
RESIDUE DETERMINATION 

R. D. STEVENS and 

A procedure is  presented for determining nanogram quantities of Bidrin as iodoform in 
crop samples. Extraction and cleanup were accomplished by blending cabbage in 
methylene chloride with activated charcoal and magnesium sulfate. Interfering ex- 
tractables were removed with sodium bisulfite. Iodoform, produced from the reaction 
of Bidrin with sodium hypoiodite, was extracted into petroleum ether and analyzed by gas 
chromatography with an electron capture detector. Bidrin residues were detected on 
crop extracts at concentrations as low as 0.01 p.p.m. in 1 00-gram samples. 

LECTROX CAPTL’RE (EC)-gas-liquid E chromatography (GLC) is rou- 
tinely applied in determining many 
chlorine-containing pesticides. Ho\v- 
ever. some organophosphorus and many 
of the carbamate pesticides do not 
exhibit sufficient electron-capturing 
capacitl; to permit direct analysis in the 
parts-per-million range. For certain 
pesticides, modification of the basic 
struct:ire folloived by EC-GLC may 
prove superior to o i  her procedures jvith 
respect to specificity and sensitivity in 
residue analysis. Such modification 
\\.odd involve addition of one or more 
appropriately electronegative atoms to 
the pe<ticide structure or some fragment 
thereof. Ideally the modification prod- 
uct \vould constiture a single, stoichio- 
metrically related compound ivhich 
\ \ -odd respond to electron capture in a 
manner sufficiently different from re- 
sidual cxtracts of plant and animal 
origin as to not be masked: reinforced, or 
in any way altered by interferences. 

Previous investigators ( 7 )  found Bidrin 
[3  - (dimethoxyphosphin>-loxy) - S, .Y- 
dimethyl - cis - cr~stonamide] and di- 
brominated derivatives of Bidrin to be 
unstable to gas-liquid chromatography. 
The aurhors found it possible to chro- 
matograph and detect quantities equal 
to or greater than 300 nanograms of un- 
reacted technical Bidrin. Hoxvever, 
when 1 mg. of Bidrin \vas added to 100 
grams of cabbage, it \\,as impossible to 
distinguish the response due to Bidrin 
from the crop background and at- 
tempts to improve cleanup did not 
alleviate this difficulty. 

Bidrin can be dttected in crops and 

animal products using the acetylcho- 
linesterase inhibition procedure. Ho\v- 
ever, this method lacks specificity and, 
therefore, is not generally considered 
suitable as an enforcement technique for 

Recently, a colorimetric method ( J )  
\vas presented for analyzing as little as 
0.02 p.p.m. Bidrin in the presence of 
benzene-extractable substances from 
various crops. This colorimetric method 
is specific for dialkylamines. Therefore, 
the reported highly toxic metabolites 
(3)-3 - (dimethoxyphosphinyloxy) - .Ir- 
methyl - cis - crotonainide (SD 9129), 
3 - (dimethoxyphosphinyloxy) - .l’ - 
hydroxymethyl - cis - crotonamide, and 
3 - jdimethoxyphosphinyloxy) - cis - 
crotonamide-formed from Bidrin as the 
result of oxidative Al’-dernethylation, are 
not detected. 

The electron capture-GLC procedure 
described, in \\-hich Bidrin is converted 
to iodoform, is sensitive to 0.01 p.p.m. 
Bidrin, and to its .\-substituted de- 
methylated metabolites as \\-ell. This 
method is specific for methyl-vinyl 
phosphates and is? therefore, more 
selective than the anticholinesterase 
method. Related methJ-1-vinyl phos- 
phates currently in use \\-hich can be 
detected by the described iodoform 
method are Phosdrin [3-(dimethoxy- 
phosphinyloxy) methyl - cis - crotonate] 
and Phosphamidon [3-(dimethoxy- 
phosphinyloxy) - Al’,.\T - diethyl - 2 - 
chlorocrotonamide]. 

The procedure reported here is based 
on the iodoform reaction which is 
specific for the methyl ketones, ethanol, 
and secondary alcohols oxidizable to 

methyl ketones. Thus, the following 
types of compound give the iodoform 
test: 

0 0 
I 

CHICH C H I C H I O H  C H d R  
OH 

CH3dHR 

The initial step in the iodoform re- 
action is formulated as involving forma- 
tion of the enolate anion (2) : 

0 0 
OHe 1 ,  

KC-CH”, -- I /  
RCCH? -2 

- H7O 
0 
I 

RC=CHr (1) 

Electrophilic attack on the anion follo\vs: 

0 3  0 3  

I I? 1 
RC=CI-I? --2 R-C--CH: - 

-1” a ,  
‘I‘  
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K-C-CI321 (2)  

Steps 1 and 2 are repeated producing the 
triiodo derivative which undergoes alka- 
line fiision: 

0 
I 

R-C-CI3 - r 1: I OH3 
RCCId --- 

0 
II 

R-C-03 f HCI3 ( 3 )  

hich iodoform is 
produced from Bidrin was not specifically 

The mechanism by 
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Figure 1 .  Representative chromatograms of Bidrin 

A. Without crop B. Plus cabbage extract 

investigated ; however, production of 
iodoform from Bidrin is consistent with 
the observation that Bidrin hydrolyzes 
first to h-,,\7-dimethylacetoacetamide and 
then is further cleaved to acetone ( 7 ) .  
The reaction would then be expected to 
proceed as formulated in steps 1 through 
3. 

Analytical Procedure 

Special Apparatus. A Jarrell-Ash 
Model 26-705 gas chromatograph 
equipped with a d.c. electron capture 
ionization detector and a 4-foot X lt '4- 

inch stainless steel column packed with 
5% DC-11 silicone grease on 80-100 
mesh Chromosorb W was used through- 
out the experimental work. Optimum 
linearity and reproducibility were ob- 
tained at  nitrogen flow rates of approxi- 
mately 140 ml. per minute and a t  a 
column temperature of 130' C. The 
detector and down-stream splitter were 
maintained at 210' C., and the injector 
was set a t  300' C. Thirty-eight volts 
was applied to the detector with the 
electrometer set a t  4 X 10-9 ampere. 

Procedure. Standard iodoform was 
prepared by treating 2 ml. of acetone 
with excess sodium hypoiodite. The 
resulting yellow solid (m.p. 130' C.) 
was collected by filtration, dried over- 
night, and recrystallized three times 
from boiling petroleum ether. 

When technical Bidrin was treated 
in exactly the manner described above, a 
yellow solid (m.p. 130' C.) was ob- 
tained. No change in melting point was 
observed when the two yellow solids 
were subjected to a mixed melting point 

Figure 2. 

determination. Additionally, both com- 
pounds had identical chromatographic 
retention times and exhibited a single 
peak of increased area when mixed and 
chromatographed simultaneously. 

Iodoform Analytical Curve. Iodo- 
form (0.1238 gram) was weighed into a 
tared flask and transferred with the aid 
of several portions of petroleum ether 
into a 100-ml. volumetric flask. The 
solution was diluted to the mark and 1-, 
2-, 3-, 4-, and 5-ml. aliquots were 
pipeted into separate 100-ml. volumetric 
flasks which were made to volume with 
petroleum ether. Each solution was 
further diluted 1 to 500. producing 
solutions in the 0.02 to 0.1 nanogram 
per pl. range. Typical iodoform chro- 
matograms are illustrated in Figure 2. 

Bidrin Analytical Curve. Bidrin 
(0.1000 gram) was weighed, transferred 
to a 100-ml. volumetric flask, and 
diluted to volume with distilled water. 
Aliquots, 1- to 5-ml., were pipetted into 
separate 50-ml. reaction flasks, and 
treated with 1 ml. of 10% sodium hy- 
droxide followed by 10 ml. of 0.5.V 
iodine-potassium iodide reagent. Each 
flask was fitted with a Snyder condenser 
and heated at  reflux for 15 minutes. 
After the solutions were cooled and the 
iodine color had been removed by addi- 
tion of a few drops of 10% sodium 
hydroxide, the reaction mixtures were 
transferred to 125-ml. separatory fun- 
nels. The aqueous phases were ex- 
tracted with 50- and 25-ml. portions of 
petroleum ether. Extracts of each re- 
action solution were combined, washed 
with 20-rnl. portions of 10% aqueous 
potassium iodide, transferred to 125-ml. 

L 
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Iodoform analytical curve 

Erlenmeyer flasks, and dried over 
approximately 5 grams of magnesium 
sulfate. \\Then the petroleum ether 
solutions were thoroughly dried, each 
solution was filtered through a small plug 
of cotton into a 100-ml. volumetric 
flask and then diluted to volume with 
petroleum ether. Additional dilutions 
of 1 to 500 and 1 to 100, respectively, 
produced solutions in the 0.02 to 0.1 
nanogram per pl. range. The Bidrin 
analytical curve (Figure 3) is linear 
between 0.1 and 0.4 nanogram and has 
the same slope as the iodoform analytical 
curve. Approximarel)- 84% theoretical 
yield of iodoform isas obtained. 

To each of five 
hfason pint jars were added 100 grams 
of finely chopped cabbage, 300 ml. of 
methylene chloride, 10 grams of Darco 
G-60 activated carbon, 30 grams of 
anhydrous magnesium sulfate, and 0, 
200, 300: 400, and 500 f ig. of standard 
Bidrin. The samples were blended for 
10 minutes, and the resultant macerates 
filtered through Celite 345. Extracts 
\sere transferred to 125-ml. Erlenmeyer 
flasks containing 15 ml. of 407, sodium 
bisulfite. All flasks were equipped with 
Snyder condensers, and the reaction 
mixtures were refluxed for an additional 
10 minutes following evaporation of all 
the methylene chloride. When the 
solutions had cooled, they were trans- 
ferred to 125-ml. separatory funnels and 
extracted with 30- and 20-ml. portions 
of methylene chloride. The methylene 
chloride extracts were combined and 
transferred to 125-ml. Erlenmeyer flasks 
to Tvhich had been added 1 ml. of 4N 
sodium hydroxide and 10-ml. of 0.5.V 

Bidrin Recovery. 
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Figure 3. Bidrin recoveries from cabbage extracts 

iodine-potassium iodide solution. These 
solutions vere  heated to reflux until all 
methylene chloride had evaporated and 
then stirred for an additional 10 minutes 
\\ithout further hea.ing. The reaction 
solutions \vere returned to 125-ml. 
separatory funnels and extracted with 
50- and 25-ml portions of petroleum 
ether. Each petroleum ether solution 
was made to 100 ml. and further diluted 
1 to 50 ui th  petroleum ether, producing 
solutions in the 0.04 to 0.10nanogramper 
p1 range. X 10-pl Hamilton syringe 
was used to iriject each 5-pl. sample into 
the gas chromatograph. 

up step. negligible instrumental back- 
ground attributable to the crop extract 
was detectable in the rvorking range of 
this procedure. In Figure 3, the shorter 
of the peak pairs covering the range of 
0.1 to 0.4 nanogram represents a point 
on the reacted Bidrin recovery (\\ith 
crop) curve. Each second peak is a 
point on the reacted Bidrin analytical 
(no crop) curve. Per cent recovery 
values i2-ere computed from relative 
peak heights, and these data are pre- 
sented in Table I. The Bidrin (iodo- 

Results 

Figure 1, .4 and L1. are representative 
chromatograms of 3CIO nanograms of un- 
reacted Bidrin. Fi:;ure 1 A  illustrates 
unreacted Bidrin without crop; Figure 
1B shows the background effect xvhen 3 
mg. of unreacted Bidrin \vas added to a 
100-gram cabbage extract equivalent 
tvhich had not been subjected to any 
prior cleanup. IVhen 0.1 to 0.5 mg. of 
Bidrin \vas reacted with excess iodoform 
reagent. a range of 83 to 85% of the 
theoretical yield of .iodoform, based on 
the iodoform analytical curve (Figure 2),  
\\-as obtained. 

After the raiv cabbage extract had 
been subjected to the described pre- 
liminary cleanup ivith activated char- 
coal, the colorless filtrate was treated 
Ivith sodium bisulfitc and then sodium 
h>-poiodite. Followirig this second clean- 

Table 1. Bidrin Recovery from 
Methylene Chloride-Extracted 

Cabbage 

Grams Pg. PSI. % 

Re- 
Sample, Added, Recovered, covered, 

100 0 0 
100 200 180 89 
100 300 270 91 
100 400 395 98 
100 500 450 90 

form) recovery curve rather than the 
standard curve was used to determine 
field residue data. 

Bidrin residue data selected from field- 
treated, replicated research plots are 
shown in Table 11. These results were 
obtained by the procedure previously 
described under Bidrin Recovery, in- 
cluding the final cleanup with sodium 
bisulfite and conversion of Bidrin to 
iodoform. Following a 0.25-pound 
active per acre application, the Bidrin 
residues on cabbage decreased from 8.4 to 
3.6 p.p.m. in one week. IVhen the 
dosage rate \vas increased to 0.50 
pound of active Bidrin, the initial resi- 
dues \+'ere 14.0 p,p.m. and decreased to 
6.0 p.p.m. after 7 days of weathering. 

Discussion 

Since Bidrin could not be determined 
directly in the presence of crop extract- 
ables, it was necessary to develop a ne\\ 
analytical approach. Simple addition 
of bromine across the double bond pro- 
duced a compound that was not suffi- 
ciently stable for analysis by gas chro- 
matography. At column temperatures 
of less than 160' C., no response was ob- 
tained in 30 minutes after injection 
of the dibromo derivative. At tempera- 
tures higher than 160" C., the dibro- 
minated compound decomposed on the 
column. 

Bidrin reportedly ( 7 )  undergoes the 
Zeisel reaction as formulated belou : 

Bidrin -- 2CH3I + CHzCCH:, + HI 

H20 I '  
0 

COS + HN(CH3)i f Hap04 (4) 

HOM ever, when Bidrin was treated with 
aqueous hydrogen iodide, a very com- 
plex mixture of hydrolytic products 
which could not be quantitatively re- 
lated to the parent compound resulted. 

In a preliminary investigation, con- 
version of Bidrin to iodoform occurred 
rapidly. Iodoform, in addition to being 
detectable in subnanogram quantities, 
can be chromatographed a t  column tem- 
peratures as l o i ~  as 110" C. The effect of 
crop impurities on the quantitative 
nature of the reaction proved trouble- 
some. An extract from 100 grams of 
cabbage check I\ as treated with sodium 
hypoiodite and a positive iodoform re- 
sponse \vas obtained; however, when the 
extract was refluxed with excess sodium 
bisulfite, prior to treatment \vith iodo- 

Table II. Bidrin Residues on Cabbage Determined as Iodoform, P.P.M. 
lb. Active Field Interval Since lost Application, Days 
per Acre Replication 7 Day 3 Days 7 Days 

0 25 A 8 . 6  5.9 3 . 4  
B 8 . 1  5 . 4  3 . 7  
Av. 8 . 4  5 7  3 6  

0 . 5 0  .4 
B 
Av. 

14.2 
13.8 
14.0 

9 . 8  
9 . 2  
9 . 5  

6 .1  
5 . 8  
6 . 0  
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form reagent, no iodoform response was 
observed. Bidrin was unaffected by 
similar treatment with sodium bisulfite. 

Increasing the sensitivity of Bidrin or 
its derivatives to EC detection was the 
primary objective of this research. This 
was accomplished by converting Bidrin 
to iodoform which was approximately 
3000 times more responsive to EC detec- 
tion than Bidrin. 

A second objective, the development of 
a suitable and practical cleanup pro- 
cedure was accomplished by conversion 
of Bidrin to iodoform resulting in no 
discernable background from cabbage 
extracts (Figure 3). 

To  date, proposed tolerances for 
Bidrin on several crops are under FDA 
consideration. I t  is anticipated that a 
tolerance of 1.0 p.p.m. will eventually 
be requested on leafy crops such as 
cabbage. Therefore, no attempt was 
made to analyze for crop residues at  the 
0.01-p.p.m. level, although data from 
spiked crops indicated that field residues 
at  this level could have been determined. 

The described iodoform procedure 
should be readily adaptable to routine 
analysis. Cleanup for 12 crop extract 
samples should not require more than 
4 hours and conversion to iodoform plus 
preparation prior to injection, not more 
than an additional 2 hours. The iodo- 

Colorimetric Determination of Abate 
Residues from Several Environmental 

form retention time ( 1 * / 2  minutes com- 
pared with 12 minutes for Bidrin under 
the described conditions) is sufficiently 
short to allow determination of 12 
samples in 2 hours and, therefore, a 
dozen or more Bidrin samples could 
be analyzed in a normal norking day. 
Unlike Bidrin, iodoform produces well- 
defined and symmetrical chromatograms 
which makes possible a direct relation- 
ship beheen  peak heights and quantity 
of pesticide injected. 

Of the common solvents investigated, 
methylene chloride consistently produced 
the highest recovery values for extracting 
Bidrin from cabbage. Hexane. acetone, 
and isopropyl alcohol were unsuitable 
because Bidrin selectively partitions 
from hexane into water, whereas acetone 
and isopropyl alcohol undergo the iodo- 
form reaction. In the extraction step, 
magnesium sulfate was added to remove 
water from the macerate and, thereby, 
reduce the amount of Bidrin lost to the 
aqueous phase. Activated charcoal was 
added directly to crop samples, which 
were then blended and filtered through 
Celite producing a colorless filtrate. 
\Vhen the identical macerate, minus 
charcoal. was chromatographed on a 
charcoal column, plant pigments passed 
through the column with the eluent. 
Addition of charcoal before blending 

ROGER C. BLINN and N. ROBERT 
PASARELA 
Agricultural Division, American 

proved to be more convenient as well as 
more effective than column chromatog- 
raphy in the cleanup. 
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i RESIDUE DETERMINATION 

Conditions Cyanamid Co., Princeton, N. J. 

A colorimetric method for residues of Abate insecticide, O,O,O’,O’-tetramethyI-O,O’- 
thiodi-p-phenylene phosphorothioate, is  based on i ts  hydrolysis to 4,4’-thiodiphenol and 
subsequent determination at 485 mp after reaction with 4-aminoantipyrine and periodate. 
Procedures are described for natural waters, mud, oysters, rice grain, and rice foliage. 
Recoveries and apparent Abate insecticide concentrations in control tissues are given. 

HE O,O,O’,O’ - tetramethyl - 0,O’-  T thiodi-p-phenylene ester of phos- 
phorothioic acid (I) (Abate insecti- 
cide, compound 52,160> American 
Cyanamid Co.) is registered for the 
large-scale control of mosquito lar- 
vae. Before this compound could be 
used commercially, data concerning its 
residual behavior in natural \vaters and 
adjacent mud were required for registra- 
tion purposes. Because of the possibility 
of exposure of oysters and rice during or 
following normal applications for 
mosquito control, information about 
residues on and in these tissues was also 
of interest. 

Since the validity of a residue method 
depends upon its response to major 
toxic metabolites as well as to the parent 

compound, preliminary studies \\ere 
conducted to investigate the extent and 
nature of metabolic degradation of this 
insecticide in simulated natural ivaters, 
mud, and bean plants. These studies 
showed evidence of only minor, if any, 
residues of postulated metabolic prod- 
ucts; therefore, an analytical method 
responding to parent Abate insecticide 
should allow a realistic residue evalua- 
tion. 

The analytical procedure used for the 
preliminary residue study incorporated 
thin-layer chromatography for separa- 
tion of Abate insecticide from postulated 
metabolic products and either infrared 
spectrophotometry or total phosphorus 
determination by Schoniger flask combus- 
tion for quantitation. These procedures 

possessed adequate sensitivity and speci- 
ficity for collecting the required residue 
data, but lvere not suited for mass-produc- 
tion efficiency so necessary for a large resi- 
due program. Abate insecticide and its 
hydrolysis product, 4,4 ’-thiodiphenol 
(11), possess low vapor pressure and lack 
of fluorescence, thus negating the utiliza- 
tion of the attractive features of vapor- 
phase chromatography and fluorescent 
spectrophotometry. Although Abate in- 
secticide does absorb strongly in the 
ultraviolet, the very difficult inherent 
cleanup problems of ultraviolet residue 
procedures made this approach un- 
desirable. 

Parent Abate insecticide does not 
possess chemical properties suitable for 
the more conventional colorimetric pro- 
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