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Analytical Method for the Determination
0f Deltametrin, Trans- -peltametrrin and Degradates
in Soil by Gas Cnromatcc aphy
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1.0 INTRODUCTION

This report validates the method used Ifor the astermination cf
‘residues of deltamethrin, and its degradates trans-deltamethrin and
decamethrinic Acid (Br,CA) in scil. Analysis is "=y GC/ECD.. The
method sensitivity for éelcametnrin_and trans-deltamethrin is 0.002
ppm. The method sensitivity for decamethrinic acid is 0.010 ppm
pased on the lowest concentration standard analyzed The molecular
structures of deltamethrin, trans-deltamethrin, decamethrinic acid
and its pentafluorcbenzyl ester derivative are presented in Figure
1.

Chemical Information

peltamethrin, RU 22974

(IR,BR)3—(2,2—dibromovinyl)-2,2-dimethylcyclopropanecarboxylic acid"

{8) alppa-cyano—(3-phenoxyphenyl) methyl ester

trans—Deltamethrin. RU 25979

(1R,JS)3-(2,2-dibromo¢inyl,-2,2—dimethylcycloproganecarboxylic
acid (S)—alpha;cyano—(3-ph2noxyphenyl)-methyl ester . -

Decamethrinjc Acid 62C31, RU 23441
(1R-cis)-jr(z,2—dibfomcethenyl);2,Zfdiﬁéchyl?cyclopropaneéarboxylic
acid : .

2.0 PRINCIPLE ' S

Residues are extracted from soil with 1:1 hexane:acetone, filtered

and aliquoted. An aligquot for the determiratidn of deltamethrin
and trans-deltamethrin is prepared by using a silica gel cartridge
for clean-up. Another aliquot for the determination cf
decamethrinic acid is taken and derivatized using pentafluorobenzyl

bromide (PFB-Br). The <two Zinal extracts are analyzed under.

different GC conditions.

3.0 GQUIPMENT -

.1 Rourd bottom flasks, 300 ml, Ii/43 qr:und.qlaSs loints

a

b
‘Wide mouth bottles with teflen-lined caps, 500 =l
Volumetric flasks, 300 ml '

. Horizontal shaker

Buchner Funnels
- Flltering Flasks
Whatman Glass Fi:
Potary LEvaporanc

M.-EZvap analvtizal
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1.0 REAGENTS

4.1 Hexane,. zestifiZe grade

4.2 Acetcne, sesticide grade

4.2 Chlorasfcorm, pesticide grade

4.4 Ethyl =sther, cesticide grade

4/ Ethyl acetate, cesticide grade

4.6 ¥,00, {30%). veigh 30 g K,C0, irn 100 =l DI water. _

4.7 rentarfluorobenzyl. bromide (3% In acetzne). weizn I g
BFB-3r in 100 nl acetone. Prepgare fresh ncnthly., 2FR-2r
is a lachrymatcr. Prepare and :ise under a hocd.

4.3 Silica g=l, 3% d2activated. DOry sillica :vernignt. veign
cut 93 d and add 5 ml water. <Shake Icr several nsurs.

4.9 Saodiua oydroxyide, 0.1 N. Welgh 4 3 sodium hydrcocxide
pelless into 1000 nl volumetric flask. Bring ts vclume
Wwith DI water. S

4.10 Delta=metnrin, trans<Deltamethrin, Decamethrinicz A
“hne Janta-FluorcBenzyl Zster <I CZecamethr:inl
analytical standards are available Irc: Hoechst-F
Agri-v7et Co.,. Route 20%—206, Socmerwville, NJ 0237

3. =~ PROCECURE

5.1 Standard Preparation
Deltanetnrin Stock Solution (RU 2297:&4) - 10
deltanerhrin into a 100 =l veolumetric Ilask, Bring o
volume with acetone. :

Transfer 1.0 =i of stock solution into a 120
volunetric. Aring to volume with ~hexarne. The

concentration of this soluticn is 10.0 ug/nli.

trans-Deltamethrin Stock Solution (RU 25375) - Weign 120
mg trans-deltamethrin into a 1900 nl vslumetric Ilask.
8rirg te volume with acetone.

Transfer 1.0 ml stock scluticn ints lazg,
Bring to wvoluvme in hexane. The concentraticn o tiis
solution is 10.0 ug/ml.

| Y
o
[w]
o
]
—
h

Decamethrinic Acid Stock Solucicn (B 22:141) - Weigh 130
my decanmethrinic acid irte a 120 a2l wsiumetric 2
Bring ts volume with acetone.

Transier stock e€slutien inms =2 100 =1 fla=za,
3ring tc ;izh acetcne. The conczntratizn of tnlis
solutcn
- vWeigh 113 =g
mnl volimetric
150 =zl Ilazs.
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" 5.4.1. ° Rinse and conditicn a silica gel SPE carstr:

'Control soil samples are fortified at 0.002 ppm, and C.10

5.4.2. Rinse the flask, step 5.3.3., with

i

Standards fer 2C Analysis -
for a mixture =r deltamethri
0.20 ug/mi, 0.10 ucjml G.C
ug/ml in hexarne.

o
trepare anoroorlate diluewions
n and trans-deltamethri- a=s
ug/ml, 2.02 ug/ml and .G

=

Yo

Prepare approrriate dilutisns of the derivatized stancars
at 0.20 ug/ml, 0.10 ug/ml, 0.05 ug/ml, 0.02 ug/z=l and
0.01 ug/ml in hexane:ether:acetone $8:1:1 (v:v:iv).,

Sample Fortification

ppm with deltanethrin and trans-deltamethrin. Conzrcl
samples are Zortified at 0.01 ppm and 0.10 zpn with
decamethrinic acid. .

Sample Extrac:tisn Clean-ip

5.3.1. Weich 40.0 grams cf soil into a 500 ali bar=le.

5.3.2. add 300 nml of 1:1 hexane:acetone. - 3Znake cn
hor-zontal snhaker for 1 hour..

5.3.2. Suczion filter through a glass fiker filter ta
remove  sSoil. Rinse filter with 1:1

_hexane:acetone. A2uantitatively transfer =o.,a
500 ml volumetric flask and bring to wvoiume
witk 1:1 hexane:acetone. Split filtrate into

.two 250 ml aliquots into twe 500 =1 rcund
bottzm flasks and evaporate to near d*vnnss £
rotary evaporation at 40-45°C,

Deltamethrin and transvDeltamethrin Clean-Up

tridgae
(Analytichem LRO1304) with 10 ml chlorofors
followed by 10 ml of hexane. -
10 a2l cf
.hexane and transfer quantitatively to column.
Repeat with another 10 ml portion of hexare
5.4.3. Usirng a vacuum box and stopcock, control:
drip rate to 1-2 ml/min. Rinse tha coalumn
. with 10 ml hexane. [o not allow the columrn €
go éry. Discard the hexane.
5.4.4. Add 3 ml of zhloroform tc the siiica

-..

el
colunn reservoir and collect the eluate ig 2
gracuated test Tute.
Z.4.5. Ccocncentrate the sznple £o near dryness uszing
an ,-Zvap at a’ Tanperature of 15-40°C. :
Z.4.6. 3riny sample ts final volume of 2.0 ni.with
hexane. Transfsr 1.0 ml into two GC viails fcr
GC/ITD  Aanalysis This fraction =conzzirs
delzzmechrin and :rans-deltamethtin.
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5.5 Decameth rinic Acid ParTiti:n and Clean-ip -

5.5.1. Quantitatively - transfer residue from"step
5.3.3. tz a 25Q 2l separatory funnel with 29
ml cf Q0.2 N YNaQE.

5.5.2. Add 23 =i ezhyl ether. Shake for 1 minute
with -renting. Iiscard ethyl ether.

5.5.3. add 9 =i ethyl.ether. Shake for 1 minute

' _ with venzing. <Tiscard ethyl ether.

5.5.4. Add 1D ml of 0.5 YN HCl followed by 20 ml ethyil

: ether. ’ ‘

5.5.5. Shake fcr 1 minute with venting. Collect
ethyl ether In 2 200 ml round bottom flask.

5.5.6. Add 20 =i ethyl ether. Shake for 1 minute
with venzing. <ccllect ethyl ether in the 500
ml round LZottom Ilask.

5.5.7.-  Evapecrats the saxple by rotary evaporation az
40-45°C.

5.5.8. Add 100 =1 acetzne, 1 nl of _PFs;Br {5% in
acetone) 2nd 300 1l of 30% K.CO,.

5.5.9 Reflux gsntly £cr 2 hours.

5:5.10. Evaporate the sazple by rotary evaporatlon at
40-45°C.

5.5.11., ___Add 250 =1 ethe 2 ml DI water and i0 nl
ethyl acetate. _dwrl vigorously.

5.5.12. Filter <through 12g anhydrous sodium sulfata
_prewashed Wwith ether.

5.5.13. Evaporate sample to near dryness by rotary

~ evaporation at 40-45°C,

5.5.14., _ Bring sazple to final volume of 10 ml in a
glass scintillation vial with
hexane:ether:acetone (98:1:1)}. :

5.5.15. Freeze all samples until analysis.

5.6. Analysis Conditions

"Analysis by Gas <Chromatccrarhy for deltamethrin and
trans-deltamethrin Is acccoplished u51rg the follcw1rq
~column and conditicns:

Instrumant: HP 3320 GC. with‘Aut:=amplerA

Column: Z3-1 T3 O 4 0.322 mm, film thickness
2.22 unm .

Injector: I0C°C, ssli:less, curge -on at 1.0 min.,

20 =./min

Jetector: IZlecircn Tapture, 325°C, make-us
argcsa/methane, 20 nl/nin.

Tamp Progran: 200°7 £z L oman.
20 adin.
- : 230°7 for Il aln
STULY # 52185153

Ui
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10°C/ain. - o
250°C for I ain, _ .

Carrier Gas: gelium, 3 nil/min.
Inj. Vol: 2 ul , -

Under —hese conditizns, approxinate retenticn times are as
follows: : -

“gis-Zdeltamethrin 19.1 =in.
trans-deltamethrin 19. 5 oln.

Analy51s by Gas Chromatcgraphy for 8r,Ca is accompllshed using
the followlng cclumn and conditions:

InsTrument: 4P 5890 GC, wWith Autcsampler
Ccolunmn: CB-1, 30 n x 0.32z mno, ilnm <zthickness.
' 2.25 un
Injector: 200°C, splitness, purge on at i min.
- Temp Frogram: 100°C for L min.
20°C/min.
230°C for 10 min.
. 10%C/min. -
250°C feor 5 nmin.
Carrier Gas:- Helium, 5 ml/min.
In3. VYol: 2 uL

Under these condlt*ons,-'approximate retention time is as
follows:

penta :1"orobenzyl ester of decamethrln_c acid: 16.6 mirutes
GC corditions my be charged to produce similar results.

Typical standardization data for ieltanethrih; trans-
‘deltamethfln and decametrinic ac*d PFB ester aree shown in
Tables 1 and 2. ° Recovery dat for fortified soil are
prasented in Table 3. Typical chromat-gram; for standards,
contrcl soil and fortified control =311 are depicted in
Figqures 2-5. ‘ '

Th rmethcd is sensitive to 2.002 zpm Ifor deltamethrin and .

;thrin and to 0.012 ppn for d2camethrinic acid PF2
d on the lowest concentratlion standard analyzed.

lﬂ -
Dol

TUpY # . 2018725753 1

e
1.7
]




3.7 cCcalculationn of Rasidues

mg injected = Wox Y2 s
Y1 x Y3 x OF

.where W = 40.0 grams sample
Y1 = 500 ml initial volume
7z = 250 ml allguct volume _
v3 = 2.0 mL or 19.0 final volune
- V4 = 2 ulL injected Co

DF = Dilution Factor

ppn, residue = ng frem curve
mg injected

Field samples are corrected Ior soil moisture such. that
. ppn, residue {dry weight’ basis)

[&]
.
w
.

Time Requirements
A trained analyst can complete the extraction of a set of
10-12 samples in 12 hours. A flowchart of the extraction
procedures (Flgure 2) indicazes possible Stonp,ng points
during extracblon.

Referencsas

EN‘CAS Methed No._“JC 7/89
Yaguire, R. James, et al., J. Agrig. Food Chem., Vol 17, Nov.
4, 1989, ‘ .
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Table 1. Typical Stanaardization Data for Deitamethrin.

trans-Deltamethrin and Decamethfinic Acid FF3 Ester.

Standarg Peak ng Regression
Caonc. Height iniected .Parameters
Deltamethrin

0.01 ug/ml 1592 g.c2 Corr. coeff (r) 0.5920
0.01 ug/ml 1457 G0z y intercept (b) 899.7 .
0.02 ug/mi 2869 0.04 slope (M) 42202.2
0.05 ug/mi 5415 - 0.10 :
0.05 ug/mi 4433 n10
0.10 ug/ml 10818 0.20
0.10 ug/mt 8777 0.20
0.20 ug/mi 17415 C.40

- trans-Deltametrin
0.01 ug/mt . 1091 - 002 . . . Corr, coeff.{r) 0.9931
0.01 ug/ml 1303 co2 - y intercept (b) -641.0
0.02 ug/mi 2668 0.04 slope (m}) 417566 -
0.05 ug/m! 5201 . 0.10 :
0.05 ug/mi 4275 ¢.1C
Q.10 ug/ml 10262 5.20
0.10 ug/iml’ 8377 _ . 0.20
0.20 ug/mt 17048 ~ 0.40 .

Decamethrinic Acid PFB Ester

Q.01 ug/ml 1383 0.01 Corr. coeff (r) 0.89905
0.01 .ug/mi 4761 .02 y intercept (b) -4205
0.02 ug/ml 4633 2.02 siope (m) 308918
0.05 ug/mi 18109 3.05 -
0.10 ug/rmi 28297 2.10
0.10 ug/mi 36819 3.10

81020 2.20

0.20 ug/ri




Table 2.

Recovery Data for Soil Fenified with Deltamethnn.

trans-Deltamethrin and Decamethrinic Acid.

Fonification Parcent ot
Centh Level Feglicate Aecovery Average
Deltamathrin
- 0-8" 0.002 epm 1 115 100
2 839
3 96
0.020 ppm T 107 35
: 2 24 '
3 76
trans-Deltamethrin
0-6" 0.002 ppm 1 34 a1
. 2 72
. 3. 76
0.020 zpm " b 103 . 107
2 103
3 101
Decamethrinlc Acid PFB Ester
0-12" 0.010 ppm 1 10;1 a3
: ' 2 84
3 30
C.1C0 spm 1 36 95
z 38
3 MM
0.3CQ cpm 1 114 165
2 21
3 3
et S STMTETOTCT T OAQIEIRIRIN 0 T T TR




Figure 1:

Chemical Structures

(1

of 2) -
. ) r .
N 0 C
Br\ N ; I =
, C=C. ~ N~ ,C—0O0-CH—, 7
C-—C {(s) I L
Br ~ 4
O‘“Q

. DELTAMETHRIN

RU 22974
(1R,3R)3-(2,2-dibrcmovinYl)—2,2-dizethylcyclcprnpanecarboxylic
acid (S)Y=alpha=-cyano-(3-phenoxyphenyl)} methyl estrer

N
% o=
B i T
AN ,C—0-CH— ; | _ |
Br CC” (s) L . trans-DELTAMETHRIN
N /’ . '...-O._..” . \‘) . B - - .
C: ' ‘...—__.'.—.J; *
Br

RU 26979

(1R,35)3-(2,2~-dibromovinyl)~2,2~dinethy
acid (S)-alpha-cyano-(3

lcyclcprcpanecarbcxylic
-phenoxyphenyl) methyl ester-




Figure 1: chemical Structures (2 of 2}

. (/' .
Br ' :

] S . DECAMETHRINIC ACID
A4 NG v _
T \// (BR,Ca)
- |

OH RU 23441~

(1R‘°is)'3‘(2.2-dibromoethenyi)—2,2—dimethylcyclcpropane_
carboxylic acid

'~ DECAMETHRINIC ACID
PFB ESTER

Pentafluorobenzy! ester of (1R-cls) - :
3~(2,2-dibromoethenyt) -2, 2-dizethyl-
cyclopropanecarktoxylic acid

v - Caa
STHOY # 2301230537




Figure 2: Sample Preparation -Scheme (1 of 2}

40.0 grams of scil
H

Add“300 ml of 1:! hexane:acetone (pesticide grade).
i - N

Shake on a horizo?tal shaker for 1 hbuz,

!
Suction filter through a glass fiber filter (Whatman GF/C)
to remove soil., Rinse extraction pottle and filter with 1:1

hexan=:aceatone.

Transfer filtrate quantitaﬁivaly To a 500 ml volumetric flask' °

and bring to volume with 1l:1 hexane:acetone,#*

[y

i .
- gcis/trans Deltamethtrin
Clean-up
|
Evaporate 250 ml aliguot
to near dryness by rotary
evaporation at 40-45.C.

Condition a silica gel SPE
cartridge with 10 ml -
chlercform followed by

10 ml hexanea.

Transfer residue with 10 ml
of hexane to column

Control the drip rate through
calunn at 1-2 ml/min.

Rinse flask with 10 ml of

hexane and guantitatively .
transfer to column.

Rinse the column with 10 ml
hexane. Discard the hexane.

Add 5.0 ml chloroform to
coluan resaevoir and collecs
the eluate in a graduated
tast tube.**x

**Stepping point
Refrigerats sample.

STUDY

H
Br,CA Partition:

Evaporate 250 nl aliquot

to near dryness by rotarv
evaporation at 40-~45 C.

Transfer to a 250 ml
saparatory funnel with
20 ml 0O 0.1IN_NaOH.

-Add 20 m»l ethyl ether..

Shake fcr 1 minuta with
venting. - Discard ethyl’
ether. I

-Add-20 ml e:hyl;ether.

Shake for 1 minute with
venting. Discard ethyl.
ether. - [' : :
Add 10 ml of 0.5 N HCl
followed by 20 nl ethyl
ather. |

Shake for 1 nminute with
venting and csllect ethyl
ather.

|

Add 20 ml ethyl ether.

Shake f£or one minura with. .
venting and ccllaect athvl

ether.




Figure 2: Sample Preparation ‘Scheme (2 of 2)

cis/trans Deltamethrin
Clsanup (cont.)

Concentrate to dryness
undar nitrogen at 15-40 C.

Dissolve in hexane to
final volume of 2.0 ml.

Freeze samples.

Br,CA Partition

(cont.)

Evaporate by rctary
evaporation at 40-45 C.

Add 100 ml acetcne. Set
up acetone contrel and
0.20 ug/ml §nandard.**

1
Add 1.0 ml cf PFB~Br
(S % acatone) and.
300 ul of 3<|J ¥ K.Co,.

Reflux gently for 3 hrs

Evapecrate by rotary
avaporation at 40-45 C.

Add 250 ml ether, 2 ml
water and 10 ml ethyl
acatate. Swirl
vigorously..

Fllter through 12 g
anhydrous sodium sulfate

_ prewashed with ether.

Evaporata %o near

drynass. by rotary evap- -

oration at 40-45 .

Bring sample to final
valume of 10 nl with
hexane:ether:acetone
(98:1:2 viviv).

Freaze samplas.




Figure 3: Representative Chromatograms otf Deltamethrin and
. trans-Deltamethrin (1 of 2)

EPET flat

Deltamethnn

* 13:438 &

trany-Deltametnnn
Typical Chromatogram .
GC Standard: 0.01 ug/ml
Deltamethrin and trans-Deltamethrin

0.02 ng injected, GC run #5390, dazed 07/23/90

el
mEmrs—————— 103 o '2"_——'—"

S‘&P ) . 7 tramse-Delismetnnn
Typical Chromatogran

GC Standard: 0.20 ug/ml
Deltamethrin and trans-Deltamethrin

0.40 ng injected, GC run #586, dated 07/22/90

CoosTuoy R 5201 a 3337 -

Ly
Ll



Figure 3:-- -Representati : Chromatograms of Deltamethrin amd
Carin (2 of 2)

trans-Delts

" irsne-Deltamnmnn
:f?}ﬁ? Typical Chromatogram
Untreated Control Sample (UTC)

20 mg injz2cted, GC run #591, dated 07/23/90

- 7S .
i2: .
#53
‘ _ 16.574 . Deltzmethirin
) ?za%ﬁf‘ ¢
" sTppt-?733 TyplcaI E omatogram
0.002 ppm Deltamethrin and
trans-Deltamethrin Fortification
(91 % Recovery) Sommmme e .
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Tigure 4: Representatlve Chromatcgrams of’ Decamethrinic Ac1d
PFB Ester _ (1 of 2)

Decamethrinic

.ln.bGS - Actd - pPB Ester

Typical Chromatogram -
— GC Standard: 0.0l ug/ml
Decamethrinic Acid.PFE Ister

0.01 ng injecte’ 3IC run #5443,

dated 03/04/91
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Figure 44— -‘Representative Chromatoqrams cf- Decamethrlnlc Acid
' PFB Estar (2 of 2) ]

I T §

e $14 4849
==11s33%¢

ALS. g4t '
g - . %ghaﬁﬁnnclnathrinic

16.

7,92,Acid - PFB Eatar
172.42727

.17.878 Typical Chromaﬁoqram‘
Untreated Control Sample (UTC)

732
TiM TRBLE STOP

2.0 mg injected, Gcﬂrunﬂ#5445,,dated“o3,04791

C e = T pr dm oot nm Fan af s ® I

P XAt e e e

"% 1r.954 Typical Chromatogran
- 15,488 0.01 ppm Decamethrlﬂlc Ac1d
TINETABLE ¢TOoF PFB Ester A o
(80 % Reccvery) - .

2.0 mg injected, GC run #5460 dated 03/04/91

Deacamarhrinic

.3t o«

Azid - PF3 Zatar
Typical Chromatogram
0.10 ppm Decamethrinic Acid
PFB Ester
{101 % Recovervy)

STUBY'“ _;.O mg in ected GC run 73453, dazad 93:347

PS orS'Dj - -



