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ABSTRACT KEYWORDS
The vapour pressure of permethrin technical was conducted using the gas Permethrin;
saturation method based on the regulatory OPPTS 830.7950 and EEC A .4 Gas saturation method;
guidelines. According to this method the packed vapour saturator columns Gas Chromatography;

were connected to vapour pressure apparatus and the columns were exposed
to different flow rates. The flow rateswere 20 (F1), 40 (F2) and 60 mL/min
(F3). Thisset up wasequilibrated at 40°C for whole night. After equilibration
the nitrogen gas outlet from the column was connected to the trapping
system. Nitrogen gas was continuously passed through each saturator
column. The maintained flow rate and temperatureswere monitored during
the study period. At the end of 10 days, the trapping agent was collected
from the trapping system by eluting the glass columns using 100 mL of
acetone. The collected eluate was concentrated using rotary vacuum
evaporator to near dryness, and diluted to specific volume using acetone.
The samples were analyzed by validated GC method. The vapour pressure
of thetest item permethrin Technical wasfound to be 2.08 x10-6 Pa at 20°C
and 6.58 x 10-6 Paat 40°C. © 2016 Trade Sciencelnc. - INDIA

Vapour pressure.

INTRODUCTION the environment and the soil. The vapor pressure of
harmful chemicals can be utilized to assesstherate of
evaporation after aspill®*. Vgpor pressureinformation
isadditionally utilized as a part of the estimation of

viscosity, enthal py of vaporization, air-water segment

The vapor pressureof solid & liquid compounds
can be helpful to decidethethermodynamics stability
and time span of usability of an assortment of items,

particularly those from the pharmaceutica business*3.
The precise capability of vapor pressure can bevital
for thesheltered utilizeand treatment of strong mixes*
. Vapor pressure (V P) isanimperative component for
theinvestigation of the natural destiny, transport and
appropriation of themixesin water, air and soil®. For
natural toxins, their VP decidestheir circulation between

coefficient, and someother critica Physico-Chemical
propertiesof themixes*2.

Permethrinisindassof compoundscdled synthetic
pyrethroids. Synthetic Pyrethroids are synthesized
derivativesof evidently taking place pyrethrins, which
aretakenfromextractsof dried chrysanthemum flowers.
Synthetic pyrethriods are greater strong than herbal
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pyrethroids, and consequently longer lasting withinthe
area. Although synthetic pyrethroids are frequently
thought of as“‘safe as chrysanthemums”, they may be
chemically engineered to be more toxic than herbal
pyrethroids. Permithriniswidely used asaninsecticide
in agriculture, houses, gardens and for treatment of
ectoparagites(fless, lice, scabies) on humanbeingsand
animals. International, thedominant use of peremthrin
isfor cotton, which debtsforover 60% of thepermethrin
used™. Insidethe U.S., nearly 70% of the permethrin
utilizedinagricultureisused on corn, wheet and dfdfa
Annudly, over ahundred million programsof permethrin
aremadeevery yrinand around U.S. homes15. Some
not unusua merchandiseconta ning permethrin because
thelively component consist of: Nix, Elimite, Prelude,
combat, Ambush, Dragnet, Outflank, Pounce, Perthrine,
picket and Astro. Permethrin comes in amny
bureaucracy, indusiveof orays, dusts, fogs, emulsfiable
concentratesand creams. Additiondly, in 2003, the EPA
permitted permethrin-impregnated apparel for public
use™,

EXPERIMENTAL

M aterialsand methods

Theanadyticd standard of peremthrin (95.3%) and
the sample of peremthrin (95.2%) were obtained from
SigmaAldrich. TheHPL C grade sol vent acetonefrom
Rankem, New Delhi. Reagent water used in thisstudy
wasdeminerdized and purified usngaMilliporeMilli-
Q Purification Water System. Seasand sourced from
Machilipatnam, India, sea sand was used as solid
support for thetest item withinthe saturator columns.
The seasand was sieved to get uniform size particles.
The sand waswashed prior to usewith sulphuric acid,
Milli-Q® water followed by acetone and dried at
gpproximately 120°C. Nitrogen gas (Purity 99.999%)
supplied by BOC IndiaLtd., Mumbai, India, was used
ascarier gasinthisstudy.

Silicagd of mesh sze60to 120 supplied by Merck
limited, Mumbai, Indiawas used asatrapping agent to
collect Permethrintechnicd vapour. A digita temperature
controlled vapour pressure apparatus, supplied by
LabindialnstrumentsPrivateLimited, Chennal, India,
was used inthis study. The carrier gasflow ratewas
measured using manud flow meter suppliedby Shimadzu
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Corporation, Japan. Stainless steel columnsof 60 cm
x 15 mm dimens onsfitted with adaptersat both ends
wereused inthisstudy. Thetrgppingmaterid (10-11 g
of dlicagd) was packedinflexible polypropylenetubes
having both ends plugged with cotton swabs. Theoutlet
of the stainless stedl saturator column was connected
to the polypropylene tubes filled with silicagel. To
measure the gas flow, a manual flow meter was
connected at the trap end. Buchi rotavapour
temperature controlled vacuum rotary evaporator - M/
S. Buchi Labortecnik, AG Switzerland wasusedinthis
study. A hot air oven supplied by Scientific Systems,
Chennal, Indiawasused in thisstudy.

Chromatogr aphic separ ation parameters

The GC system used, consisted shimadzu Gas
chromatography with Electron Capture Detector,
interfaced with GC sol ution software, equippedwitha
megabore GC column of 30m lengthx 0.53mm1.D. x
1.0pm (DB-1) with 80 kPa Nitrogen (N,) Gas flow
rate, Column oven temperature was maintained at
300°C, injector temperature was maintained at 300°C,
Detector temperature was maintained at 300°C and
theinjected samplevolumewas 1.0 uL. The retention
timeof permethrin gpproximately 2.5 minutes.

Linearity of response

A stock solution of permethrin technical was
prepared by weighing 4.94 mg of 93.5% purity
reference standard into a10mL volumetric flask and
bringing to volumewith acetone. A seriesof caibration
solutionswerethen prepared by diluting the gppropriate
volumeof sock solutioninto different 10 mL volumetric
flasks and bringing to volume with acetone. The
prepared calibration solutions 0.01 mg/L, 0.05 mg/L,
0.1 mg/L, 0.5 mg/L, 1.0 mg/L and 10 mg/L were
injectedinto aGas Chromatography. A linear curvewas
plotted for the concentration of standard versus
observed peak area, and the correl ation coefficient was
determined.

Method specificity

Silicagd control wasassayed to check the method
specificity.
Recovery from trapping agent

The recovery test was performed in order to
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validatethe analytical method for Permethrin analysis.
Approximately 10 g of silicagel wasweighed and this
wasfortified with the Permethrin analytica standard at
theconcentrationlevels0.03 ug/g (S1), 0.3 png/g (S2).
Each concentration wasfortified for 5timesand were
coded as S1(S1R1, ...S1R5), S2(S2R1, ...S2R5).
Thereplicatesweretransferred to glasschromatographic
columns and extracted with 100 mL acetone. The
extract from each column was concentrated to near
dryness and reconstituted with 10 mL acetone before
quantification. Two control sampleswere maintained
(SOR1 and SOR2) using unfortified sand.

Preliminary test
Preparation of thesaturator columns

Accurately 3.10 g of permethrin technical was
weighed and added to 2180 g of seasand. Thetreated
sand wasthoroughly mixed. Thesaturator columnswere
prepared by weighing and packing 60 g of treated sand
into three stainless steel columns (length 60 cm and
diameter 15 mm). The columns were coded C1 through
C3. Theremainingtest item coated sand was packed
inHDPE container and refrigerated for sability analysis
after preliminary test.

Flow rateselection

The packed vapour saturator columns were
connected to vapour pressure apparatus and the
columnswereexposed to different flow rates. Theflow
rateswere 20 (F1), 40(F2) and 60 mL/min (F3). This
set up wasequilibrated at 40°C for whole night. After
equilibrationthenitrogen gasoutlet fromthecolumnwas
connected to the trapping system. Nitrogen gaswas
continuoudy passed through each saturator column. The
maintai ned flow rate and temperatureswere monitored
during the study period. At the end of 10 days, the
trapping agent was collected from thetrapping system
by eluting theglass columnsusing 100 mL of acetone.
The collected eluate was concentrated using rotary
vacuum evaporator to near dryness, and diluted to
specific volume using acetone. The samples were
analysed by Gas Chromatography.

Sability confirmation

The coated sand from day 0 and from column C2
after 10 daysof incubation wasweighedintriplicate
and eluted with 100 mL acetoneinglasscolumns. The

eluatewasevgporated to near drynessand diluted using
acetone before quantification by Gas Chromatography.

Definitive test

Accurately 6.13 g of permethrin technical was
weighed and added to 360 g sea sand. The treated
sand wasthoroughly mixed. Thegainlesssted saturated
columnwerethenfilled with permethrintechnica coated
seasand. The columnswerethen placedin the vapour
pressure gpparatus. The columninletswere connected
to nitrogen flow and thisset up wasequilibrated at 20°C
and40°C overnight. After equilibration the nitrogen gas
outletsfromthe columnswere connected to thetrapping
system.

Thenitrogen gaswasallowed to flow through the
column and traps at afixed rate of 40 mL/min. The
experiment was continued for 10 days. The column
chamber temperatureand flow raiewasmeasured thrice
per day. The remaining treated sand was stored in a
HDPE container and refrigerated for stability analysis
after thedefinitivetest.

After 10 days, the trapping agent (silicagel) was
collected from thetrapping system. Thetrapping agent
wastransferred to glasscolumnsand thetest itemwas
eluted using 100 mL of acetone. The eluate was
concentrated using arotary vacuum evaporator, diluted
using acetoneto aspecific volume (1 mL for Tel and
Te2) and andysed for Permethrintechnica content. The
test item coated sand pertaining to Oday and pertaining
to column TelR2 was checked for stability.

RESULTSAND DISCUSSION

Method validation
Linearity of response
A plot of the found peak areaof permethrin and
TABLE 1: Linearity for permethrintechnical

Permethrin concentration Peak Area

(ng/ml) (nV-Sex)

0.01 517

0.05 2576

0.1 5167

0.5 20073
1 55840

10 505612
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Figurel: Representativechromatogram of per methrin calibration solution (0.5 mg/L)

TABLE 2: Recovery of permethrin technical from trapping agent (silicagel)

Fort|f|e?d Total Recovered Average Relative
Concentration of . Standard
Code . Permethrin Recovery (%) Recovery o
Permethrin technical (ng/e) (%) Deviation
technical (ng/g) ngrg 0 (%)
SOR1 NF NF -
NF NF
SOR2 NF NF -
S1R1 0.03 0.0284 94.7
S1R2 0.03 0.0297 90.1
S1R3 0.03 0.0294 98.1 97.21 2512
S1R4 0.03 0.0299 99.7
S1R5 0.03 0.0284 94.5
S2R1 0.3 0.2891 96.4
S2R2 0.3 0.2989 99.6
S2R3 0.3 0.2882 96.1 97.90 1.767
S2R4 0.3 0.2933 97.8
S2R5 0.3 0.2990 99.7

NF — Not Fortified
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Permethrin calibration curve
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Figure?2: Typical permethrin technical calibration curve

the concentration in the standard solutions showed
acceptable linearity, asindicated by the correlation
coefficient of 0.9999. Thedataarepresentedin TABLE
1. A representative calibration curveis presented in
Figure 2 and chromatogram are presentedin Figure 1.

Method specificity

Nosgnificant interferencewasobserved fromslica
gd control.
Recovery from trapping agent (SilicaGel)

Recovery studies conducted with thetrgpping agent
at two concentrations 0.03 ug/g and 0.3 pg/g showed
an acceptable recovery of 97.21 and 97.90%,
respectively. The percentagerel ative standard deviation
(RSD) was 2.442 and 1.730for the0.03 ng/gand 0.3
ug/gsamples, respectively. Theresultsarepresentedin
Error! Reference sourcenot found.. A representative
chromatogramispresentedin Figure 3.

Preliminary test

Thepreliminary test was conducted at 40°C with
threedifferent carrier gasflow rates. Theresultsare
summarizedinthefollowingtable:

Sample ; * Amount
Temperature Cléirl(r)isrRi?Z Ca\lﬁ?ilgrmgas T o Concentration
Code °C o rapp mg/m?®
(°C) (mL/min) (m) mo) (mg/m”)
F1 20 0.2880 0.0001 0.000412
F2 40 40 0.5760 0.0005 0.000943
F3 60 0.8640 0.0006 0.000712
* Aver age flow rate calculated for 10 days
Interrmsty
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Figure3: Representative chromatogram of per methrin technical from thetrapping system recovery experiment
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TABLE 3: Sability of permethrin technical from the coated
sand samples— preliminary study — 10th day

—
Temperature Sample Dosing Recovered Recovery
°C ID Level (g/kg) %
(g/kg)
T2R1 18.25 18.53 101.54
40 T2R2 18.25 17.75 97.27
T2R3 18.25 17.82 97.66

2000

10000

Figure4: Representativechr omatogram of permethrin teéh—
nical from coated sand at 40°C
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Based ontheresultsabove, anitrogen flow rate of
approximately 40 mL/minwas sel ected for definitive
test. Thecarrier gaswasin saturation equilibriumwith
Permethrin technicd at thisflow rate.

Sability confirmation

Theresultspresentedin Error! Reference source
not found. clearly showsthat permethrintechnical was
stable during the 10 day storage period at 40°C. The
averagerecovery of triplicateanalysisof 1 g samples
after 10 days of storage was 98.82% at 40°C.
Representative chromatogram ispresentedin Figure 4.

Definitive test

Inthedefinitive experiment, threereplicateseasand
samples coated with Permethrin technical weretested
a two different temperatures (20 and 40°C) for aperiod
of 10 days, using a carrier gas flow rate of
approximately 40 mL/min. TABLE 4 presents the
temperatureand flow rate data. Analysisof the sorbent

TABLE 4: Temperatureand flow ratedata during vapour pressuredeter mination of permethrin technical - definitivetest

Temperature (°C) Average Flow Rate (mL/min)*
Days Oven 1l Oven 2
Oven 1 Oven 2
TelR1 TelR2 TelR3 Te2R1 Te2R2 Te2R3
0 40 20 40 40 40 40 40 40
1 40 20 40 40 40 40 40 40
2 40 20 40 40 40 40 40 40
3 40 20 40 40 40 40 40 40
4 40 20 40 40 40 40 40 40
5 40 20 40 40 40 40 40 40
6 40 20 40 40 40 40 40 40
7 40 20 40 40 40 40 40 40
8 40 20 40 40 40 40 40 40
9 40 20 40 40 40 40 40 40

* Average flow rate of three measurements

TABLE5: Determination of vapour pressureof permethrin
technical at 40°C

TABLE 6: Deter mination of vapour pressureof permethrin
technical at 20°C

Sample D W (g) V (m3) P (Pa)at 40°C
TelR1 572X 10-7 0.5760 6.60 x 10-6
TelR2 5.80 X 10-7 0.5760 6.70 x 10-6
TelR3 5,57 X 10-7 0.5760 6.43 x 10-6
Average 5.69x 10-7 0.5760 6.58 x 10-6
Standard Deviation 1.35x 10-7

Sample D W(g) V(m3) P (Pa)at 40°C
Te2R1 1.94x10-7 0.5760 2.10x 10-6
Te2R2 1.89x10-7 0.5760 2.04x 10-6
Te2R3 1.94x10-7 0.5760 2.09 x 10-6
Average 1.92x10-7 0.5760 2.08 x 10-6
Standard Deviation 2.90x 10-8

—
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traps maintained at 20°C experiment showed the
averagemassof permethrintechnica collected after 10
daysas 1.92 x 107 g. Analysis of the sorbent traps
maintained at 40°C experiment showed the mass of

TABLE 7: Sability of permethrin technical from the coated
sand sample-— definitive study

*Dosing
Temperature Sample Leve Recovered Recovery
°C ID (g9/kg) %
(g/kg)
T4R1 17.97 17.90 99.61
20 T4R2 17.97 17.34 96.49
T4R3 17.97 17.83 99.20

* Aver age of Three Replicates - Oth days after Storage : 100%
(17.97 g/kg); 10th Day after : 98.43%; Nitrogen Purge at 20°C

1 . .
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permethrin technical collected after 10 days as
5.69 x 107g. Representative chromatogramsfromthe
analysis of the sorbent traps at 20°C and 40°C
experimentsare presented in Figure5 and Figure 6.
Usingthemassof thepermethrintechnicd collected
during theexperiment and thetota volumeof gasused,
thevapour pressureof the permethrintechnical at 40°C
and 20°C wasca culated. Theresultsare presentedin
Tableand Error! Reference source not found.. From
the data, the average vapour pressure value of
permethrin technical at 20°C was2.08 x 10® Paand
at 40°C was 6.58x10° Pa. The results presented in
Tableclearly show that test item permethrintechnicd is
stable during the 10 days storage period at temperature

13

Figure5: Representative chromatogram of per methrin technical fromthe 20°C definitive study
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Figure6: Representative chromatogram of per methrin technical fromthe40°C definitive study
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20°C. The averagerecovery of triplicateanalysisof 1 g
of samplesafter 10 days of storage was 98.43%.

CONCLUSION

Thevapour pressureof permethrintechnicd a 20°C
was2.08 x 10-6 Paand at 40°C was 6.58 x 10-6 Pa.
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