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An extraction procedure for chlorinated hydro- 
carbon insecticides gives high quantitative yields 
from several distinctly different tissues (plasma, 
liver, breast muscle, and brain). Recoveries of 
added insecticides ranged from 84.1 to  100.3 %. 

Recoveries of p,p'-DDD were somewhat lower, 
ranging from 78.7 to  83.2%;. With the excep- 
tion of neutral fat and glandular oils, this method 
is applicable to a variety of tissues and to  a num- 
ber of insecticides. 

Many of the cleanup procedures developed for the 
extraction of chlorinated hydrogen insecticides are ex- 
cellent for separation from one particular tissue. Poor 
recoveries are often obtained when the methods are ap- 
plied to  a variety of different tissues such as blood, liver, 
kidney, skeletal and smooth muscle, and brain ( I ,  4,5) .  
A recovery procedure is not ideal unless it is broad 
enough in scope to  be applicable to  a wide range of 
biological materials and to a number of insecticides and 
their degradation products and metabolites. The pres- 
ent report describes an extraction procedure which 
gives quantitatively high yields of seven commonly used 
insecticides from several tissues of adult roosters. 

Experimentul 

Apparatus. CHROMATOGRAPH. An Aerograph HyFI  
Model 600-D equipped with a n  electron-capture de- 
tector containing a 250-mc. tritium foil source (Varian 
Aerograph, 2700 Mitchell Drive, Walnut Creek, Calif.). 

RECORDER. An L & N Speedomax H, Model S, 
0 to 1 mv. (Leeds and Northrup Co., Toronto, Canada). 

COLUMN. Coiled borosilicate glass tubing, '/*-inch 
0.d. X 4-feet packed with acid-washed Chromosorb W 
60/80-mesh coated with 4 %  G.E. SE-30 methyl silicone 
and 6 %  D.C. QF-1 fluorosilicone. The column was 
prepared according to McCully and McKinley (5)  and 
was preconditioned at 225°C. for 24 hours before use. 

FILTERIXG FUNNELS, 150-ml. capacity, with medium 
porosity fritted disks; fitted with T vacuum adapters 
(Emerald Glass Co., Toronto, Canada). 

Reagents. Nitrogen, prepurified (Linde of Canada, 
Ltd., Toronto, Canada). 

Sodium sulfate, anhydrous, Analar grade (British 
Drug Houses, Ltd., Toronto, Canada). 

Polyethylene-coated alumina (Kensington Scientific 
Corp., Oakland, Calif., Catalog No. K-3209). 

All the solvents employed in this study were redistilled 
in glass a t  least once. n-Heptane was redistilled twice. 
Each redistilled solvent was checked for impurities prior 
to  use by the gas-liquid chromatographic analysis of a 
10-pl. sample. 
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A standard solution of insecticides in acetone was 
prepared from analytical grade chlorinated hydrocarbon 
standards so that each microliter contained 2 x 10-4pg. 
of heptachlor, aldrin, p,p'-DDE, and dieldrin, 2 X 
lOPpg. of o,p'-DDT, and pp'-DDT, and 1 x 10-3pg. 

Sample Preparation. Five grams of tissue were ho- 
mogenized with known amounts of the above standard 
solution in a n  explosion-proof Waring Blendor with 
45 ml. of acetonitrile, 15 ml. of acetone, and 5 grams 
of anhydrous sodium sulfate for 4 minutes a t  low speed 
and, subsequently, 2 minutes a t  high speed. The 
homogenate was then filtered under suction through a 
fritted funnel and the residue washed with two 10-ml. 
portions of acetonitrile. The filtrate was adjusted with 
sufficient distilled water to produce a n  acetonitrile- 
water ratio of 2.5 to  1 (see results). 

A slurry of polyethylene-coated alumina in aceto- 
nitrile-water (ratio 2.5 to  l )  was prepared and poured 
into a glass chromatographic column (20 X 400 mm.) 
to produce a packed column at  least 8 cm. in height. 
The acetonitrile-water extract of tissue was passed 
through the column and the column was subsequently 
washed twice with 35-1111. portions of a 2.5 to  1 aceto- 
nitrile-water mixture, and finally with 25 ml. of aceto- 
nitrile. The combined column eluates were transferred 
into a 250-ml. separatory funnel, 20 ml. of distilled 
water and 45 ml. n-heptane were added, and the funnel 
was shaken manually for 2 minutes. After separation 
of the layers, the lower (aqueous) layer was drained into 
another separatory funnel and re-extracted with 45 ml. 
of n-heptane. The upper (heptane) layers from these 
two steps were combined and filtered under suction 
through a fritted funnel containing 30 grams of anhy- 
drous sodium sulfate. 

The water-free n-heptane extract was concentrated 
to near-dryness by rotary flash evaporation at  38" C .  
The evaporation flask was rinsed with several small 
portions of acetone, these being transferred into a glass- 
stoppered graduated test tube. The solution was then 
either concentrated under a stream of nitrogen or 
suitably diluted for analysis. 

The operating conditions of the gas chromatograph 
were as follows : 
Column temperature 178" C. 
Injector temperature 200 c. 

of p,p'-DDD. 
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Range 
Attenuation 
Carrier gas 
Flow rate 
Chart speed 

EC 1 
8.0 
Prepurified nitrogen 
80 to  85 ml. per minute 
0.5 inch per minute 

Chromatogram Analysis. The most common pro- 
cedure for the quantitative evaluation of peaks in a gas 
chromatogram is the measurement of the area by trian- 
gulation. Under isothermic and isobaric conditions, 
it is acceptable to  take the peak height alone into con- 
sideration in the quantitation of a compound, provided 
the response of the detector is linearly related to  the 
quantity of compound, or, in the case of the Aerograph 
Model 600-D, the peak height does not exceed of 
the total standing current (2 ) .  For comparison, the 
chromatograms of 1 p1. of the standard insecticide solu- 
tion both before and after the injection of 1 11. of sample 
were compared. 

Insecticides were qualitatively identified by direct 
comparison of the retention times of the unknown in- 
secticides with those of the different standard com- 
pounds relative to  that of aldrin. 

Results and Discussion 

Separation on  the gas chromatographic column and 
retention times of various chlorinated hydrocarbons 
were comparable to  the results reported by McCully and 
McKinley (5) .  

A problem encountered with the organic solvents 
employed in cleanup procedures is the retention of small 
amounts of lipids in the final extract which appear on  
the chromatogram as “dirt” peaks and which readily 
contaminate the c’olumn and the electron-capture de- 
tector. The extraction of tissues with acetonitrile 
proved to  be no exception. A subsequent step in the 
cleanup procedure was required. 

Polyethylene-coated alumina is known to adsorb most 
fats and waxes, while insecticides can be eluted easily. 
1nse:ticide recover,y from a column of this material was 
thoroughly studied. Acetonitrile extracts of chicken 
liver treated with k.nown amounts of insecticide were di- 
luted with varying proportions of water and applied to  
the column. To assess the amount of background in- 
terference due to  contamination, untreated liver samples 
were processed in the same manner and the back- 
ground attenuation was measured. Figure 1 shows the 
per cent recovery of p,p’-DDE and contaminants as a 
function of the acetonitrile-water ratio. The best re- 
sults were obtained using an acetonitrile-water ratio of 
2.5 to  1. While ratios higher than 2.5 to  1 resulted in 
essentially 100% elution of the insecticide, a higher 
background level, -indicative of interfering material, was 
observed. For  optimal results, different insecticides re- 
quired slightly difyerent solvent ratios; however, the 
ratio adopted here represented a good compromise for 
all the chlorinated hydrocarbons studied with little 
background interference. 

Low yields of insecticides were obtained when the 
acetonitrile-water extracts were just filtered through the 
polyethylene-coated alumina columns. Quantitative 

Insect ic ide Recovery 
loot 

R A T I O  O f  bCETONITRILE : W A T E R  

Figure 1. Per cent recovery of y,p’-DDE and inter- 
fering material from chicken liver as a function of ace- 
tonitrile-water ratio as determined by gas-liquid chro- 
matography 
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0 Contaminants 
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Figure 2 .  Recovery of chlorinated hydrocarbon 
insecticides from a column of polyethylene-coated 
alumina by consecutive elution 

1. 
2. 
3. 25 ml. of acetonitrile 

35 ml. of acetonitrile-water, 2.5 to 1 
35 ml. of acetonitrile-water, 2.5 to 1 

yields were obtained by subsequent elution of the 
columnwith two 35-ml. portions of a 2.5 to  1 acetoni- 
trile-water mixture. Figure 2 illustrates the per cent re- 
covery with each washing of seven chlorinated hydro- 
carbons. The first two washings of the column yielded 
a recovery ranging from 70% for dieldrin to  86% for 
p,p’-DDT. A third washing with a small amount (25 
ml.) of pure acetonitrile improved the quantitative 
elution of the insecticides without a considerable in- 
crease in interfering material. Excessive washing with 
acetonitrile alone resulted in the removal of contam- 
inating lipids from the column. 

A series of controlled experiments was carried out 
on plasma, liver, breast muscle, and brain of adult 
roosters. Known amounts of the standard solution of 
seven chlorinated hydrocarbons were added to the 
sample in the Waring Blendor before homogenization. 
The extraction procedure described above was carried 
out and the final extracts were quantitatively analyzed 
by gas-liquid chromatography. The averaged results 
for each insecticide with each tissue, expressed as per 
cent recovery, are summarized in Table I. High 
quantitative yields were obtained for all the hydro- 

VOL. 15 NO. 1. JAN.-FEB. 1967 169 



Table I. Average Recovery of Chlorinated Hydrocarbon Insecticides from Control Studies of Tissues from Adult 
Roosters 

_ _ ~ ~  Per Cent Recovery i Standard Error ____ 
Iiisecticide Plasma Liver Breast muscle Brain 

Heptachlor 86.7 f 2.28 84.1 i. 1.79 93.4 =t 1 .45  93 .8  =t 1.32 
Aldrin 87.0 * 1.70 93.6 =k 1.47 90 .3  f 1 .85  92.4 f 1.60  
p,p’-DDE 100.3 f 0.41 98.8 f 0.32  99.5 * 0.32  98 .8  i 0.43 
Dieldrin 93.7 i 1.51 93.4 f 1.44  95.0 i 0.91 94.1 f 1.88 

91.6 i 1.45 o,p’-DDT 94.1 =t 1.72 93 .5  f 1.31 95.0 + 1.13  
p ,p  ’-DDD 83.2 i 1.46 80.9 f 1.10 83.2 + 1.29  78.7 =t 1 17 
/I,p’-DDT 94 .3  f 1.68 92 .8  =t 1.27 95 .5  f 0.84  90.9 f 1.49 

No. of individual 
tissue analyses 14 17 12 12 

Table 11. Minimum Detectable Levels for Insecticides 
Investigated 

Minimum Detectable 
Insecticide Level, P.P.M. 

Heptachlor 0.002 
Aldrin 0.002 
p,p’-DDE 0.005 
Dieldrin 0.005 
o,p’-DDT 0.006 
p,p’-DDD 0.005 
p,p’-DDT 0.006 

carbons. The lowest recovery from the tissues was 
observed for p,p’-DDD. The yields reported in Table 
I compare favorably with those reported in the litera- 
ture (3, 6, 7). This extraction procedure has the ad- 
vantage of being applicable to  a variety of different 
tissues and tr, a number of commonly used chlorinated 
hydrocarbons. In addition to the tissues reported 
above, quantitatively similar yields have been obtained 
for hydrocarbon residues in whole blood, kidney, gastro- 
intestinal smooth muscle, and cardiac muscle of a variety 
of avian specimens (unpublished results). 

Using the extraction technique, the instrument, and 
the operating conditions described, the lowest levels of 
the various insecticides which could be detected were 
determined and are summarized in Table 11. These 
values are based on the extraction of insecticides from 
sample sizes in the order of 5 grams of tissue or 5 ml. of 
plasma or blood resulting in a 2-ml. final volume of ex- 
tract and injecting l.0-pl. quantities into the gas chroma- 
tograph. The detection of smaller amounts is specula- 
tive, as the peaks become obscured by background noise. 

This method is not recommended for samples of 
neutral fat or glandular oils. The recovery of chlo- 

rinated hydrocarbon residues from the uropygial or 
“preen” gland of birds was far from satisfactory be- 
cawe of the high content of low molecular weight lipids 
(unpublished results). For  body fats and oils, the fat- 
precipitation method developed by McCully and Mc- 
Kinley (5) has proved ideal. 
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