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CHEMTCAJ PROPERTIES

! . - - 1

CYHALOTHRIN (PP563)

'Chemical Name (gg)-a-cyano-3-phenoxybenzy1-(Z)-(lgg, 335)(2-chloro-
: Toprop-1

3.3.3-trif1uo -enyl)-2,2-dimethylcyclopropanecarboxylat
563 consiseg of two enantiomer pairs designated and B,

LAMBDA-CYHALOTHRIN (PP321)

Chemica) ﬂame : u-cyqno-B-phénoxybenzy1-3-(2-ch1°ro,3,3,3-

Emperical'Formula €23 Hyg ClFy NO4
Molecular Weight . 449 .9

Structural Formula :

ot g e -._._-_-_...;‘-v..-.--‘--.-~---‘----.-—- e
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.1

SCOPE

The ‘analytical procedures described are suitable, for the

determination of residues of the synthetic pyrethroid insecticides
cyhalothrin - PPS63, and lambda-cyhalothrin - PP321 in natural
waters including pond water. T

In water at pH values greater than 7, PP321 (enantiomer pair B)
rapidly epimerises to enantiomer Pair A. Therefore the
determination of both enantiomer pairs is necessary.

The internal standard used, R17155a has also been found to
epimerise during the analytical procedure. This method is -
suitable for the determination of both epimers found.

Since pyrethroids'are of low water solubility and will readily

adsorb onto glassware, sampling and subsequent storage in water
bottles is not recommended,

The recommended sampling procedure is to sémple at source as shown
in Fig 2. :

The linmit of determination for the method has béen set at
1 ng/litre water (for each of the enantiomer pairs A and B).

. i

 SUMMARY

The water sample is loaded onto 8 pre-conditioned solid phase
extraction cartridge, (cartridge as shown in Figure 1). The
cartridges are frozen immediately after sampling and should be

maintained frozen during transportation and storage, prior to
analysis. :

After thawing, the cartridges are accurately fortified with a
known amount of internal standard. Cartridges are then eluted
with organic solvent, and co-extractives removed and the analyte
concentrated by further solid-phase sorbent extraction.

Final quantitative datermination\is by on-column capillary gas-

liquia chromatography using intermal standardisation.

A flow chart summary of the method is shown is Appendix 5.

) _
SAMPLING PROCEDURE

Extraction Cartridge Preparation

Prepare extraction cartridges as shown in Figure 1 overieaf:-



———

Figure 1
b - Cs 1g
. NN X XS “SAX 1g
Porous ‘ . Air
frit
reiease
Water !
flow
]
-75ml .
-Re;ervou
P . )
a) Place one 20 um porous Polyethylene frit in the base of a 75 cm3

b)

c)

. d)

3.2

a)

b)

d)

e)

£)

g)

polypropylene reservoir.
Add Cg Sepralyte (reverse-phase) sorbent (1 g),

Place another frit on top of the Cg sorbent and add Sax (strong
anion exchange) sorbent (1g. - S

Add a fﬁrther fric te the top of the sorbent bed.

Extraction Cartridge Conditioning

followed by deionised water,

All cartridges must be used as soon as Possible after conditioning

(within one hour).

When the methanollhas drained frop each cartridge (L.e. has

stopped dripping) apply deionised vater (5 em3) and allow to drain
under gravity, . ' .

A hole must be drilled in the side of each cartridge (1 .cm from
the sorbent bed) in order to release air when the cartridge is
lowered into the water. This prevents desolvation of the

cartridge prior to the water reaching the sorbent bed, when
Punping commences. '

The carrridges should then be transferred into individual plastic
bags until required for sampling.



3.3

3.4

b)

c)

d)

b)

c)

Water Sampling

Reservair

Water can be pumped throu§h the cartridge using a hand held vacuug

pump (approximately 25 em /stroke). A flow of 50 cm3/min-should
be achieved. - _ :

required,then three cartridges are taken Per sample. For higher
limits of determination fewer cartridges can be used

The bags should be Sealed, labelled and Placed in a freezer asg
Soon as possible after sampling,

Prevention of Contaminatjion

All equipment used for drilling or conditioning should also be
Stored away from the sampling area. .

Immediately after.sampling, the cartridges should be replaced in
their individual Plastic bags, labelled appropriately, then sealed

and stored in a Lemperature~monitored freezer at <-18°C until
required for analysig. _ -
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4.1 .

4,2

4.3

a)

b)

a)

b)

c)<

d)

e)

£)

g)

h)

Handling of the,cartf;dgesvshould be minimised and contact with

the insides of the cartridgas avoided at all times.

ANALYTICAL PROCEDURE
Sample Preparation

After removal from the freezer and thawing, sample matrix
cartridges should be taken to dryness under vacuum on a vacuum
manifold system (eg.Supelcq) for 30 minutes.

Sample matrix cartridges should be fortified with the internal
standard (R171554 see Appendix 3.2) at an appropriate level.

Extraction

Extract matrix cartridges with acetonitrile (3 x 5 em3) on a

manifold system, aiding percolation of solvent through matrix with
8 vacuunm if necessary. Collect all the eluate.

Apply a vacuum to cartridges (approximately 10 minutes) to remove
any remaining eluate. : '

Add buffer (Clark and Lubs pH 1, see Appendix 3.2) (2 em3) to

cartridge, allow to percolate into cartridge then take to drymess
under vacuum. Discard all eluate from this step. .

Continue extraction with diethgl ether: hexane 70:30 (5 cm3)
followed by acetonitrile (5 cm?). Remove any excess eluate by
applying a vacuum and. then combine exXtracts from steps a, b, and
d.

Repeat steps a-d for any further cartridges remaining for each
sample. (see 3.3¢)

Combine all organib eluates in a round bottom flask and
concentrate by rotary evaporation until between 5-10 em> remain.

Ultrasonicate round bottom flask, measure volume remaining and
make to 15 cm3 with acetonitrile, ' : :

Add ultra-pure water (50 em3) to each flask and shake thoroughly

(this should only be done ipmedjarely before application to the Cg
sorbent cartridge in 4.3),

Sorbent Clean-Up

Prepare matrix cartridges (1g of Cg Sepralyte sorbent) in a

reservoir (75 cm3). Place on a vacuum manifold system with
individual valve control eg. Supelco.

Condition cartridges with methanol (25 cm3) followed By water
(5 cm3) allewing each to percolate under gravity.

(N.B. Caktridgeé mist be conditioned within half an hour of use
and must not be allowed to dry out before use).



c).

d)

e)

)

g)

5.1

3.2

Apply analyte solution 4.2 (h) to Cglc
Percolate under gravicy, controlling
cm3/min). Discard the eluate.,

Wash cartridge with water

artridge and allow to
the rate, (no greater than 1

(5 em3) followed by acetonitrile:water

50:50 (2 x 2.5 em3). Discard the eluate.

Take cartridges to dryness under vacuum (approximately 1 hour).

Elute cartridges with hexane (4 x 2.5 cm3) and collect the

eluate.

Make the hexane elua

GLC.

GAS-LIQUID CHROMATOGRAPHY

te to an appropriate volume for analysis by

The conditions for the analysis by GLC will depend upon the

equipment available. A highly sensitive detector is required for
analysis at low levels, and the following conditions have been

found to be_satisfactory

Instrumentation

Varian 3500 capillary gas chromatograph with automated on-column

injector and fitted with a Ni63 (g

detector,

a) SE54 bonded phase
25m x 0.32mm ID.

b) Temperature Programs: -
"~ Column temperature:- 89°C (hold 1

to 240°C (hold 21 minute

10 minutes).

Injector temperature:- 40°

35 minutes),

¢) - Detector temperature 300°c. .

d) Carrier gas, helium at 2 cm3/min.

28 cm3/min.

Under these conditions PP563 is
Pairs, A with retention time 24
retention time 24.85.

Ay

oCi) electron capture

fused silica open tubular capillary column

2

minuﬁe) Program at 10°C/min

8) program at 10°C/min to 250°C (hold

C program at 150°C/min to 250° (hold

Make up gas nitrogen at

resolved into its two enantiomer

and B (PP321) with

The internal standard used -R171554 (see

27.1 minutes. Sensitivity

e i



6. CALCULATION OF RESIDUES

Residues of enantiomer pairs A ang B in the final extract are
calculated using the internal standardisation procedure.

Prior to extraction each Sample is securately fortified with a
known concentration of internal standard. Each sample residue

residues may be performed using a ‘single point ratio calibration’
(Cardone and Palermo, 1980). It shoulad be noted that such
calibrations are feasible only vhen the chosen internal standard
meets certain criteria (see Ref 1). The calculations below are

shown for PP321 (enantiomer Pair B) but are equally valid for
enantiomer pair A. :

a) Using the GLC operated under conditions described in 5.2
above, make repeated injections of 2 pl of a standard

solution containing a mixture of R171554 and PP563 each at 2.5
ng/cm? until a consistent response 1s obtained. - '

b) Measure the peék heights or area obtained and calculate the
~ detector 'Response factor ratio’.

i.e. Rf ratio = gggg_hg_EEQZl_mel_s_ < Eeak ht inrernal standa d_(mm
- (8td) Come'm PP321 (ng/cm’) * Conc'n internal standard (ng/cm?)

¢) Make an injection of the sample solution (SA) and measure the

peak heights or area obtaineg for PP321 and internal standard
(R171554), . - :

d) Since the response factror ratio will be constant fér a

detector with a linear response, the PP321 residue in the
sample can thus be calculated:.

Rf ratio = Peak ht SA .  Peak ht 54_ga
(Std) Conc’n PP321'SA . Conc' R171554 SA

Therefore PP321 cone’'n = Peak ht 22321 sa-X Cope’q 31215565A

Rf x Peak ht R171554

“~

Unics (ng/cm3) = mm x pg/en3

e} This concentration must then be corrected in order to

express the residue in termg of the concentration of analyte
in a known amount of matrix. ' )

Residue in ng/l = PP32) copc’n

(Sample/matrix) cone'n in final solution

Units = pg/em3’
(ng/1) 1/cm3



b)

b)

10.

10.1 .

Note:- Injections of séméié solutions (3 maximum) should be
bracketed between Standardg, )

LIMIT OF DETERMINATION

and subjecting them to the complete analytical procedure, The
chromatographic response obtained for these recoveries at the

.retention time of PP321 (enantiomer pair B) or enantiomer pair

has been set at 1 ngn,

. CONTROL EXPERIMENTS

To ensure that no observed contamination of the samples occurs
during amalysis at least one untreated sample should be analysed
alongside a get of samples using exactly the same Procedure,

In these laboratories in order to ensure that any interference
peaks observed ar the retention time of PP321 or PP563 are not due

The resultant plot ig shown overleaf,
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~ .Recovery Experinentg

For twenty gix untreated samples accurately fortified with PpP32]
and interna] Standard R171554 a¢ 10 ng/1 (10 PPt) and then taken
through the analytical method, the mean recovery by internal

‘Standardisation wag caleulated to be 10 ng/1 with a Standard

deviation of <2.

Extractabiliqy
Extractibility of 1‘C-PP321 from authenti, Ssample extraction

- cartridges sampled gt Source was found o be greater than ggs in
all cases, S

e dainy
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11.1

CONFIRMATION OF RESIDUES

' Capillary gas chromatographyfmass spectrometry (GCMS) operated in
- the selected ion monitoring mode (SIM) may be used for the

qualitative and quantitative confirmation of residues. Samples
obtained from the residue analytical method are examined by SIM;
ie. 2 or more of the most abundant m/z values present in the mass
spectrum are continuously monitored throughout the gas
chromatographic run and collected on a data capture system.

Qualitative confirmation of residues is given by the appearance of
a peak at the correct gas chromatographic retention time for all

the specific m/z values monitored.

In these laboratories GCMS was used to qualitatively and semi-
quantitatively confirm the presence of residues of PP563 and also

the epimer of the internal standard R171554, formed by inversion
of the optically active o -CN position.

GC-MS Operating Conditions

a) Chromatography

Instrument : Finmnigan 9610 Gas Chromatograph

Column : RSL 150, 25 m column, ID 0.25 mm

Conditions : 45°C (hold 2 minutes); program at 15°C minute-l

to 220°C (hold 17.5 minutes); program at 5°C
minute“l to 260°C (hold B-minutqs)

Carrier Gas : Helium, at 10 psi back pressure

The mass chromatogram of PP563 is shown in Appendix 2.

b) Mass Spectrometer

Instrument : Fimnigan 4600 quadrapole mass spectrometer

Mode : Negative ion methane electron capture

Conditions :
Source Pressure : 2.1 x 10-5 TORR

Electron energy : 100 eV
Filament current : 0.3 AMPS

EM voltage : 1300 vOLTS
Ioniser pressure : 0.22 TORR
Ioniser temp : 120°c

Sensitivity : 107 aAMPS/vVOLT
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C) Selected Ion ﬁonitoring
Compound PP563

m/z 241 structure of ion:

CHs, ChHy
.Cl o
‘o= ¢ o
CFs” H "o

B/z 205 structure of ion}

K

241-HCl
Compound R171554
m/z 285 structure of ion
CHay . CHy
Br o}
\
o= g
C
Fa H o

m/z 205 structure of ion

285 - HBr

n/z 79/81 structure of ion

Br-

The mass spectrum of PP563 is shown in Appendix 2.

EXAMPLES OF CHROMATOGRAPHIC TRACES

These are shown in Appendix 1.
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Figure 1 2.5 ng/cp3 cyhalothrin and interns; Standarg
Figure 2 Uutreated Sample a¢ 0.25 1/cm3
Figure 3
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FIGURE 1 : 2.5 ng/ca’ PP563 and Internal Standard
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: Mass chromatogram of PP563 and R171554

Figure 4
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Figure 5

Mass speétf
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Mass spectrum of R171554
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APPENDIX 3

APPARATUS

a)
b)

c)

<)

A3

Vacuum manifold system (Supelco).

Collection vessels (eg. measuring cylinders);.

Graduated tubes of 10cm3 calibrated down to 1.0cm?® in 0.lecm3
units, - ’

Capillary gas chromatograph fitte: wiil an'elect:on capture
detector which will meet the sensitivity requirements.

providing: -

N.B. An autosampler may be used with the gas chromatograph

: o

~

1) 'That it is ensured i

i

t is not a source of cross-contamination
to samples. ’ _ : .

2) Suitably precise injections can be achieved with a

reproducibility better than + 5%,

Reservoirs (polyproﬁylene) 75 cm3 capacity, porous ,
polyethylene frits (20 um). (Supplier:Jones Chromatography).

REAGENTS

a)
b)
¢)

D

e)

Solvents: Re-distilled methano

1, acetonitrile, dieﬁhyl ether,
D-hexane, and ultrapure water, '

Cg octyl sepralyte sorbent (Supplier:- Jones Chromatography) .

Clark and Lubs buffer solution (le%. Mix 0.2 M KC1 (25 cm3)
+ 0.2 M HC1 (67 cud) make to 100 cm? with water.

A sample of PP321 or cyhalothrin of known purity.

A sample of R171554 for use ag an internal standard.

by analogy to the chromatographic GLC characteristies of
PP563 and other synthetic Pyrethroids to be:

(Bﬁ)-a-cyann-B-phenoxybenzyl-(133)-cis-3-(z-2-bfomo-3, 3, 3-
crifluoroprop-l-enyl)-2,2-dimethylcyclopropanecarboxylate.

CHs, CHy _ [::jjj]\cr/[:::::] ;
Pr‘c7==c(f;25;\“gf"cl‘$ﬂr
CR” o "ov
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PREVENTION OF CONTAMINATION

Great care must be taken when working at low levels to minimise

the risk of contamination.

a)

2

To achieve the set limits of determination, whenever possible

all analysis should be carried’out in a designated 'low level’
area. E '

b) All glassware must be segregated and used solely for the low

- level analysis. 1If possible a washing machine should be
designated for such glassware. :

c) All glassware should be thoroughly soaked and rinsed with
appropriate solvents before use.

d) Plastic and glassware for the analysis should be minimised.

e) All new 'batches’ of solvent and sorbent should be analysed
(for interfering contaminants in ECD analysis) before use,

£) Solvents should be freshly dispensed into glass vessels for

" each analysis and any solution which is required, should be

freshly prepared. ' . .
Staff must not come into contact with high residues or work in
areas exposed to these. :

HAZARDS

‘The following information is included as an indication to the

analyst of the nature and hazards of the reagents used in this

procedure. If in doubt, consult

the appropriate safety manual

(eg, ICI Laboratory Safety Manual) containing recommendations and
procedures for handling chemicals, and monograph such as ’'Hazards
in the Chemical Laboratory’, Ed G D Muir, The Chemical Society,

m

London.
Solvent Hazards
' Diethyl .
Acetone Acetonitrilas ether Puwizane Methanol

Harmful vapour Yes Yes Yes  Yes Yes
Highly flammable Yes Yes Yes - Yes . Yes
Harmful by skin
absorption - Yes - - Yes
TLV mg m-3 12400 70 1200 180 260

~r

In all cases avoid breathing vapour. Avoid contact with
eyes/skin,

-
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i

' b) PP321, PPS63 and R171554 are synthetic pyrethroid

insecticides with a mammalfian toxicity (acute oral LD3p) in
the rat in the order of 50-60 mg kg-1 (PP321)."

PREPARATION OF ANALYTICAL STANDARDS

Weigh out accurately, using a 'five-figure’ balance, sufficient
PP321, PP563 or R171554 to allow dilution in acetone to give a
1000 pg/em3 geock solution in a volumetric flagk. Make serial
dilutions_of this stock to give 100" ug/cmd, 10 ug/ca® and

1.0 ug/cm3 standard solutions in hexane. Prepare serial dilutions
of mixed standards cf =377 “d internal standard in hexane (for
use as GLC reference standards) down to 2.5 ng/cm3,

When not in uge, always store the standard solutions ina
~ refrigerator at <4*C to prevent decomposition/evaporation/
concentration of the standard Strength. Analytical standards

should be replaced with freshly prepared standards after 3 months
of use. ‘
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APPENDIX 4 - Linearity Graphs

Paak « PPY2) .
Calibrasion liwel pler
i S
s00{
sool
ol
o -
3 .

u.g..hn
AR S R AR

Rmount MG/}

Constant . 5.00576fs2
ler darran + 8. 15341C,2

Curve Fir .o Linesr
Correlation coefficient . 0.99924

~

Pesk + RI71554 Catibration Level plot

L3
-

(711 0F ]
g

g

Height eV}
ey T yYTT Yy rrreyvy r T rr Ty

T e e S I

. Feouv NG/

Constent 4 B.38244E.2 ' “Curve Fit

» Linear
T tee dmmnas - € 18A7TELD

Lorratation coefficient « 0,999



,.
APPENDIX 5 - Flow Chart Summary of Method
Cs: dpe Condici

nv=onrm=o~ Auw o!wv
11) Water (5 cm?)

Cpt3AX Cartridge Sampiing .

.
Load at 50 cm3 min {up to 350 cm3 wvater).

Freeze cartridges at <-18°C until required for analysis

.

, Sample Analysis

Elution : Acetonitrile (3 x 5 oauv - Collect —

Remove excess with vacuum - nmanoon.illl-ilw
) - Discard

Clark + Lubs buffer (1 x 2 cm
Remove excess with vacuum - ununmnn
"Diethyl ether:hexane wm"uo (5 em?)

- Acetonitrile (1 x 5 cm”?)

- Colléct -
- Collect -~

-

_Conbine . .

\\\ﬂ“". . .
.xuf\\\ 1) Rotary evaporate to <10 cm3

11) Make to 15 cm3 t»ﬂr-woononnmwnwo

Cg Cleanlp .
. 1) Add ultra pure water (50 nauv

ii) Load into 1 g nw cartridge at 1 cmd/min
1i1) Wash with water (5 cud) followed by _

acetonitrile:water 50:50 (2 x 2.5 emd)
Discard :

iv) Dry under vacuum for one half hour

v) Elute with hexane (4 x 2.5 nauv

vi) Make to an appropriate volume for gas-liquid

chromatographic determination.



