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A procedure is described for the determination of organophosphorus pesticide residues
based on Schoniger flask combustion and colorimetric measurement of total phosphorus
Efficient conversion during combustion to products responding
to the chromogenic reactions is achieved by pretreatment of the paper sample holder

in the combustion products.

with sodium hydroxide in a water-alcohol solution.

Phosphorus is determined by a

molybdenum blue colorimetric procedure in which the absorbance of the colored product

is measured at 820 my.
plant extractives.
averaging 90%.

IN THE ANALvsis of treated crops for
pesticide residues, it is sometimes
advantageous for the determination to
respond to all of the pesticides of a par-
ticular type, such as those containing
chlorine, sulfur, or phosphorus. One
of the more convenient approaches to
this problem employs combustion of the
sample (combustion tube furnace, Parr
bomb, Schéniger flask), followed by
determination of the combustion prod-
uct. Cleanup requirements are often
less demanding since most interfering
extractives do not survive the combustion
step. There are numerous literature
citations for residue methods using vari-
ous combustion techniques for organo-
chlorine and organosulfur pesticides, a
few of which are listed here (7, 7-9,
73,74, 79, 20).

Although references to the determina-
tion of phosphorus in various organic
materials by Schéniger flask combustion
have appeared in the literature (2, 6, 77,
72,175,176, 718, 27, 22, 25), there has been
only one specialized reference to the use
of this technique in determining organo-
phosphorus pesticide residues—that of
Cygon residues in hemlock (24). Several
excellent total-phosphorus pesticide resi-
due methods have been devised using
wet combustion techniques (4, 70, 77,
23), but these methods are time-con-
suming and require extensive cleanup.
It was therefore desirable to develop a
general residue procedure utilizing
Schoniger flask combustion for organo-
phosphorus pesticides on treated crops.

Method

Apparatus. All glassware and equip-
ment which come in contact with the
sample must be rinsed in distilled water
and acetone before use. Forceps should
be used to handle all small items of
apparatus which come in contact with
the sample.

Filtering funnels with coarse-porosity,
fritted-glass disk, 60-mm. and 20-mm.
diameter.

Hypodermic syringes, 10 ml. and 2 ml.,
each fitted with 6-inch, 20-gauge
needle.

Combustion flask, 1000-ml., Thomas-
Ogg-tvpe with detachable sample carrier
and § 35/25 ball-joint stopper.

Igniter, safety, Thomas-Ogg-type,
utilizing infrared beam igniter.

Kuderna-Danish evaporative concen-
trator (Kontes Glass Co., Vineland,
N. T,

Colorimeter or spectrophotometer re-
sponding at 820 mu.

Reagents. All reagents are reagent
grade unless specified otherwise.

Chloroform. Use any grade which
does not contribute to the reagent blank
when 200 ml. is evaporated to dryness.

Hyflo Super Cel diatomaceous earth
(available from Johns-Manville).

Nuchar C-190-N activated vegetable
carbon, unwashed (Industrial Chemical
Sales, Division West Virginia Pulp and
Paper Co., Covington, Va.). If puri-
fication to eliminate phosphorus is re-
quired, use procedure of Bertheux {3).

Attaclay attapulgus clay (Minerals
and Chemicals Philipp Corp., Menlo
Park, N. J.).

Adsorbant mixture. Thoroughly mix
two parts Attaclay attapulgus clay with
one part Hyflo Super Cel diatomaceous
earth.

Acetonitrile, diluted with 109, water.
Acidify with a drop of glacial acetic acid
and saturate with hexane.

Combustion paper. Schoniger sam-
ple holders, A. H. Thomas No. 6471-F.

Sodium hydroxide solution. Dissolve
2.5 grams of sodium hydroxide in 10
ml. of water, add 1 ml. of propylene
glycol, and dilute to 100 ml. with
methanol.

Ammonium molybdate solution. Dis-
solve 4 grams of (NH;)sMo;O.y-4H,O
in water and dilute to 100 ml.

ANSA reagent. Add 0.25 gram of 1-
amino-2-naphthol-4-sulfonic acid to 100
ml. of freshly prepared 159 sodium
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Simple procedures are described for the removal of interfering
Sensitivity of 0.1 p.p.m. is attained with recoveries from several crops

bisulfite solution with mechanical stir-
ring. After 15 minutes of stirring,
add 0.5 gram of anhydrous sodium
sulfite; then after 5 minutes of addi-
tional stirring, filter and store at room

temperature in a brown bottle. Prepare
fresh weekly.
Procedure. Creaxuvr. Dry 200 ml

of a chloroform solution containing the
extractives from 100 grams of a substrate
by shaking with 3 to 10 grams of an-
hydrous sodium sulfate, then add 6
grams of activated carbon and 8 grams
of adsorbant mixture, and mix thor-
oughly. Filter the chloroform solution
through a 5-mm. pad of diatomaceous
earth in a 60-mm., fritted-glass funnel,
and wash with 100 ml. of fresh chloro-
form. Evaporate the clear solution to
dryness in a Kuderna-Danish evapora-
tive concentrator on a steam bath.

With many substrates, the residue is
ready for combustion at this point;
however, if the residue contains a con-
siderable quantity of waxes or oils, a
partition cleanup s required. This
procedure consists of heating the residue
in the Kuderna-Danish concentrator
tube with 4 ml. of aqueous acetonitrile
until either complete solution is achieved
or a finely divided suspension results.
If necessary, filter the cooled suspension
through a 3-mm. pad of diatomaceous
earth in a 20-mm., fritted-glass funnel;
wash with a 4-ml., and then with a 2-ml.,
portion of fresh acetonitrile. Combine
the acetonitrile solutions and wash with
4 ml. of hexane; then transfer the lower
acetonitrile phase to a clean tube by
means of a hypodermic syringe. Ex-
tract the hexane solution with two 1-ml.
portions of fresh acetonitrile, combine
the acetonitrile solutions, and evaporate
to dryness. Dissolve the residue in 0.2
ml. of chloroform.

CoMsusTioN. Dip a combustion paper
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Tablel. Effect of Various Treatments

of the Combustion Paper on the

Efficiency of Combustion Conver-
sion of Cygon to Phosphorus

Pentoxide
Phosphorus, ug. )
Re-
Theore- covery,
Treatment Found tical o
None 2.50, 2.24, 4.34 58, 52,
2.30 53
NaOH in 3.95, 3.55, 4.34 91, 82,
methanol 3.42, 79,
3.42 79

NaOH in meth- 2.37,2.50 4.34 55, 56
anol, exposed
to CO; atmos-
phere while
moist

NaOH in 109 4.21,4.34 4.34 97,100
agqueous
methanol

sample holder into the alcoholic sodium
hydroxide solution; then suspend it in
a current of heated air. Immediately
transfer the chloroform solution of the
residue to the combustion paper by
means of a micropipet, using two 0.2-ml.
portions of fresh chloroform to aid the
transfer. Place the folded combustion
paper in a platinum cup and suspend
in a Schiniger flask containing 10 ml. of
0.75N sulfuric acid solution. Displace
the air in the flask with oxygen and ignite
the paper by means of the infrared
igniter. After 1 minute, shake the
flask so that the acid solution thoroughly
wets all of the inner surfaces of the
flask and the platinum basket to absorb
the phosphorus combustion products,
and transfer 7 ml. of the acid solution
to a 10-ml., calibrated test tube.

CoLoRIMETRY (23). Add 1 ml. of 6N
sulfuric acid solution to the phosphate
solution and mix well. Then add, in
order with mixing, 0.4 ml. each of am-
monium molybdate solution and ANSA
reagent. Dilute the solution to 10 ml.
with water and heat at 100° C. for 12
+ 2 minutes. Cool, and determine
absorbance at 820 mu in a colorimeter
or spectrophotometer, using water to
set the instrument.

Discussion

Gedansky et al. (72) clearly demon-
strated the necessity for an oxidizing and
fusing medium in the combustion zone
to achieve high recoveries of phosphorus
by the combustion technique, The use
of anhydrous sodium carbonate as
recommended by these workers proved
inconvenient for the techniques used in
this study; therefore, an alternative
medium was developed in which the
combustion paper was dipped into an
aqueous alcoholic sodium hydroxide
solution prior to application of the sam-
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Table IIl. Background Valuves and
Recoveries of Several Organophos-
phorus Pesticides from Various

Substrates
Organo- Re-
phosphorus Added, covery,®
Pesticide Found,® P.P.M. P.P.M. “%
ALFALFA
Cygon 0.06 %= 0.022 0.00 ...
0.09,0.10 0.10 90,100
0.17,0.20 0.19 90,105
0.48,0.49 0.48 100,102
0.71 0.71 100
APPLE
Cygon 0.08 £ 0.02¢ 0.00 ...
0.17 = 0.00420.20 85 £ 2
Cygon oxy- 0.07,0.08 0.00 ...
gen ana- 0.30,0.29 0.39 77,74
log
Parathion 0.12,0.14 0.00
0.49,0.49 0.54 91,91
Orance PEeL
Cygon 0.10,0.10 0.00 ...
0.15,0.17 0.20 75, 85
Sucar BeeTd
Cygon 0.06, 0.07 0.00

0.20,0.20  0.20 100, 100

¢ Corrected for background of untreated
control samples.

b Based on four samples.

¢ Based on eight samples.

4 No partition cleanup was required.

ple. The effectiveness of this alkaline
treatment and the need for the water
in the alcoholic solution are illustrated
by the data in Table 1.

The colorimetric technique utilized
for this procedure is essentially that
described by Steller and Curry (23).
The sensitivity achieved by combining
this colorimetric method with the com-
bustion technique was 1.32 ug. of phos-
phorus per 0.1 absorbance unit, with
constant reagent backgrounds of about
0.3 ug. of phosphorus.

Application of the combustion-colori-
metric procedure to the determination in
apples of several organophosphorus pesti-
cides of widely differing polarity and of
Cygon (trademark, American Cyan-
amid Co.) insecticide in a variety of
crops vyielded the data presented in
Table II. Efficiency of extraction of the
organophosphorus pesticides from these
crops was not evaluated. Background
values for untreated crops were 0.1 p.p.m.
or less in all cases, allowing a practical
sensitivity of approximately 0.1 p.p.m.,
with an over-all average of 90 £ 79,
exclusive of extraction.

As a general method for the determina-
tion of organophosphorus insecticides in
plant tissues, this procedure has advan-
tages over older procedures of simplicity
and economy of operator time, consum-
ing about 3 hours for four samples.
Further, it should be readily adaptable
for use with paper (5) or thin layer
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chromatography, thereby introducing a
considerable degree of specificity while
retaining its general applicability for a
variety of pesticides and crops.
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