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1.0 STRUCTURE

R=CH, MA,
R=C,H, MA,
MA,;MA,=3:7

ISO Name: milbemectin

20 INTRODUCTION
2.1 Scope

This analytical method is used for the determination of milbemectin in freshwater and
saltwater. A limit of quantitation (LOQ) for freshwater of 0.005 ng aiJl was
achicved, the LOQ for saltwater was 0.0134 .cg 8./L. Method validation results sre
presented in Tables 1 and 2. A Nowchart of the anolytical procedure is presented in
Figure 1. A sample lineor regression analysis is shown in Figuee 2. Representative
‘chromatograms have been supplied in Figures 3-16.

22 Principle

Residues of milbemectin are extracted from aqueous solutions by partitioning twice
with dichloromethane,  The organic extracts are cvaporated to 2-4 mL and
quantitatively transferred to centrifuge tubes. The extracts are cvaporated 1o dryness
under a stream of nitrogen.  The residucs arc convenied to their respective anhydride
derivatives by addition of triethylaminc in beazene and irifluoroacetic anhydride to
cach of the wbes, The solulions arc hcated in a water bath aftcr which the reaction is
completed by addition of additional tricthylamine. The solutions are cvaporsied Lo
spproximately 200 uL under niropen and the residues arc dissolved 'in
scetonitrilchwater, 95/5 (v:v). Quantitation is effected by isocratic, reverse-phase, high
performance liquid chromatography (HPLC) with fluorescence delection.

30 APPARATUS

NOTE: All apparstus listed may be replaced by cquivalent apparatus from allernative sourees
if experimental verification suppons such substitutions.

34 Separstory funvels, 125-250 mL with glass-ground fitings
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32 Graduated cylioders, 1025 mL

33 - Volumetric pipets, | mL, [0 mL and 15 ml, class A

34 Pear-shaped evaporation flasks, 50 mL, Pyrex or Kimax

3.57 Graduated centrifuge tubes, 15 ml

36 Disposable Pastecur pipeties, Baxter, 9

37 Rotary evapormtors, Biichi RE L11

38 Nitrogen evaporator, Organomation Multivap Model 11}

39 Vortex, Fisher Genie 2

310 Volumetric flasks, 100 mL, for preparing analvticat stocks and standards
311  Analytical balance capable of five decimal accuracy, Meltler AE 240
312 HPLC viais, 2 mL; with crimp caps, Hewleli-Packard

REAGENTS |

NOTE: All reagents listed moy be replaced with cquiv:;lent rcagonts from altemative sources
if experimental verification supports such substitutions,

4.1 Methanol, Burdick and Jackson, HPLC grade
4.2 Acetonitrile, Burdick and Jackson, HPLC grade

43 Water, Barnstead NanoPuse ®, HPLC grade

' 44 Dichloromethane, Burdick and Jackson, pesticide grade

4.5 Benzene, Sigma-Aldnich, HPLC grade

4.6 Tricthylamine, Fisher, HPLC rcagem grade

4.7 Trifluaroacetic anhydride, Aldrich, 99+%
BREPARATION OF ANALYTICAL STANDARDS

NOTE: Store all standard solutions in o refrigerator maintained at approximately 4°C.

Standard solutions are presumed stable for at leost six months unless standard
ocomparison dats indicates otherwise,
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51  Primary Stock Solution

Using an analytical balance, weigh 100 mg (as active ingredient) of n':lilbcmcclin on
a weigh paper and transfer 10 a 100-mL volumetric Mask. Rinse the weigh paper “rxlh
methano! inte the volumetnic Nask. Dilute to volume with methanol. This solution
teflects a concentration of 1000 ;48 a.i./ml. ' :

52  Eortification Standards

Serially dilute the primary stock solution (10 mL 1o 160 mL) with methanol to produce
a 100-ug a.i/mL secondary stock. Continue serially dilutions, using methanol, to
produce 10,0, 1.00, 0.100 and 0 0100 yg ai/mL fortification stock solutions. The
1.00,0.100 and 0.0100 ;2g a.i.fmL solutions will be used in the preparation of recovery
samples. .

53 HELC Calibration Standards

) Prepare calibration standards by fonifying graduoted contrifuge "tubes with
milbemectin stock solutions, evaporating the solutions 1o dryncss and derivatizing as
described in section 6.2: Derivatizolion of Extracted Residues.  Typical calibration
standards may be prepared as follows (Note 1):

Stock Concentrefion Fortificaton Volume Finsl Volume Alrer Standerd Conceatration

. (g =l/L) wt) Derivatization {ml.) (ugsill)

oL 100 500 2.00 . 0.250
100 10.0 2,00 .. 0500

100 20.0 2.00 1.00

100 . 300 2.00 1.50

; | 100 40.0 2.00 2,00
100 500 2.00 2.50

6.0 ANALYTICAL MFTHOD ‘
6.1  Extractionand Evaporstign

6.1]1 Mecasure the requisite volume of freshwater or saliwaler inte a 125-mL or 250-mL
scparatory funnel (Note 2). Volumes used in the method validation triels ranged from
1.00-100 mL, depending on the nominal concentration of milbemcetin,  When using
an initial volume of 1.00 mi. 10-20 mL of matrix should be added to the sample
following fortification (Note 3). . .
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6.1.2 Fonify validation samples with the standard solutions prepared 1n Sections 5.2 or 5.3
{as appropriate). Swir! each sample to ensure homogeneity.

6.1.3  For sample concentrations requiring less than 100 mL, add 10 mL of dichloromethane
to the scparatory funne!. For sample concentrations requiring 100 mL o more, sdd
iS5 mL of dichforomethane to the separatory funnel. Sec Tables | end 2 for volumes
used in the method validation triats (Note 3).

‘. 6.14 Shake the separntory {unnet (with venting) {or approximately one minute. Allow the
phases o scpanste,

' 6.1.5 ° Drain the orgonic phase (lower) into a 50-mL pear-shaped evaporation Nask.

6.1.6 Repeat the partition one additional time (Sicps 6.1.3-6.1.5). Combine the exiracls in
the 50 mL pear-shaped flask.

6.1.7 Rotary evaporsie the sample to 2-4 mL using o waterbath maintained a1 40°C. Do not
rolary evaporste the sample Lo dryness (Note 4),

6.1.8  Using & disposable pipet, quantilatively transfer the ‘exiract to a 15-mL grodunted
ceotrifuge tube. Add approximately 2 mL of dichloromethane Lo the flask and swid
well.  Transfer this rinsate to the centrifuge wbe, Add an additional 2 mL of
dichloromethane to the flask. Swirl the solviion and transfer 1o the centrifuge tube
{MNote 5).

6.19  Obscrve the solution in the centrifuge tube. If any waler is present on the surface of
the dichioromethane, remove this water with a disposable pipet (Note 6).

6.1.10 Evaporaie the extract (o dryness in a waterbath maintained at 40°C under a gentk
stream of nitrogen. Ensure that no water is present (Note 7). I a small amount of
walef remains, a small volume of absolule cthano! may be added Lo the centrifuge whbo
and the evaparation repeated. '
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) antydro mibemectn
R=Ctb MA ‘ . R-CH anhyko
R=Cdtb : MA R:Cd-h:armmw

62.1 Add 1 mL of a 0.5N tricthylamine solution (prepared in benzene) and 100 pd. of
trifluoroacetic anhydride to the graduated centrifuge tube. Vortex the tubc for 3 fow
seconds (Note 8). '

622 Place the uncoversd tube in a waterbath maintained at 40°C and allow the
derivatization to proceed for 30 minutes.

623 Remove the tube from the waterbath and add 50 uL of 100% tricthylamine, Vortex
the solution for a few seconds.

6.2.4 Return the centrifuge tube fo the waterbath and evaporate the solution under a gentle
stream of nitrogen. Note: The solution will not evaporate to dryness due to the
presence of tricthylamine. Evaporate the solution to approximately the 0.200 mL

_ praduation.

625 Remoave the centrifuge tube from the waterbath. Add a solution of 95/5, CH,CN/H,0
(v:v) to the tube and adjust the final volume muxgﬂmgmdnﬂons on theccmnﬁ:ge
Voriex the solution for 2 few seconds. Note: The minimum final volume should be
no less than 2 mL. Final volumes used in the method vulldnucn trials arc presented
in Tables 1 and 2.

6.2.6 Transfer a portion of the sample to an sutosampler vial and submit l'or enalysis by
high pesformance liquid chromatography.

0}

6.3 izh Perf n jqui romat i i

Use a Hewlett-Packard ODS Hypersil, 200 mm x 4.6 mm, 5u column to achieve separation.
Use a Hewlett-Packard Mode! 1090 HPLC (or cquivalent) and a Jasco Model 821 FP
fluorescence detector {oc equivalent) 1o provide adequate seleclivity and sensitivity
(Note 9).Chromatographic and detection conditions are presented in Section 7.0.
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64  Safety Precautions

Use pormal safety precautions, which include wearing gloves, labcoats and safety
glasses. The use of a fume hood 1snmsuylouummxz:cxposmtothennalm
solveats and reagents used in this proceduse. Special precautions should be taken
when using dichloromethane, benzene and  trifluoroacetic  anhydride.
Dichloromethane and benzene are suspected carcinogens and  trifluoroacetic
anhydride is extremety corrosive, It is suggested that use of these rnaleml.v. be limited
caly to a fumchood.

65  Limit of Ouantitati

The limit of quantitation (LOQ) for the enalysis of milbemectin in freshwater and
saltwater was defined as the product of the lowest standard concentration and the
dilution factor of the matrix blanks, The LOQ in freshwater was calculated 1o be
0.005 g 1iJL; the LOQ for saltwater was calculated to be 0.0134 ug ai/L. Adjust
the detector gain, calibration standard concentration, initial sample volume and final
extract volume to allow deection of milbemectin at 50-75% of the LOQ.

6.6 im iy r Analysi

An experienced analyst can process a set of approxmmnly 15 samples and prepm:
them for injection on the HPLC in approximaiely ooc 8-bour day.

67 : ntial Probl

Floorescence detection conditions have been optimized to provide significant
selectivity and sénsitivity of the twa components of milbemectin. No interferences
have been observed in any analysis of milbemectin in freshwater or sattwater. Several
areas in this methodology are critical to the quantitative recovery of milbemectin
from aqueous matrices. Please pay special attention to Section 10: NOTES.

70 MW
7.1 _ iption an ical in ith
Instrument: Hewlett-Packard Model 1090 high performance liquid chromatograph

cquipped with a Jasco Mode! 821 FP fluorescence detector. Data was collected and
processed with HP Chem Station software.
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71 Description and Tygical Operating Conditions (continued)

Column; Hewlett-Packard ODS Hypersil, 200 mm x 4.6 mm, 5. particle size
Column Temperature: 40°C

Mobile Phase: 95% acetonitrile : 5% water (viv)

Flowrate: 1,00 ml/minute

Injection Volume: 100 L

Excitation Wavelength: 360 nm

Emission Wavelength: 460 nm

Typical Retention Times: M.A, = 7.7 minutes
T M.A, = 9.1 minutes

7.2 Calibration

The HPLC is calibrated using the calibration standards prepared in Section 533, in
concentrations typically ranging from 0.250 ug a.i/L to 2.50 pg ai/L (Note 1).
Inject a minimum of five standards at the beginning of the run, one standard after
every five recovery samples throughout the sun and a minimum of five standards at
the end of the run. A lincar regression equation is gencrated using the sum of the
resulting peak areas of the components of milbemectin, M.A; and M.A,, versus the
concentration of the standards. The cocfficient of determination ehould be equal to
or greater then 0.985. The sample concentration is determined by interpolation of the
sumofthermﬂungpeakmsofﬂzewmponmtsofmﬂbanewn,MA,uﬂM
from the appropriate standard curve linear regression equation

_ 73 Bsnmmmi.m_(:hmnmm

A representative method flowchart is provided in Figure 1. A typical calibration
curve is presented in Figure 2. Typical chromatograms illustrating low and high
HPLC calibration standards arc presented in Figures 3 and 4. Chromatograms
reflecting a reagent blank, matrix blank and 0.0050-20.0 ug a.i/L recoveries from
freshwates are presented in Figures 5-12, respectively, Chromatograms reflecting a
matrix blank and 0.0267-20.0 ug ».i/L recoveries from saltwater are presented in
Figures 13-16, respectively.
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8.0 AL ATI
8.1 The samplc extract concentration is calculated by interpolation of the sum of the

8.2

8.3

84

muinngpcakumofthccomponmuofmdbmwam,M.A,andMA‘ﬁomthz

- standard curve linear regression equation as follows:

Concentration of Extract (ug 8.i/L) = (Sum of M.A/M A, arcas - Y, )/Slope

The concentration of the original aqueous sample is calculated as the product of the
extract concentration and the dilution factor as follow:'

Conc. of Milbemectin (ug 2.i./L} = Conc. of Extract (yg ai IL) X (Vau/ Vi)
Where: V= final extract volume (mL)

V ek = 8quecus sample volume (ml)

The recovery of milbemectin from the aqueous sample is calculated as follows:

Percent recovery =Measured Milbemectin concentration {ug a.i./L} x 100
Nominal Milbemectin concentration (g a.i./L)

An example calculation for a typical saltwater recovery sample follows:

Wildlife International, Ltd. I.D. Number.: 4206C-101-VMAS-10

- Sequence Number: SAN3

Run number: SAN3IA29A
See Figure Number 14

‘Where:

Nominal concentration:0.0267 ug ai/L
Aqueous sample volume:75.0 mlL

Final extract volume:2.00 mL

Dilution factor:0.0267

. Sum of peak areas (M.A/M.A):436.12

Y-intercept-25.21408
Slope:413.42

Concentration of Milbemectin Extract (ug 8.i/L) = (436.12 - 25.21408)/413 42
Concentration of Milbemectin Extract (ug &.i/L) = 0. 99392 .

Coacentration of Milbemectin (g a.i/L) = 0.99392 g ai/L x 0.0267
Concentration of Milbemectin (g a.i/L) = 0.0265

Percent recovery =0.0265 g ai /L x 100=99.3%
0.0267 g aifl -
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10.  NOTES

. 10.1 Mcthod validation results were obtained from threc validation trials. Calibration
g standard concentrations were varied according to the nominal concentrations of the

recovery samples. _
102 The volume of the secovery samples may be varied depending on' the selected

calibration standard range and the scasitivity of the detector. The smallest volume
used for recovery samples was 1,00 mL; the largest volume was 100 mL.
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T n n _
10.3 Samplc volumes should be sejected such that the mass of milbemectin added to the

10.4

10.5

10.6

10.7

10.3

10.9

sample is relatively constant and less than or equal 1o 20 ng. Sample recoveries are

- optimized in the 1-20 ng range. Do not prepare samples in volumetric flasks with the
" .intention of subsampling, Fortify all samples directly in scparatory fumncls.

Milbemectin adsorbs to glassware surfaces and recoveries will be low if secondary
sampling is effected,

Do not rotary evaparate to dryness. Our Iaboratory obscrved low recoverics when
samples were inadvertently rotary evapaorated to dryness,

The transfer of the dichloromethane extract from the pear.shaped flask to the
graduated centrifuge tube appears o be onc of the more critical steps. Ensure that
sufficient rinses with dichloromethane are carried cut and that all portions of the
organic extract are quantitatively transfesred.

The simplest method to remove residual water on the surface of the dichloromethane
extract is to use a disposable pipet. Pipet all the water followed by one-half of a pipet
of the organic extract Allow the phases to separate in the pipet and retum the

dichloromethane (o the centrifupe tube,

Prior to derivatization, the centrifuge tube must be completely dry; i.c. no water may
be present The derivatization effects dchydration of M.A, and M.A, to form the
corresponding aromatic, anhydride moieties. The prescnce of any water will inhibit
the dehydration process resulting in low of no recoverics.

Prepare the 0.5N tricthylamine in benzene daily. A convenient way 1o prepare the
reagent is to pipet 3.5 mL of tricthylamine into approximately 25 mL of benzene
contained in a 50 mL graduated cylinder. Adjust the final volume to 50 mL with
benzene, . ‘

The method validation trisls were carried out using a Jasco Model 821 FP
fluorescence detector. Our laboratory is currently using a Jasco Model FP-920 which
affords approximately three times more sensitivity. -
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FLOW CHART FOR THE ANALYSIS OF MILBEMECTIN
IN FRESHWATER AND SALTWATER

" -Rinse all glassware with acctone followed by dichloromethane. -
. [
Prepare recovery samples in the appropriale aqueous matrix directly in separatory
funnels. Fortify samples with the appropriate Milbemectin stock solution.
Leave the matrix blank unfortified. '
1
Extract cach sample twice with 10-15 mL of dichloromethane. Combine the two extracts
in 8 50-mL pear-shaped flask. Rotary evaporate each sample, using a waterbath of
approximately 4-°C, 10 a 2-4 mL volume, Do not rotary evaporate to dryness.

i
Transfer each extract to a prelabelled, 15-mL graduated centrifuge tube. Rinse the flack
with 2-4 mL of dichlocomethane and transfer the rinsate to the centrifuge tube.
|

Evaporate the extract to dryness in a waterbath maintained at ~40°C under a gentle
. stream of nitrogen.

. | . ’
To cach centrifuge tube, add 1 mL of 2 0.5 N triethylamine solution {prepared in benzene)
and 100 .L of mrifluoroacetic anhydride. Vortex cach tube for few seconds. -
i

Place each tube in a waterbath maintained at ~40°C and allow the derivatization to
proceed for 30 minutes.
1

FoDowing this period, 8dd 50 4L of tricthylamine to each of the tubes. Vortex
‘ " each solution for a few seconds. . :
i .
Evaporate the resulting solutions to spproximately 200 uL in a ~40°C waterbath using
. ' a gentle stream of nitroges.
[

To the samples, 2dd a solution of 95% CH,CN : 5% H,0; adjust the final volume
using the gradations on the centrifuge tube.
l .
Transfer a partion of the final extracts to HPLC sutosampler vials for analysis,
[

Prepare calibration standards by fortifying requisite volumes of the approprisic mal}iical
stock solution into dry, graduated centrifuge tubes. Evaporate the standards
to dryness using a gentle stream of nitrogen, Follow
. Steps 7-12 to complets standard preparation,
Figure 1. Analytical method flow chart for the analyses of Milbemectin in freshwater and saltwater,






