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As a measure of the insecticide present, the chlorine content of chlorinated organic insecti- 
cides is often determined. A simple procedure has been developed for the partial or 
complete removal of the organically bound chlorine as chloride ion by the percolation of 
an acidified solution of the insecticide through a granulated zinc column. The fraction of 
the chlorine removed as chloride ion is a function of the molecular structure of the compound 
and is  a reproducible value for a given insecticide. The chloride ion liberated is deter- 
mined by potentiometric titration with silver nitrate. Applied to formulations and technical 
products, the procedure has a degree of specificity not available in analyses dependent on 
total chlorine determinations. 

ETHODS FOR CHLORISATED OR- M GANIC ISSECTICIDES are not al- 
ways available or readily applicable. 
All or a part of the organically bound 
chlorine is often determined as a measure 
of the amount of the insecticide present. 
Total chlorine niay be determined by 
direct combustion ( 7 )  or sodium reduc- 
tion (2! 3: 6 ) .  Partial-dechlorination 
methods generally depend on determin- 
ing the alkali-labile chlorine present in a 
molecule (1). 

A simple procedure is described here 
for removing all or a fraction of the 
chlorine, depending on the nature of the 
molecule, in a compound as chloride ions 
by slowly percolating a solution of the 
compound through a column of granu- 
lated zinc. 

Procedure 

A borosilicate glass column 
was made from tubing with Apparatus 

an outside diameter of 22 mm. and about 
415 mm. long. i\ stopcock \vas fused to 
the bottom of the tube. 

A Fisher Titrirneter was used for the 
potentiomrtric determination of chloride 
ion. 

.Acetone. XCS grade. rrdis- 
tilled. Reagents 

Acetic acid. glacial. 
Acetic acid, 1075 (v. /v .  water). 
Acetone-acetic acid wash. (Prepared 

by mixing 2 voliimes of acetone with 1 
volume of the 10%;; acetic acid.) 

Zinc, 20-mesh. 
Silver nitrate. 0.1 .T(standardized). 
Nitric acid. concentrated. 

The column in 
which dehalo- Column Preparation 

genation takes place is prepared b>- plac- 
ing a wad of glass \vool a t  the base of the 
22-mm. tubing. just above the stopcock. 
Two hundred grams of 20-mesh zinc, 
conditioned by leaching in 10yc acetic 

acid for 2 hours with occasional stirring, 
is poured into the column. Zinc adher- 
ing to the sides of the column is washed 
down with 107, acetic acid. The acid is 
drained until the liquid level reaches the 
top of the zinc. The column is then 
Mashed bvith tlvo successive 75-ml. por- 
tions of the Lvash solution and is ready 
for use. 

Unformulated 
I n s  e c t ic id  e .  Sample Preparation 

From 100 to 200 mg. of the chlorinated 
insecticide is placed in a 150-ml. Erlen- 
meyer flask and dissolved in 50 ml. of 
acetone; 25 mi. of the 10% acetic acid 
is then added. 

Formulated Dusts. *\ sample con- 
taining 100 to 200 mg. of insecticide is 
extracted with 20 ml. of acetone bv 
gentle refluxing on a steam bath for 10 
minutes. The residue is allowed to 
settle and the supernatant liquid decanted 
through a fritted-glass suction filter into a 
150-ml. Erlenmeyer flask. The extrac- 
tion is repeated three times. The  volume 
of the combined filtrates is reduced 
to 50 ml. on the steam bath and 
the solution is alloived to cool to room 
temperature. Then 25 ml. of lOYc ace- 
tic acid is added. 

Liquid Formulations. -4 sample con- 
taining 100 to 200 mg. of the insecticide 
is diluted to i0 ml. with acetone in a 
150-ml. Erlenmeyer flask and 25 ml. of 
10y6 acetic acid is added. 

The clear solution of 
the sample is poured Dehalogenation 

into the column and allowed to drip 
slowly into a 400-ml. beaker a t  a rate of 
flow such that the liquid level descends 
to the top of the zinc in approximately 1 
hour. The  rate of flow is regulated by 
means of the stopcock. The Erlenmeyer 
flask is rinsed with 25 ml. of the acetone- 
acetic acid Ivash and the rinse added to 
the column. The  same flow rate is 
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maintained. PVhen the liquid level 
again descends to the top of the zinc, an-  
other 50 ml. of \<ash is added, followed 
by a third wash of 75 ml. After this last 
addition the flow rate is increased by 
regulation of the stopcock so that the 
entire 75 ml. enters the zinc column in 15 
minutes. 

The result- 
ing quantity Chloride Determination 

of chloride ions is determined by a 
potentiometric titration (,5). T o  the 
eluate in the beaker, 75 ml. of distilled 
water and 5 ml. of concentrated nitric 
acid are added and the contents are 
titrated Lvith O.l.\- silver nitrate. The 
quantity of chloride ion found, corrected 
for the blank, multiplied by the appro- 
priate factor, gives the quantity of the 
insecticide in the sample. The  blank 
should be determined for each analysis by 
Freparing the same sample weight used 
in the analysis exactly- as described under 
sample preparation: then, without per 
colating the solution through the column, 
adding 150 ml. of wash solution, 75 r.1. 
of distilled water and 5 ml. of concen- 
trated nitric acid and determining the 
chloride ion. Conversion factors are ob- 
tained by analyzing, in exactly the same 
manner. 100 to 200-mg. samples of the 
pure materials. \'\-here mixtures occur, 
as in toxaphene and Strobane, the factor 
is obtained by averaging the results for 
several representative samples. This 
would not give an absolute value but 
\\.here no methods other than chloride 
are available this method is useful. 
Dividing the weight of the pure sample 
taken by the Xveight of chloride ions 
found, gives the conversion factor for the 
insecticide. 

Discussion 
Zinc has been used to form olefins by 

dechlorinating 1 >2-dihalides, to prepare 
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Table 1. Per Cent Chlorine Removable and Factors for Conversion of Milligrams of Chloride to Milligrams 
of Insecticide 

Materiala 

Lindane 

Technical BHC 

Methoxychlor 
Toxaphene 
Strobane 

p:p-DDT 
DDT 

Chlordan 

Heptachlor 

Aldrin 

Dieldrin 

Baver L 13/59 
DDVP 
Carbon tetrachloride 
Ethvlene dichloride 
DDE 
2,4-D 
2,4,5-T 

1 , l  -Dichloro-2,2-bis(p-chlorophenyl)ethylene 
2,4-Dichlorophenoxyacetic acid 
2,4,5-Trichlorophenoxyacetic acid 

Definition 

Gamma isomer of BHC (1,2,3,4,5,6-hexachlorocpclohexane) of 
not less than 99% purity 

1,2,3,4,5,6-Hexachlorocyclohexane, consisting of several iso- 
mers and containing 12 to 14y0 of the gamma isomer 

1.1 ,l-Trichloro-2,2-bis(p-methoxyphenyl)ethane 
Chlorinated camphene having chlorine content of 67-69 9; 
A terpene polychlorinate with a chlorine content of approxi- 

mately 667, (chlorinated a-pinene isomers) 
1 ~ 1,l -Trichloro-2,2-bis(p-chlorophenyl )ethane 
Commercially available dichlorodiphenyltrichloroethane! the 

principal constituent of which is 1 , l  ,l-trichloro-2.2-bis(p- 
chloropheny1)ethane 

1,2,4,5,6,7,8,8 - Octachloro - 3a,4,7,7a - tetrahydro - 4,7 - meth- 
anoindan 

l(or 3a), 4,5,6,7,8,8- heptachloro-3a,4,7,7a-tetrahydro-4,7- 
methanoindene 

Not less than 95y0 of 1,2,3,4,10,10-hexachloro-I .4,4a,5,8,8a- 
hexahydro-I ,4.endo,exo-5,8-dimethanonaphthalene 

Not less than 857, of 1,2,3,4,10,10-hexachloro-exo-6.7-epoxy- 
1,4,4a,5,6,7,8:8a - octahydro - 1,4 - endo,exo - 5;8 - dimethano- 
naphthalene 

0,O-Dimethyl 2,2,2-trichloro-l-hydroxyethylphosphonate 
Dimethyl 2,2-dichlorovinyl phosphate 

Per Cent Chlorine 
Chlorine 
atoms i n  
molecule Total 

6 73.1 

6 73 .1  

3 30 8 
ca. 8 67-69 
ca. 8 66 

3 5 0 . 0  

ca. 8 69.2 

7 66.5 

6 58.3 

6 55 9 

3 41.4 
? 32 1 
4 92 2 
2 71 7 
4 44.4 
2 32.1 
3 37.6 

Removable 

73.1  

73.1 

2 5 . 2  
42.5 
36.2 

2 5 . 2  

25.2 

1 9 . 7  

13 2 

12 4 

26.5  
0 

85.2 
0 
0 
0 
0 

Conversion 
factor 

1 367 

1 367 

3 963 
2 332 
2 760 

3 963 

3 963 

5 097 

- 600 

8 052 

3 776 

1 174 

a All compounds listed were purified samples except technical BHC, toxaphene. strobane, chlordan, and DDT, which were of necessity 
technical grade products. 

Table II. Per Cent of Insecticide in Commercial Formulations 
Found 

Formulation 
Total Zinc 

O n  l a b e l  chlorine reduction 

Toxaphene dust 25 0 22 7 
Toxaphene emulsion concentrate 60 0 60 2 
hlethoxychlor emulsion concentrate 25 0 26 2 
DDT emulsion concentrate 25 0 27 3 

2 3 . 4  
60 5 
2 5 . 8  
2 5 . 2  

cyclic compounds from alpha, omega- 
dihalides, and IO replace halogens by 
hydrogen (7). 

The  rate of chlorine removal will vary 
not only with the type of reaction but 
also with the group ad,jacent to any par- 
ticular chlorine atom. Under the de- 
chlorination conditions described. vinyl 
chlorides \vi11 not react-e.g.. DDT, 
2.4-D, and 2,4,5-T (Table 1)-because 
resonance stabilization makes the chlo- 
rine inert. Adjacent chlorines in ethyl- 
ene dichloride react slowly, if a t  all, but 
those in hexachlorocyclohexane are 
readily removed to form benzene. 

No detailed study was made of the 
reaction products other than the chlo- 
ride ion formed during the reaction. 
The  percolation time was long enough to 
give maximum consistent values ob- 
tained a t  room temperature using the 
procedure described. However, the 
chlorinated hydrocarbon insecticides in 
use today contain from two to eight 
chlorine atoms per molecule and the 
number of different kinds of molecules 
that may be formed, even from a pure 
compound, in the course of the dechlo- 

rination reaction may be man)-, and the 
probability of removing all the chlorine 
by this technique is rather poor. Hoiv- 
ever, the experimental conditions chosen 
are such that the over-all reaction yields 
reproducible empirical factors that can 
be used to correlate the quantity of 
chloride ions obtained from the chlo- 
rinated insecticide with the amount of 
that insecticide originally present. A s  in 
other methods depending on partial or 
total chlorine determinations, a qualita- 
tive knowledge of the chlorinated organic 
compounds present is necessary before 
any quantitative estimates can be made. 

The  recoveries of known amounts of 
insecticide were best for lindane where 
recoveries were within the range 100 j= 

0.2% and were poorest for chlordan 
where recoveries were within the range 
100 f Z.OYc. As a check on the 
method, the per cent chlorine removed by 
this procedure from the beta and delta 
isomers of benzene hexachloride and 
from toxaphene and Strobane was com- 
pared with that chlorine removed by 
refluxing for 2l/2 hours with 30-mesh 
zinc in glacial acetic acid. The zinc 

column dechlorinated the bcta and delta 
isomers completely \vhile only*BOYc and 
307,> respectively, of the chlorine \vas re- 
moved- by zinc in glacial acetic acid. 
The corresponding figures for toxaphene 
\vere 42.59; versus 34% and for Strobane 
3 6 . 2 7 ,  versus 31Cc. The higher figure 
in each case \vas obtained by the use of 
the zinc column. 

LVith the aid of the factors in Table I .  a 
number of formulated products were 
analyzed. Table I1 compares the results 
obtained from a government laboratory 
that checks the contents of the sample 
with the label claims, with those obtained 
by the standard sodium-isopropyl alco- 
hol total-chlorine method. 

The  data presented in Table I repre- 
sent the maximum per cent chlorine re- 
moved by this technique under the condi- 
tions described. Conditions Ivere chosen 
to ensure maximum accuracy and re- 
producibility and to minimize small dif. 
ferences in the reaction rates. However. 
by substituting less active metals such as 
iron, tin, or amalgamated zinc, and by 
using solvents with p H  values closer tg 

neutrality, it is possible to bring out fine 
distinctions that in special cases may be 
useful. 

Different conditions of p H  and column 
material will affect the relative rate of 
dechlorination. As an example, the 
various isomers of hexachlorocyclohexane 
react quantitatively with granulated zinc 
and 1Oyo acetic acid, as described in the 
procedure. For the purpose of this study 
drastic conditions were selected in order 

38 A G R I C U L T U R A L  A N D  F O O D  C H E M I S T R Y  



to obtain maxirnum dechlorination. 
Hoivever, addition,d information may be 
gained by varying experimental condi- 
tions as shown in the following example, 
which illustrates the possibilities of the 
method. The chloride recovery for the 
different isomers from a 200-gram amal- 
gamated-zinc column and a solvent con- 
sisting of 2 parts of acetone to 1 part of a 
sodium acetate-acetic acid solution buf- 
fered a t  p H  4.8 was found to be as fol- 
lows: alpha 11.9, beta 0.9. gamma 99.5, 
and delta 0.9yG. The beta and delta 
isomers are practically inert, but de- 
chlorination of the gamma isomer pro- 
ceeds almost to completion. Unfor- 
tunately, the alpha isomer dechlorinates 
enough so that this method of analysis 
cannot be used for determining the 
Samma content of technical BHC. 

Conclusions 

The major advantages of the proce- 
dure outlined are extreme simplicity 
and a degree of specificity not available 
in analyses dependent on total-chlorine 
determinations. For example, toxa- 
phene may be determined in the presence 
of 2,4-D and 2,4,5-T? the D D T  content 
of a sample of D D T  containing DDE can 
be estimated rather readily. and any 
titratable chloride ion is a measure of 
contaminating materials in DDVP. 

The  method may perhaps be most 
useful for materials, such as lindane and 
technical BHC, that are completely 
dechlorinated, and for materials, such as 
toxaphene and Strobane, for which 
specific methods are not yet available. 

H E R B I  C I DE Et E S I D U ES 

Residues in Crops Treated with Isopropyl 
N-(3-Chlorophenyl)carbamate and 
Isopropyl N-Phenylcarbamate 
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The analytical method for the measurement of isopropyl N-(3-chlorophenyl)carbamate 
in experimental field plots is applied to grapes, tomatoes, carrots, sweet potatoes, straw- 
berries,, and peaches; peas were tested for isopropyl N-phenylcarbamate residue. 
Average recovery of added values of the herbicides to untreated crops was about 89% 
by this method. Results show that the harvested crops which had been treated with 
isopropyl N-(3-chlorophenyl)carbamate did not contain herbicidal residues in excess of 
0.05 p.p.m. which i s  the low sensitivity limit of the method. 

HE BIOLOGICAL ACTIVITY of isopropyl T ;\-phenylcark~amate (IPC) and iso- 
propyl .I- - (3 - ch1orophenyl)carbamate 
(CIPC) as selective weed control agents 
applied to agricultural crops has been 
studied extensively a t  universities and 
experiment stations throughout the coun- 
try. I t  was necessary to analyze the 
treated crops to determine lvhether any 
residues of the herbicides remained a t  
harvest. Through the cooperation of 
the above agencies. samples of treated 
and untreated crops were harvested 
without delay and shipped to the 
Barberton Laboratory of Colunibia- 
Southern Chemical Corp., where the 
residue analyses ivere conducted. 

Residue analyses were made of cer- 
tain agricultural food crops, \vhich were 
treated a t  some stage during growth or 
maturity with either CIPC or IPC. 

A method for determining micro 
amounts of IPC in lettuce, reported by 
Bissinger and Fredenburg (7 )>  served as 
the basis of a method proposed by Gard 
and Rudd (3) fix determining trace 
amounts of CIPC in crops and soils. I n  
1954. Gard, Pray. and Rudd (2) pre- 

sented residue analyses of selected crops 
grown in treated soil. lvhich included 
head lettuce, sugar beets (roots and 
foliage), onions. cotton seeds, peanuts, 
and spinach. These analyses indicated 
net residue values ranging betiveen 0.00 
and 0.03 p.p.m. of CIPC. ivhich were 
actually below the 101v sensitivity level of 
detection by the method. The present 
tvork extends application of the Gard- 
Rudd method to grapes, tomatoes: car- 
rots: sweet potatoes. stra\\.berries> and 

peaches. Also, analyses are presented 
which demonstrate application of the 
method to IPC residues in shelled peas. 

The analytical method (3) \vas shoxn 
previously to have an  average recovery 
of 90% when the herbicide was added in 
the range of 0.05 to 0.5 p .p .m.  of CIPC: 
and a precision, based on 955; confidence 
limits, determined by statistical methods, 
of 3~0.016 p.p.m. of CIPC.  Present 
experiments in the testing of additional 
crops sustain this degree of recovery. 

Table 1. Recovery of Isopropyl N-Phenylcarbamate from Peas 

-. - IPC Found Red light 
IPC A d d e d  Tronrmitfance, Total N e t  

0.000 0.000 81 0 .0078 0.039 . .  . .  
0 coo 0.000 85 0.0020 0,010 , . . . .  
0 .000  0.000 83 0.0038 0.019 . . ,  

0.010 0 050 : i  0.0130 0.065 0,042 84 
0.010 0.050 

0 .020  0.100 68 0.0244 0.122 0.099 99 
0.020 0.100 65 0,0302 0,151 0.128 128 
0.030 0.150 68 0.0244 0.122 0.099 66 

M g .  P.p.m. % M g .  P.p.m. P.p.m.‘  % recovery 

74 0.0168 0.084 0:06l 122 -- 

‘l Net recovery calculated after deducting an average correction of 0.023 p.p.m, due to 
interference found in untreated crop. 
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