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SUMMARY

The extraction of pyrethrins and synergists from water-base aerosol formula-
iions is fproved and simplified by the use of acetone in the extraction procedure.
The procednre minimizes interferences from extraneous substances previously en-
countcred i the subsequent analysis of the pyrethrins by gas chromatography.

INTROL:UCTION

The ma]orlty of cornmercml ingecticide formulations for household use are now
pa.ckaged in aerosol form which contain either ‘petroleum distillates or water as the
carrier for the.toxicants enclosed in the aerosol container. Water-base pressurized
products represent a large part of the present market for pesticide aerosols, because
of the economical advantage over petroleum-base mixtures!~%; However, they have
created a sampling problem in the analysis of the formulations for the active insecti-
cide ingredients. Emulsifiers- and corrosion inhibitors are usually included in the
water-base formulations, the former to produce a homogeneous mixture of active
and inactive ingredients, and the latter to protect the interior of the aerosol container.
Contrary to the petroleum distillate acrosol mixtures, the water-base formulations are
not wholly compatlble with the analytlcal procedure recently suggested for pyrethrm
analysesS,

Methods of sampling water—base aerosols by commercial laboratones have
included the following procedures

() The aerosol container is punctured, the volatile propellant is evapora.ted
the water fraction is removed via a rotary evaporator and the residue is examined

either by infrared spectrophotometry or by gas chromatography. The analyst, unless

~he s certain of the nature of the propellant, is advised to chill the contamer pnor to

' applmatlon of the puncture.
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(2) The aerosol container is opened, the entire contents are removed and exposed
to the laboratory atmosphere for a period of time; during this period, the emulsified
foamy matrix disintegrates and the entrapped propellant is completely dissipated.
The residue is dissolved in acetone and analyzed by gas chromatography. This proce-
dure is too lengthy and it may cause analytical errors, because of degradation and/or
volatilization of the active ingredients during the extensive exposure period to the
atmosphere

(3) Some laboratories have used biological a,ssay techniques mstead of chemical
analyses of formulations of this type. :

The above methods are tedious, time consuming, subject to error, or non-
specific for the active pesticide ingredients. A proposed method that circumvents
these problems and eliminates the formation of emulsions during the extraction
process includes the use of acetone to isolate the active pesticide components from
the water-base mixture for subsequent analysis, and is described in this paper.

MATERIALS AND METHODS

Gas chromatograph -

. An F &M Model 810 instrument with a flame ionization detector was used. The
column temperature was rgo° and the injector port and detector block temperatures
were 205°. The gas flow-rates were: nitrogen, 40 ml/min; hydrogen, 30 ml/min; air,
210 mI[m_m - The spiral borosilicate gas chromatograph column was 1/4 in. L.D. by

e 75mm
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I‘:g 1. Details of demgn for stainless-steel sampling tube,

Fig. 2. Method - of a,tta.chmg sampling tube to '1erosol contamers fitted with (A) & male-type
outlet and (B) a female type outlot ' .
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Fig. 3. Example of sampling aerosol container for sample analysis.

4. ft '. packed withrs % SE-30 silicone coated on Chromosbrb W, AW, DMCS, 6080
mesh A Leeds and Northrup Speedomax H recorder, T mV full-scale, chart speed
0.5 in,/min, was used. ‘

Chromatogmpmc colmnns for I‘ Flovisil cleun-uj:

The columns were 2o X 400 mm borosilicate glass with Ultramax stopcocks
and 250 ml reservoirs. »

U—tubss for aerosol samj)lmg

.The sampling tube was constructed from 1/8 in. 1D. stamless steel tubing
;(I‘:g 1). With a male-type aerosol outlet, a short piece of Tygon tubing is attached
between the stainless-steel tube and the aerosol outlet (Fig. 2A). With a female-type
outlet, the stainless-steel tube is inserted directly into the aerosol outlet (Fig. zB).

Hand pressure is applied to the assembly to release an allquot sample from the -aerosol
.container (Fi ig. 3). o . :
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Flovisil SRR L : o
This was 60-~100 mesh and was heated a.t :l:30° for :|:6 h prlor to use. -

Reagents

Anhydrous sodium sulfate ‘was hea,ted at 200° for 16 h prior to. use. Reagent

grade hexane, acetone and carbon dlsulﬁde ‘were d1st111ed in an all—glass system prior
to use. S ,

Pyrethrin and synergists standard solutwns ' Lol
‘Premium pyrocide (20 % pyrethrin‘assay), techmcal p1perony1 butomde (PBO)
MGK 264 (N-octylbicycloheptenedicarboximide, NOBD), Pyrocide’ ‘intermediate
No. 6788 (for formulated mixtures of. pyrethrin o. 25 %, p1perony1 butoxide 0.80 %
and MGK 264 0.40 %), and- X-2507-71 (emulsifier and corrosion inhibitor mtxture)
were kindly supplied by Mr. DEAN.C.. KassERA of the McLaughlin Gormley King Co.;
Minneapolis, Minn., U.S.A. Standard solutions in carbon disulfide were prepared
which contained o. 6 ug/ml of pyrethrln I (assuming.a x: I ratio of Py I-Py I in ‘the
Premium pyrocide), 1.2 ,ug/ml of PBO: a,nd 0.6 ;.eg/ml of NOBD. Aliquots:of 2. ;.ol were
used for gas chromatographic’ ana.lysm ‘With-a- gas ehromatograph settmg of. range
10 and attenuation 16, the lmeanty detector range was 0.2-2.2 ug for- pyrethrm -1,
0.6~5.6 ug for PBO and 0.6-1.8 ug for NOBD. The* minimum detecta.blhty was

approximately 0.06 ug for ea.ch of the three actlve cornponents at a range settmg of
10 and attenuatmn 2. s

Preparation of samples for analyszs; L Ly
The cap and spray head are removed frorn the a.erosol container.. The contalner
plus the sampllng tube (Fig. I) are’ welghed together. ‘The aerosol can is shaken v1gor-
ously for 1 min, the sa,mplmg*tube is 1mmed1a.tely attached to the’ outlet of the can,
the opposite end of the tube'i mmersed into'xoo ml of hexane contained in a 250 ml
pear-shaped separating funnél-and the tube i is depressed (Fig. 3) to’ dellver ‘approxi-
mately a 10 g sample into the hexane. The can is agam shaken’ ‘and a second ToO g
sample is added to the hexane, making a total of about 2o g of sample. The hexane-
pestlclde solution is quantitatively transferred to a 1-1 separatory funnel, using five
rinses of ‘T0.ml portions of acetone to effect the complete transfer. Distilled water
r(450 ml) and saturated aqueous sodium chloride solution (50 ml) are added, the funnel
is stoppered and shaken vigorously for 3 min with intermittent release of the stopper
to remove excess internal pressure. The organic and aqueous phases are allowed to
separate. The aqueous layer will resemble a soap solution owing to emulsifier in-
‘gredients extracted from the original sample. The aqueous layer is removed from the
funnel and discarded. Saturated sodium chloride solution (25 ml) is added to-the re-
mammg organic phase in the funnel, the mixtureis agitated gently and the two phases
are allowed to separate. The aqueous phase is removed and discarded. The organic
;phase i8 passed througha column (80 X 15mm) containing 5~I0 g of anhydrous sodium
isulfate, followed by several rinses of the column with 5 ml aliquots of hexane, and
fcollected in a ‘beaker. The solution is concentrated to about 50 ml on a warm steam
" bath:: alded by-a gentle' stream of air or nitrogen. The sample is cleaned up on-a Florisil
‘column as’ ‘previously: describedd.. The acetone ‘eluate from the: Florisil column is
eva.porated nearly to dryness by means of a stream of air. The residue is diluted to
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about 10 ml with carbon disulfide and passed through an anhydrous sodium sulfate
column; the eluate, plus several column washings of carbon disulfide, are made up to
a definite volume with carbon disulfide, and aliquots (2-3 ul) of the solution are
applied to the gas chromatograph for analysis.

.+ RESULTS AND DISCUSSION

o,

The experiments were designed to (1) determine the effect, if any, of the proposed
acetone technique on the recovery efficiency of each pesticide ingredient at three
different concentration levels (in the amounts ordinarily found in household formula-
tions); (2) determine what concentration within the acceptable range of analysis
might be significantly influenced by the use of acetone; and (3) determine the effect,
if any, of the proposed procedure on the quantitative recovery of one or more of the
active pesticide components in a mixed formulation containing the pyrethrins and
the synergists PBO and NOBD.

A series of recovery tests were made with the individual active ingredients
pyrethrin, PBO and NOBD. The pesticide component in each series was mixed with
deionized water, corrosion inhibitor, kerosene and surfactant mixture, simulating a
commercial formulation mixture, but with the omission of the propellant ingredient.
In the routine analysis of aerosol pesticide formulations, it is common practice to
remove the propellant ingredient prior to analysis. Therefore, the procedure applied
to the simulated commercial mixtures described herein are comparable to commercial
preparations at the time of analysis. The results of the tests are tabulated in Tables
I, IT and III.

TABLE L

PERCENTAGE RECOVERY OF PYRETHRIN TFROM SIMULATED COMMERCIAL MIXTURES CONTAINING
KEROSENE, DEIONIZED WATER AND CORROSION INHIBITOR

Propellant ingredient was not included in the mixtu;e.

DPyyethvin Pyrethvin Pyrethrin Recovery Average
concentration added recoveved (%) recovery
(%) (mg) (#ng) (%)
0.25 84.0 2,0 86 g2

68.0 65.0 06

76.0 72.0 95

61.0 56.0 02

70.0 63.0 9o
.30 754 73.0 97 95

' 754 73.0 97

754 72.0 95

754 72.0 95

75.4 70.0 o3
50 . .- 12600 . I21.0 o6 T 94
e 123.0 .. 1160 .94

124.0 ‘ 108.0 By

1450 1380 -1

1100 106.0 o6

J. Chvomatogy., 72 (1972) 51-39
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TABLE 11

PERCENTAGE RECOVERY OF PIPERONYL BUTOXIDE (PBO) FROM SIMULATED COMMERCIAL MIXTURES
CONTAINING KEROSENE, DEIONIZED WATER AND CORROSION INHIBITOR

Propellant ingredient was not included in the mixture.

PRO PEO "PBO Recovery  Auverage
concentvalion added vecovered {9 vecovery
(%) (#ng) (mg) (%) w
0.5 : . I00.9 92.3 o1 92
100.9 - 930 92 -
100.,9 g92.0 o1
100.0 . 93.0 02"
S 100.0 ' 93.0 92
0.8 169.6 166.0 o8 o5
: © 169.6 163.0 96
169.6 164.0 07
169.6 156,0 02
o 169.6 153.0 " go
.25 = - 252.0 © 2400 o5 04
] 252.0 235.0 93 :
252.0 239.0 © 95
252.0 239.0 g5
2520 234.0 03
'I‘ABLE III

FPERCENTAGE RECOVERY OF #-OCTYLBICYCLOHEPTENEDICARBOXIMIDE (NOBD) FROM SIMULATED
COMMERCIAL MIXTURES CONTAINING KEROSENE, DEIONIZED WATER AND CORROSION INHIBITOR

Propella,tit ingredient was not included in the mixture,

NOEBD NOBD NOBRD Recovery  Average
concentration  added recoveved {9%) recovery
(%) . = (mg) (mg) : (%)
0.4 80,5 74.0 9z : 93
80,5 76.0 94
8o.5 23.0 o1
8o.5 77.0 90
8o0.5 76.0 04
0.5 ‘ 100.4 102.0 a3 02
: 100.4 1060 a7
109.4 100.0 - ot
100.4 8.0 go
109.4 g8.0 Qo
1.0 ' 207.0 192.0 03 04
. 20%.0 109.0 a6
209.0 1920 93
2070 - 200.0 o7
207.0 1920 93

Pyroclde intermediate No. 6788 was used in another series of tests, simulating 4
a. commercml formulation mixture of pyrethrins 0.25%, PBO 0.80% and NOBD

0.40 %, and the mactwe 1ngred1ents descrlbed above. ’I‘he results of the tests are
gwen in Table IV.: K

Statlstmal ana.lyms of the results (Table V) showed tha.t nelther the vanatlon of

I .(;!.I:_rqm_qtogr..‘ 72'.(;97.2) 5 1:-‘-5_9
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TABLE IV

PERCENTAGE RECOVERY OF A MIXTURE OF PYRETHRINS, PBO Anp NORD FROM SIMULATED MIX-
TURES CONTAINING KEROSENE, DEIDNIZED WATLER AND CORROSION INHIBITOR

Pyrocide intermediate No. 6788 used for active pesticide ingredients. Propellant ingredient was
not used in the mixture.

F Sample  Component  Concentration Amount Anrounit Recovery  Average recovery { %)
"MwNo. , (%) added Jound (%) of individual com-
(mg) (me) ponents (5 values)
I Pyrethrin 0.2% 50,0 46.6 03
PBO 0.80 160,0 149.0 93
NOBD 0.40 8o0.0 5.0 a4
2 Pyrethrin 0.25 50.0 48.4 97
PBO 0.80 160.0 152.0 05
NOBD 0.40 8o0.0 76.0 a5
3 Pyrethrin 0.25 50.0 47.0 04
' PBO 0.80 160.0 149.0 03
NOBD 0.40 S80.0 74.0 o2
4 Pyrethrin 0.25 50.0 47.0 94
PBO 0.80 160.0 148.0 g2
NOBD 0.40 80,0 7600 95
5 Pyrethrin 0.25 50.0 46.2 92
PRBRO o0.80 160.0 151.0 94
NOBD 0.40 8o0.0 74.0 g2
Pyrethrin : 94
PRO 03
NOBD a4
TABLE V

ANALYSIS OF VARIANCE

Type of Source of Degrees of  Mean F-value
sample variation Sreedom sguare
(A} Pyrethrin Concentration level 2 16.20 1.45
samples - 12 11.10  Fgos = 5.10
(B) PBO Concentration level 2 13.26  2.99
samples Iz ‘ 4.43 Fgpp = §.10
(C) NOBD  Concentration level 2 6.0y 1.12 _
samples 12 543 Fpgs= 5.10
{D)b Pyrethrin Component 2 ‘ 0.27 004 _
PBO, NOBD samples 42 7.68 Fggs = 3.22

® Active pesticide ingredient.
b No significant differences were noted in the recovery tests at the different concentration
levels of pesticide components A, ]3 and C. Therefore, the concentration level of each component

was ignored and the analysis of variance was 1pphcd to the mixture {D} of the three components,
pyrethrin, PBO and NOBD.

v the concentration level of the individual ‘pesticide components nor a mixture of the

* pesticide components in the presence of the inert ingredients affected the desired
analytical results of the proposed procedure. The percentage recoveries fell within a
relatively iconsistent range and were statlstlcally acceptable as the de51red ana.lytlcal
‘values for the pesticide." :

Commercially available water—base pesticide aerosols (38 samples) were also

J. Chromatogr., 72 (1072) 5150
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TABLE VI

Y. KAWANO, A. BEVENUE

ANALYTICAL RESULTS ON WATER-BASE AEROSOL SAMPLES OBTAINED BY ACETONE PRE-TREATMENT

FROCEDURE

Sample  Pesticide componenis

code
Pyrathrin (%) PBO (%) NOBD (%)
. Label Found Lahel Found Label Found
guarantee guearaniee grearvaniee
A 0,25 0,27 0,625 0,66 0.625 0.6%
0,25 0,26 - 0,625 0,06 0.625 0.68
0.25 0,206 0,625 .67 0.625 0.68
0.25 0.26 0.625 0.70 0,625 .67
0.25 .20 0.625 0.68 0.625 0.68
0.25 0.26 0.625 0.68 0.625 0.68
0.25 0.2% 0.025 0.68 0.625 0.67
0.25 0,26 0,625 .66 0.625 0,66
0.25 0,20 0,625 0,638 0.625 0,68
0.25 0.27 0,625 0,68 0.625 0.66
0.25 0.27 0,025 0.66 o625 0.66
0.25 0.27 0.625 0.606 0,625 0,66
B 0.20 0,20 1.00 ©.94
0.20 Q.19 1.00 0.97
Q.20 0,20 1.00 0.%g
Q.20 0.19 1.00 0.92
0.20 0.20 1.00 0,61
0.20 0.20 1.00 0.03
0.20 0,20 1.00 0.93
0.20 0,20 1.00 0.93
o.20 0.20 1.00 0,92
Q.20 0.20 1.00 0.93
0.20 0.19 1.00 0.91
0,20 0,20 1.00 0.03
C 0.30 0.28 1.25 1.13 0.50 0.49
0.30 0.27 1.25 1,06 Q.50 0.46
0.30 0,28 1.25 .13 .50 0.44
0.30 0,27 1.25 1.I0 0.50 0.45
D 0.40 0.47 4 .00 3.06
E a.25 0.23 1.25 ° o.80
0.25 0.19 1.25 .84
0.25 0.21 1.25 0.75
0,25 0,22 1.25 0.87
0.25 0.21 1.25 0.83
F 0.25 0.23 0.90 0.80 0.50 0.48
G 0.25 0.20 0.62 0,60 0.62 0.53 .
H- 0.25 0.27 .80 0,88
1. " o.28 . .0.23 0.62 0.61 0.62

0.68

analyzed. for pyrethrins and the synergists by using the proposed procedure. The
results of the tests,are given in Table VI; each analytical result was obtained from a
separate .can of aerosol mixture, The tangible differences noted between the label
:guarantee values and the, analytmal values for . the PBO.component. of sample E were
due to faulty comp051tmn of the commercml a.erosol a.nd not toa problem in analytlca.]
;techmque. LR SEREE T
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The advantages of incorporating acetone in the extraction procedure of an
aerosol water-base pesticide formulation prior to gas chromatographic analysis of the
pesticide ingredients are: _

(r) the elimination of potential losses of volatile componentsduring the sampling
procedure, thereby minimizing sampling errors;

(2) the elimination of the problem of removing the foam reactants (emulsifier
«.ingredients) prior to analysis;

(3) the elimination of the prior removal of the propellant ingredient;

(4) the aerosol can be sampled under actual spraying conditions;

(5} preliminary puncture of the aerosol can to remove all of the propellant is
unnecessary and therefore numerous subsequent samples can be made from the same
container under the same original conditions; and

{6) extraneous ingredients are removed more efficiently from the sample, there-
by eliminating background interferences on the recorded gas chromatograph chart

data and minimizing the problems of contamination of the gas chromatograph column
and detector.
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