
Co-Ral. although systematically in- 
effective against newly hatched scre\v- 
worm larvae and stable flies lvhen 
applied dermall:., appeared to be an 
effective residual insecticide. 
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ISADORE ROSENTHAL, C. F. I GORDON, and E. 1. STANLEY 

TDE, 1, l  -dichloro-2,2-bis(p-chlorophenyl)ethane, has been used to protect crops from 
damage by insects. A method is described for its determination as a residue in plant 
extracts. After partial purification by solvent partitioning and treatment with adsorbent, 
the residue i s  dehydrohalogenated to 1 -chloro-2,2-bis(p-chlorophenyl)ethylene, in a rapid, 
selective manner using sodium ethylate in dimethylformamide. Treatment of this alkene 
with sulfuric acid yields a colored carbonium ion complex with a maximum absorption 
at 502 mp. Extraction and cleaning procedures are described, with a discussion of 
the method. 

HE INSECTICIDE 1.1-dichloro-2.2-bis T(, - chloropheny1)ethane (TDE. 
DDD, or Rhothane) is used as an eco- 
nomic poison to protect a variety of crops 
against insects. The study, as presented 
here, represents endeavors to develop an 
analytical method to determine micro- 
amounts of spray residues on raw agri- 
cultural products. 

T D E  spray residues are difficult to 
determine in the presence of certain 
other chlorinated pesticides. as the res- 
idue methods now employed-Schechter- 
Haller ( 9 )  and total organic chlorine (4) 
-do not have a high degree of specificity 
for TDE. 

Earlier Lvork in this laboratory had 
indicated the possibility of a method ap-  
plicable to dehydrohalogenated T D E  
using sulfuric acid. Researchers in this 
field had already pointed out the useful- 
ness of such a procedure with D D T  
( 7 ,  3).  methoxychlor (2). and Perthane 
( 8 ) .  Adaptation of exisiing procedures 
to T D E  failed. because the conventional 
cleanup sequences gave poor recovery of 
TDE. and the dehydrohalogenation step 
could not be carried out reproducibly 
by boiling in alcoholic potassium hy- 
droxide. 

Reagents 

less specified otherwise. 
All materials are  reagent grade. un- 

Alumina. Merck reagent grade. 
n-Hexane. technical grade, 95 mole yc 

minimum. This is used for extraction 
and stripping of fruits and vegetables. 

n-Hexane. purified. technical grade. 
95 mole % minimum, passed through 
activated alumina. Using a column 4 
cm. in diameter. 1 pound of alumina 
will clean up  2 gallons of solvent. 

Acetonitrile, purified. technical grade: 
distilled or reagent grade. passed through 
activated alumina (see n-hexane, puri- 
fied). 

Equilibrated solvenrs. Saturate 
purified n-hexane and purified aceto- 
nitrile with each other. 

Rhothane purified. technical material. 
recrystallized from methanol t\vice. 
Melting point 110-10.jO C. 

Sodium ethylate. O.l.\-. Store and 
disperse from an automatic buret pro- 
tected from the atmosphere by silica 
gel and .4scarite. 

Absorbent mixture. 
77 parts sodium sulfate (anhydrous) 

5 parts Attasol 
5 parts Filter Cel 
2 parts charcoal, activated (Nuchar) 

hlix well and dry for 24 hours at  
Keep tightly stoppered until 110' C. 

used. 

Extraction 
Because of the multiplicity of problems 

presented by the variety of samples it 
is difficult to outline definite extraction 
procedures. The main purpose is to 
achieve complete removal of TDE from 
the sample. Ordinarily. hexane is used 
and the solvent to sample ratio can be 
varied according to needs. 

Depending on the nature of the 
analysis: the sample can be macerated 

before extraction and then a methanol- 
hexane extraction may be necessary. 
Extracts are dried over anhydrous so- 
dium sulfate prior to storage. Such ex- 
tracts can be stored for several months 
ivithout loss of TDE. 

Separation 
A 5- to 15-ml. aliquot of the extract. 

or an amount containing 10 to .50 y 
(optimum 30) of TDE, is placed in a 60- 
ml. cylindrical separatory funnel. 
Enough n-hexane (saturated Lvith acero- 
nitrile) is added to make a total volume 
of 25 ml.. follo\ved by 25 ml. of aceto- 
nitrile (saturated lvith n-hexane). The 
phases are then shaken for 2 minutes for 
thorough equilibration. After the 
phases have separated, the acetonitrile 
layer (lo\\-er) is Lvithdraxvn into a tube 
of Type 2 (Figure 1 ) .  Four grams of 
absorbent mixture are added to the tube, 
Lvhich is shaken for 2 minutes. The  
solution is filtered ivith suction through a 
fritted-glass filter funnel (Type 3. Figure 
1. funnel only with suction attachment) 
into a dehydrochlorination tube of 
Type 1 (Figure 1 ) .  

Dehydrochlorination 

The acetonitrile solution is evaporated 
almost to dryness in a Lvater bath at  
50' to 55' C.. under a gentle stream of 
nitrogen. \\irh the last bit ofsolvent being 
removed at  room temperature under 
nitrogen. Three milliliters of dimethyl- 
formamide are added to dissolve the res- 
idue. folloived by 1 ml. of 0 . 1 S  sodium 
ethylate. The mixture is slvirled for 1 
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Figure 1 .  Special 
apparatus used in 
the procedure 

- 2.5 CM.- 

TYPE 2 

minute. At exactly 1 minute after 
the addition of the sodium ethylate, 23 
ml. of distilled lvater are added and 
the tube is suGrled until its content 
appears clear. 

Thirty milliliters of n-hexane are added 
to the tube containing the dehydrochlo- 
rinated TDE.  and stoppered tightly, and 
shaken for 2 minutes. \\:hen the phases 
have separated. approximately 25 ml. 
of the loiver Lvater layer are Ivithdraivn. 
Another 2 5  ml. cif distilled ivater are  
added and the shaking is repeated for 
2 minutes. M'hen the phases have 
separated. enough of the loiver layer is 
removed so that the interphase is in the 
nipple of the tube. 

Color Development and 
Absorption Measurement 

Twenty-five milliliters of the n-hexane 
layer are Lvithdrarvn and transferred 
to a tube of Type 2. The n-hexane is 
evaporated. on a water bath at room 
temperature. under a gentle stream of 
nitrogen. 0verdr;;ing the residue. leads 
to considerable losses a t  this point. 
Five milliliters of concentrated sulfuric 
acid are added, ivhile smothering the 
tube in a blanket of nitrogen. The 
tube is capped tightly and swirled gentl>- 
after tilting and rolling the acid on the 
sides of the tube to pick up all residue. 
After 15 minutes the absorbance is de- 
termined in a l-cm. cell a t  502 mp 
using Concentrated sulfuric acid as a 
reference. This colored solution is 
known to be stable for a t  least 24 hours. 

In the analysis of some crops, Lvaxy 
residues may carr). through which are 
insoluble in the concentrated acid used 
for color development. To remove 
these suspended \$;axes from the acid 
solution. the acid is filtered through a 
coarse. fritted funnel. The filtrate is 
caught in a 10-ml. :;crew-cap vial (Figure 

l i  

1 % Type 3) to minimize loss and facilitate 
handling. 
Calibration 

The same procedure is followed using 
aliquots of a standard solution contain- 
ing 5, 10, 20. 30> and 50 y of TDE.  
The absorbance values follow Beer's 
law through this range and a typical 
curve will have a slope of 0.1 absorb- 
ance unit per 6.6 y. .4 calibration 
curve is prepared for each substrate by 
carrying through the same procedure 
on an untreated control sample and on 
other untreated controls mixed with 
known amounts of T D E  in the labora- 
tory. A blank with added T D E  should 
be run with each set of samples. 
Discussion 

TDE is completely dehydrochlorinated 
under the conditions described. Unlike 
methoxychlor. DDT. or Perthane. a rig- 
orous caustic treatment must be avoided, 
as this leads to poor recoveries. The 
use of dimethyl formamide to promote 
dehydrohalogenation is not only repro- 
ducible. but is also faster than the con- 
ventional approach of boiling in alcoholic 
potassium 11)-droxide. I t  is possible 
that nonaqueous dehydrohalogenation 
techniques under different conditions 
may be useful in giving rapid, repro- 
ducible dehydrohalogenation from DDT. 
Perthane. and methoxychlor. 

The recovery achieved is dependent 
upon the method of handling \vhen 
evaporating solvent during the pro- 
cedure. Care must be exercised to 
prevent the residue from overdrying and 
the last feiv milliliters must be removed 
a t  room temperature. while rotating the 
tube by hand. If a dry tube xvith res- 
idue in it is exposed to nitrogen and 
heat. large losses will occur. This has 
been sho\vn to be the case for related 
compounds (5: 6 ) .  In  concentrating 

v o  L. 

the residue the temperature must not 
exceed i5 '  C. and in removing solvent 
from the dehydrochlorinated product 
the ivater bath temperature should 
not be above room temperature (21" to 

Siti,ugeii is ~ s c c l  L O  I J h I d i e L  tlie tube 
during the addition of the sulfuric acid 
a t  the color development step, in order 
to produce a stable color. Should the 
acid be added in the presence of air, 
the color initially produced \vi11 fade 
rapidly in an  irregular manner. 

The  cleanup procedure used bvith T D E  
differs from that for Perthane (2) .  1 . 2 -  
dichloro - 2:2 - bis(ethylpheny1)ethane. in 
that the absorbent is used before de- 
hydrohalogenation instead of after. In  
addition, the use of an acetonitrile 
hexane extraction is recommended. The 
adsorbent is used before dehydrohalo- 
genation. because dehydrochlorinated 
TDE is more strongly adsorbed than the 
parent compound. This is expected. 
because it is knoivn that unsaturation, 
especially conjugated unsaturation, gen- 
erally gives rise to stronger adsorption. 
The  loss for T D E  is about 5400 on ab-  
sorption after dehydrohalogenation (as. 
8.5% for Perthane). Using the ad- 
sorbent before this step cuts the TDE 
loss to 22'3. The  extraction is added 
as a general step, although in some 
cases the blank is satisfactory lvithout i t .  
However. it serves two useful functions. 
In the case of exceptionally waxy samples 
a t  lo\v residue levels. the adsorbent does 
not seem to have enough capacity. but 
the extraction step takes care of this. 
If the adsorption step is used after de- 
hydrohalogenation, colored materials 
generated by the action of the base on 
vegetable materials are removed. \Yith 
TDE the formation of these materials 
must be prevented, because there is no 
cleanup after dehydrohalogenation. 
Therefore, the solution going into the 
dimethylformamide must be as clean as 
possible. Adsorption losses arc- smaller 
from acetonitrile than from hexane. 

Interferences 

The  method has been applied success- 
fully to spinach. cucumbers, cherries. 
apples. lettuce, broccoli. kale. and turnip 
greens. Low control values are achieved 
\vith this procedure. .4 reagent blank 
has an  absorbance of 0.010. Untreated 
controls also give low values such as 0.58 
p.p.m. for 10 grams of lettuce. 0.52 
for spinach. and 0.82 for apples. 

A full study has not been completed 
as to the extent to tvhich most other 
insecticides interfere. Some of those 
Lvhich hzve been investigated and shown 
not to interfere are DDT. Perthane. 
heptachlor, and methoxychlor. .4s 
shoL2-n with Perthane ( 7 )  the use of 967c 
sulfuric acid eliminates the interferences 
of methoxychlor. The absorbance of 
D D T  at 502 mp, under the conditions 
used. is very lo\v. Even a t  relatively 

? T o  C ) .  
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high concentrations (500 y of DDT). no 
significant interference is found. 

Sensifivit y 
The method is capable of detecting 

as lo\v as 1.0 y or approximately 0.07 
p.p.in. in a 15-gram samplc. 

Recovery and Reproducibility 
T D E  is lost a t  the various steps in the 

procedure : extraction, 1 i% ; adsorp- 
tion. 22Tc ; and dehydrohalogenation 
and water washes. 87C. The  over-all 
recovery is 62 to 65%,. not 55%> as 
losses cannot be added. but must be 
applied consecutively. This represents 
the losses based on the absolute amount 
of TDE initially present. The  relative 
recovery values range from 95 to 1027,. 
depending on the substrate. 

INSECTICIDE RESIDUES 

Replicate determinations ovrr a period 
of time gave : 

No. o f  Recovery, Std. 
Added Runs % Dev., % 

10 5 97 7 f 7  0 
20 5 98 5 3 2  
30 4 9 9 . 9  1 . 8  
40 5 100.1 5 7  
50 4 101.6 5 .1  
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Colorimetric Estimation of Malathion 
Residues in Cottonseed 

M. V. NORRIS and E. J. KUCHARl 

Central Research Division, 
American Cyanamid Co., 
Stamford, Conn. 

A colorimetric method reported previously for the estimation of spray residues of mala- 
thion on other plant and animal products has been adapted successfully to the determina- 
tion of these residues on cottonseed. It is  suitable for determining concentrations down 
to 0.1 p.p.m. in 200 grams of sample. 

HE BASIC COLORIMETRIC method re- T ported for the determination of 
malathion [S- [ l.Z-bis(ethoxycarbony.1)- 
ethyl]O,O-dimethyl phosphorodithioate] 
residues in plant and animal tissue 
(2. 3) has been adapted successfully to 
cottonseed from Jvhich edible oil is to be 
extracted. The residual malathion is 
removed from the pulverized cottonseed 
by Soxhlet extraction \vith hexane. I t  is 
extracted from hexane into acetonitrile. 
Ivhich is treated with acid-washed 
alumina to remove interfering colored 
components. The malathion is ex- 
tracted from an aqueous acetonitrile 
solution into carbon tetrachloride and 
analyzed b) a procedure similar to the 
above-mentioned method. 

The applicability of the method has 
been tested by analyzing cottonseed 
samples fortified with known amounts of 
the insecticide (Table I ) .  

Procedure 
Reagents. Acetonitrile, commercial 

grade. Keutralize with glacial acetic 
acid, if alkaline. 

.4lumina, acid-washed powder. Heat 
1 pound of aluminum hydroxide powder 
(Baker and Adamson No. 1233) in a 
large porcelain dish for 8 hours at 
400' C. Cool. then slurry with 750 ml. 
of 1S aqueous hydrochloric acid and stir 
for 15 minutes. Decant the supernatant 
liquid and repeat the acid treatment 
twice. Filter off the solid alumina using 

1 Present address, Olin Mathieson Chem- 
ical Corp.. New Haven. Conn. 

suction, wash with water until free from 
acid, and then wash three times with 
150-ml. portions of methanol. Dry in a 
large. open dish. overnight, in an oven 
at  100' C. Store in stoppered glass con- 
tainer. 

Prepare other reagent as in the colori- 
metric method (2). 

Apparatus. Alumina column. 
Place a cotton plug at  the bottom of an 
ordinary 50-ml. buret cut off at  the 30- 
ml. mark, apply a slight vacuum at the 
bottom. and pour in dry. acid-washed. 
alumina powder to give approximatelv 
a 7-inch column. Place a cotton plug on 
top and pass 50 ml. of acetonitrile 
through the column at the rate of about 
5 ml. per minute. Withdraw the aceto- 
nitrile until the level reaches about 2 cm. 
above the alumina and the column is 
ready for use. 

Soxhlet extraction apparatus. large 
size with 7 x 23 8 inch paper thimbles. 

Calibration Curve. Prepare the cali- 
bration curve as described (2) for meat. 
fat. etc. but use aliyuots of 0, 0.5, 1, 3 .  
8. 10. and 15 ml. of the standard solu- 
tion. 

Extraction a n d  Determination of 
Residues. Pulverize a 200-gram sample 
of ginned cottonseed in a suitable appa- 
ratus. (Blending dry in a LVaring 
Blendor is suitable for pulverizing 20- 
gram portions at  a time.) Extract the 
finely divided seed for 6 hours. using a 
Soxhlet apparatus with about 350 ml. 
of n-hexane (commercial) and a solvent 
distillation rate of about 45 ml. per 

Table 1. Recovery of Malathion 
from Cottonseed 

sample, Malathion, P.P.M. 

100 0 0,015 
200 0 0,015 

0 0.025 
n 0 010 

Grams Added Founda Recovery, 70 

0 08 0 05 63 
0 08 0 04 50 
0 15 0 10 67 
0 15 0 12 80 
0.15 0 12 80 
0 30 0 22 73 
0 30 0.21 70 
0 30 0 20 6- 
0 73 0 64 88 
0 73 0 60 82 
0 9' 0 86 89 
1 .14  0 . 9 7  85 
2.27 2.03 89 

100 4.53 4 .23  93 
Results on spiked samples arc corrected 

for "apparent" malathion found in un- 
treated control samples. 

minute. Filter the hexane extract 
through a fluted paper; place it on a 
steam bath, and concentrate to 300 ml. 
with the aid of a jet  of air. Cool and 
transfer the solution to a 500-ml. separa- 
tory funnel with the aid of 50 ml. of n- 
hexane. Add 50 ml. of acetonitrile. 
shake vigorously for 1 minute. then filter 
the lower acetonitrile phase through a 
fluted filter paper into a 400-ml. beaker. 
Repeat the extraction of the upper layer 
three more times with 50-ml. portions of 
acetonitrile and filter each portion into 
the beaker. Pass the combined aceto- 
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