilution of the TDE and endrin res- 
idues found on commercial flue-cured 
tobacco by blending with other tobaccos 
and additives during commercial ciga- 
rette manufacture reduces the level of 
these insecticides in cigarettes. .4p- 
preciable dissipation and degradation 
of these residues occur during cigarette 
smoking. However. small but detect- 
able amounts of TDE and dehydro- 

chlorinated TDE are still found in 
the main-stream smoke of commercial 
cigarettes. These amounts. however, 
give no clue as to that retained by the 
smoker. because much or all of the TDE 
residue components may be exhaled. 
Studies on the magnitude and fate of 
the endrin residue components in cig- 
arette smoke are underway in the authors’ 
laborator). and will be reported at a 
later date. 

Future work in the area of insecticide 
residues in cigarette smoke will consider 
the determination of the site. level, and 
fate of the insecticide-derived inhalation 
products in mammals. 

As a long range plan we are investigat- 
ing newer experimental insecticides (74) 
with a view toward producing flue- 
cured tobacco for cigarette manufacture 
with little or no insecticide residue pres- 
ent and which will yield an insecticide- 
free main-stream smoke. 
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Special techniques for estimating the dosage-response curves of some allylic and acety- 
lenic halides using larvae of the citrus nematode, Tylenchulus semipenetrans Cobb, have 
been developed. The toxicities of these halides, as measured by the concentrations 
required to produce 50% inhibition of mobility, were found to be related to their reac- 
tivities in the S,v2 reaction with potassium iodide in acetone. A possible mode of action 
for these halides is  suggested. 

RGANIC HALIDES are currently being 0 used extensively as soil fumigants 
for the control of plant parasitic nema- 
todes and other pathogenic soil organ- 
isms (22). The two most common types 
are the saturated aliphatic halides such 
as methyl bromide, ethylene dibromide, 
and 1,2-dibromo-3-chloropropane, and 
the 2,3-unsaturated alkyl halides such as 
1,3-dichloropropene. 

Although some of these have been 
utilized as nematocides for almost 15 
years, very little is known concerning 
their mode of action. It has been sug- 
gested that these compounds act as 
narcotics and that physical properties 
such as vapor pressure, water solubility, 
and ability to dissolve wax are most 
important (5, 27). However, toxicolog- 
ical data were recently obtained which 
suggested that reactivity was involved 
(29). In a series of halides RX,  where 
R was constant, the order of toxicity 

was RI>RBr>RCl. cis-1,3-Dichloro- 
propene was more toxic than trans-1,3- 
dichloropropene and 2,3-unsaturated 
alkyl halides were more toxic than the 
corresponding saturated derivatives. In 
each case, nematocidal activity parallels 
the rate of reactivity of the halide in 
bimolecular nucleophilic displacement- 
S,v2-reactions. The present investi- 
gation was undertaken to study this re- 
lationship in more detail. 

This report summarizes the techniques 
that were developed for the estimation of 
dosage-mortality curves using citrus 
nematode larvae and compounds which 
are toxicants a t  concentrations less 
than their solubilities in water. Results 
are also indicated for a number of allylic 
and acetylenic halides, and the relation- 
ship between the toxicities of these 
halides and their reactivities in the 
Su2 reaction with potassium iodide in 
acetone. 

Apparatus 
VIALS. 25-ml. capacity with plastic 

snap-on caps (Merck, Sharpe and 
Dohme, Nos. 3352 and 6301). Drill a 
27/32 inch diameter hole in half the 
caps. 

11:/32 inches in diam- 
eter. Drill from plastic cloth (Style 
PM-2711-C Polymax), 176 X 73 fila- 
ments per inch and a nominal diameter 
of 0.006 inch. 

Cut3,/r X 3 X 311/2 
inch hardwood lumber lengthwise, drill 
twelve 11/4-inch diameter holes on 
2l/,-inch centers 4l/16 inches from each 
end, and line each hole with ‘/le-inch 
felt. Combine the two halves and 
through the 3/4-inch side, drill three 
ll4-inch diameter holes, in the center 
and 11/2 inches from each end. Secure 
the two halves with 3/16-inch stove bolts 
and wing nuts. 

Petri dish holder and counting grid 
(Figure 1). Drill a 2l/s-inch diameter 
hole in the center and four ‘!,-inch diam- 

FILTER CLOTHS. 

VIALHOLDERS. 
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