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Repon Title: . Fo_mcsafén: ‘Determination of Fomesafen in Water by quurd-Solld

Extraction and High Performance Liquid Chromatography huth
Ultravrolet Detectlon

R

Authors: SabrmaC Leung and StephenL Schmidt S HEANS

1 ScOpe

This method is intended for the determination of residues of fomesafen in drinking water
and surface water sources. The limit of quantitation for this method is 0.1 pg/L (ppb) in -
water. The method has been validated for trace analysis of fomesafen at concentrations

of 0.1 to 10 pg/L in water. The Chemical Abstracts Name for fomesafen is 5- -[2-chloro-4-

(trifluoromethyl)phenoxy]-N-methylsulfonyl)- 2-mtrobenzanude (9CD, CAS No. 72178-
02-0. The chemical structure is given below,

. 5t

-2 Summ.ary ’

A measured volume of water of 500 mL is extracted usmg aCl8 quuld-solld extraction
"disk. Fomesafen residue is eluted from the disk using methanol. The methanol eluate is
evaporated to dryness and re-dissolved in acetonitrile/water mobile phase for final

determmauon by high pcrformance liquid chromatography (HPLC) with UV detection at
290 nm ‘ .

3 - MaterlalsIMethods '

The equrpment and reagents described below were used to generate the data and
chromatograms presented in this report. Equipment capable of providing equrvalent
sensrtrvrty and select1v1ty, and reagems of comparable punty can be used

3.1 Apparatus . T ) - S ‘:.L
3.1.1  Liquid Chromatograph '

:

Hewlett-Packard (HP) Model 1090 equipped with a UV diode array detector (DAD), an
automatic injector, 250-uL injection volume option, and a HPLC 3D ChemStation DOS

Series data acquisition system. Instrument with the above specrﬁcanons is available from
Hewlett- Packard Company, ermmgton DE
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312 Injection Volume Modification for HP109O HPLC (Optional) =5 .+ + =
l To obtain sufficient instrumental sensitivity with detectablc HPLC responses from the "~
lowest calibration standard solution, it may be necessary to increase injection volume in

" excess of 250 pL.. The following modifications are required to allow injections up to 500
, uL Other mstrumcnts may rcqulrc dlffcrent (or no) modxﬁcahons

g Replace 250- uL syrmge with a SOO-uL Hamilton series 1700 gas-tight syringe (Harmlton
_#81230). The waste sleeve hole for the 250-pL syringe plunger will have to be enlarged -
to ‘accommodate the larger diameter of the 500-uL syringe plunger (HP 79846- -24502).
Increase the total volume of the i injection loop to at least 500 HL by adding an additional
+250-uL sample loop (HP #79846-87613) between the existing loop and the auto-injector
needle. Note: It is important to remember that the HP ChemStation software controlling
_.the HPLC does not recognize injection volumes greater than 250 pL. -After this _
modification is made all injection volumes are actually two times (ZX) thc volume =~ .
cntered in the ChcmStatron method : !

ot

3.1.3 Analytical Column i

-

~ Spherisorb ODS-2, 5 pm partlcle size, IOOA pore 150 mm long X 4 6 mm i. d AIltcch
~ Associates, Inc. Cat-No. 8545 .

4

-

3.1.4 Analyttcal Balance S . T A
- Sartorlus Analytlc Model A2OOS capable of accurately welghmg 0. 0001g

L - lr !
_g. - . R A
. . , o
e ® s

3.1.5 Extractton Apparatus

Ty

quuld -solid extraction dlsks C18 (Octadecyl) Emporc’m extractlon drsk 47 mm 3M
- catalog No. 98050300155,

Vacuum pump — Welch® GEM™ Model 8890A vacuum pump. .
M1111pore standard ﬁlter apparatus - All glass to hold extractron dlSk

[E—

Lo

. 316 Vacuum Rotary Evaporator' '

. . .
. .. e : o B

Buchi Model assemblies “RE-121 Rotovapor with thcrrnostattcally controlled water
bath for evaporating methanol eluate in 50-mL round bottom flask.

<347 Solvent Filtering Unit R R e

'Mrlllpore All-Glass Filter Holder for 47 mm dlameter ﬁlters catalog No. XXIS 047 00, -

equipped with Millipore 0.45 pym porc size HV filter, catalog No HVLP 04700 for .
‘vacuum filtering of HPLC solvents. . :

3.1.8 Glass Flasks e e |
- 50-mL capacity, round-bottom, Kimax No. 25285 for collecting the methanol cluate.
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¥

3.1'.9' Glass Bottles

16-oz clear narrow-mouth with PTFE lmed caps for collectmg water samples 1-, 2-, and -
4-0z capac1ty, narrow- mouth w1th PolySea] -lined screw caps, for stonng standard

-solutlons o
3.1.10 Pasteur disposable glass transfer pipettes ' -
- 3111 Glass Pipettes LT R ' : f‘ T

1-, 2-, 5- and 10-mL dlsposable graduated glass plpettcs for general use (ijble)

' }3.1.12 Syringes : . . : S
- 10+, 25-, 100- and 250 ].!Lcapacny (Harmlton gas-nght1700 senes) for sample -
fOI'tlflcatIOI'lS e
/3.1.13 ‘pH Indicator Strips ‘ o T T

EM Science ColorpHast®_ strips, 0 to 6 pH ‘r.ange, catalqg No. EM-9586-3

32 Reagentsand Standards
321 Water _ o . e e,
- HPLC gfade, Fisher ‘St':i_entific. Catalog No. W54, - _ e . S

Ve

3.22 : Methanol Do e : SR S :
.. HPLC grade o;,High Purity 'S.olvent (supplied by Burdick & Jackson Catalog No: 230-4).

Lo

e
RN

3-_2.3l..GIaclaIAcet:cAcld T U SN
Certified ACS grade, Flsher Scxennﬁc Catalog No A38C—212

¥

3.24 Acetomtrile

; HPLC grade Burdlck & Jackson Brand from Baxter, Catalog No 015-4

4
W

3.2;5' Potassium Nltrate . . T
" Analytical Reagent grade, Mallmckrodt Catalog No. 7028

A ¥



+ 7" ;TMRO0883B’: Page . ]

-+ 3.26 P.hosr':l‘loric Acid .
' Reagent grade, 85% . ..

3.2.7 Sodium Sulfate - _
' ‘Anhydrous, Certified ACS grade. - .-

328 ’ Preparatlon of Mobile Phase Solutlons

Mobile Phase Solunon Al (Acetomtrlle water 10: 90) S v
Dissolve 1.01 g of potassium nitrate in 900 mL of HPLC grade water. Adjust topH3

with phosphoric acid as indicated by pH sticks. Add 100 mL of HPLC grade acetonitrile.
Mxx wel] and vacuum filter through a Mlllrpore 0.45 um pore size HV filter prior to use..

‘¥

~ Mobile Phase Solution 'B' (Acetomtnle water 90:10):
- Dissolve 1.01 g of potassium nitrate in 100 mL of HPL.C grade ater. Ad_rust to pH 3
- with phosphoric acid as indicated by pH sticks. Add 900 mL of HPLC grade acetonitrile.
. Mix well and vacuum filter through a Mrllrpore 0 A5 pm pore size HV ﬁlter pnor to use.

' Mobile Phase Solution ‘C’ (Acetonitrile: water 30:70): . "
Dissolve 0.700 g of potassium nitrate in 700 mL of HPLC grade water. Adjust to pH 3 .
with phosphoric acid as indicated by pH sticks. Add 300 mL of HPLC grade acetonitrile., -
Mix well and vacuum filtér through a Mi_llipore 0.45 pm pore size HV ﬁlter prior to use. -

3,29 Fomesafen Analyllcal Reference Standard

Zenéca Analyncal Standard ASJ10035-01S, 98 3% wiw punty or equrvalent avallab]e
'from Zeneca Ag Products 1200 South 47th Strect R;chmond CA 94804-4610

3:2.10 Callbrat:on Standard Solutlons ) ) _ o .

' To prepare a stock calibration solutlon ata concentranon of 1000 ug/mL wergh :

accurately a kniown quantity (100 mg ¥ 2 mg) of primary standard fomesafen of known
* purity into a clean beaker. Add a sufficient volume of acetonitrile to the beaker to

. dissolve the fomesafen. Quantitatively transfer the fomesafen solution to a clean lOO-ml.. S

volumetric flask, and dilute to volume. Stopper the volumetric flask and mix the- contents
thoroughly. Calculate the concentration of the stock solution as follows

C=WxP/100 . 1 = _
Where S . P
C = ‘_the concentratron of fomesafen in final solution (mg/mL)

W = the weight of pnmary standard taken (mg)

- P = the purity of the primary standard (e. g 1.00 for 100 0% w/w purlty)
100 . = the volume of so]vent (mL) ‘

, 7 . F
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Transfer the contents into a glass bottle. Cap the bottle w1th a PolySeal‘”-lmed cap, and
keep refngerated when notinuse. .. .. .

To prepare working standard solutions for calibration purpdées dtlute the stocl’c" .
calibration.solution with mobile phase solution 'C' (Acetonitrile:water 30: 70) to give 10,

- . 5,2,1,02,0.1.and 0 05 pg/mL solutions. Transfer working standard solutlons to glass

3.2.11

bottles with PolySeal®-lined caps and keep refngerated when not in use.
Fortiﬁcation Standard Solutions e T IR ‘
Fortification standard solutions are to be used for fortification purposes and should be .
prepared from stock standard solutions different from those used for preparation of

calibration solutions. To prepare a stock fortification standard solution at a concentration
of 1000 pg/mL, weigh accurately a known quantity (100-mg + 2 mg) of primary standard -

*. fomesafen of known purity into a clean beaker. Add a sufficient volume of acetonitrile. to -

the beaker to dissolve the fomesafen. Quantitatively transfer the fomesafen solution to a
clean 100-mL volumetric flask, and dilute to volume. Stopper the volumetric flask, and
mix the contents thoroughly. Prepare diluted fortification solutions (100, 10 and 1 pg/mL)

by diluting appropriate portions of the stock fortification solution with mobile phase

33
3.31

solution 'C' (Acetonitrile:water 30:70). Transfer solutions to glass bottles wrth PolySea]®
lmed caps and keep refrrgerated when not in use.
Analytical Procedure

Preparatlon of Fortlfled Samples

Fortified and unfortified control samples are anaIyzed wrth each sample set to

demonstrate method recovery and performance. Fortify 500-mL aliquot of water samples

3.3.2

by adding known volumes of the fortification standard solution of fomesafen (as prepared
in Section 3.2.11) to the control samples before extraction. For example, add 50.0 pL of
the 1.0 pg/mL fortification standard solution to the water sample to produce 0 1'pg/L
(ppb) fortification. Extract the fortified samples as detalled below

. - . AT TN

quurd-Solld Extractlon of Water Samples )

Before sample extraction, precondrtron the C18 EmporeTM extraction dlsk by passing
through 10 mL of methanol under vacuum at approximately 10 mL/minute. Remove the
vacuum immediately after all the methanol has passed through the filter in order to

prevent the filter from drying out. Pass 500 mL of water sample through the filter disk

under vacuum at a rate of approxrmately 100 lemm Allow the disk to dry and dxscard ‘
the water. )

‘Elute the C18 Ernporem extraction d:sk under vacuum with 10 mL of methanol. Collect
the methanol eluate in a 50-mL round-bottom flask. Transfer the flask to a rotary

evaporator and evaporate the sample to dryness with the water bath temperature set at

30°C (temperature not to exceed 40°C). Re-dissolve the residuum i in 1.0 mL of Mobile
Phase ‘C (Acetomtrtle water 30 70) Final sample to solvent ratio is 500 mLImL for

TMROSBSB :Page /O
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water to Moblle Phase ‘C’. Use a disposable glass transfer plpette to transfer the sample
fmal extract into an autosampler v1al for analysis by HPLC

333 HPLC Conditions

' 334

e

HPLC

Instljumenti_

Column:

Mobile Phase :

Data’ Acquisition:

Flow Rat_g} o |

Column Témperature:.

Detector Waveienéth: ‘

Tnjection Volume:
Sampling Interval:

Run Time:

Hewlett-Packard (HP) Model 1090 cqulppcd w1th o

diode array detector and an automatic m_lector

Spherisorb ODS-2, 5 um, 100A pore, 150 mmn long X

4.6 mmid., from Alltech Assomatcs Inc Cat No.
8545

a) ~ Acetonitrile : Watcr 10: 90 0.01N KN03 to pH 3 '
 b) Acetonitrile : Water, 90:10, 0.01N KNO3 to pH 3

HP HPLC 3D ChemStatlon DOS Series -

~ 0.75 mL/min e o ’
' 65% Mobile Phase (A) L Lo
35% Mobile Phase ) . . .
- Time Table:' Time (mm) %B 7
... 000 0 T35 o
700 4100
B 750 100 7.
800 35
) ll.UQ - 35
oec’ LT
290nm . . ..l
120 - 300 uL ' '
- 0.640 sec

©ow

Usmo the above condmons the elution time for fomesafcn was 7. 2 to 7 3 minutes. See

Cahbratlon

Flgures 1 to 5 for typlcal chromatograms

T ' O |
i .

Before startmg to callbrate thc chromatographlc system first made one or.two mjectlons
of the 10 ug/mL standard solution to condition the inlet and column. Calibrate the liquid
chromatograph with the daily-use calibration standard solutions (Section 3.2.10). Inject
the entire range of solutions, from 0.05 ug/mL to 5 pug/mL, at the beginning and at the
end of each run. After every 6 to 8 samples, inject one or more of the calibration '

standards to assure that the fomesafen response is stable.

-

L

0o
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N the callbratlon range.

3.4 .

3.4.1.

3.4.2

. Fomesatenin Sample -

(" TMR0883B:Page /2

5 e e ™

Analysis of Sample Extracts = o S ' “'," S

Analyze the final mobile phase extract from each water sample on the same day of
calibration. Inject the sample extracts using the same conditions and injection volumes as
those used for the calibration standards. The identity of the fomesafen peak in the saimple
chromatogram is assigned based upon the coincidence of the retention time (x 0.10

_ minute) with that of the fomesafen peak in the calibration standard chromatogram. Dilute

the extract with Mobile Phase ‘C’, if necessary, to keep the fomesafen response within .

Calc'ullat_ions

The concentration of fomesafen in the original sample is calculated by using the external
standard method, i.e., the response obtained for fomesafen in the sample extract is
compared to the response obtained from a separate injection of fomesafen calibration
solution. To use the linear response calculation method shown below the injection

volumes for all cahbrauon solunons and sarnple extracts must be ﬁxed at the same
volume.- :

Calibration Response Factor .

Calculate the response factor, RF for lnjectlon of a callbratlon solutlon as follows

v 'Cstd R o : . !
e -Rstd . Do - EP
Where ' .
Cstd = 'concentration in pglmL of the callbratlon solutlon .
Rs'td. = response units {e.g., peak height, peak area, electromc units) from

detector for the callbratlon solunon .

. o L
P - . e ! . s .

‘Determine the concentration of fomesafen in the original sample, Cs (in pg/L) from the '

average response factor, RFavg, and the sample response, Rsamplc as follows

" Cs (ng/L) = Rsamole x RFavg x D x10° .

Where _ T T
Rsample = response unit from detector for the sample final extract
- RFavg = * 'average response factor over the entire range of calibration
C = - Concentration of sample in final extract (sample to solvent ratlo in
“. - mL/mL)= 500 mL/mL for water

D

dilution factor required if final extract is dlluted to keep in callbratlon C-
range . | : L
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Results/Discussion "~

Precision‘and'Ac’cﬁljJrégy '

Fortified wéter samples were prepared as described under Section 3.3.1 émd analyzed for
fomesafen according to this method to establish recoveries. Recoveries from 9 drinking

.. water samples and 3 surface water samples fortified at levels of 0.1 ug/L to 10 pg/L are.

shown in Table 1. Recoveries ranged from 91 to 133% with 2 mean recovery of 101% -
and a coefficient of variation (CV)of 11%. '

e it

Interferences/Matrix Effects

Control tap and river water samples were extracted and taken through the entire ahal'ytic;al

procedure. No intefferences/matrix effects have been observed. - - ' -

Confifmatory Techniques -

If it is necessary to confirm the identities of the peaks assigned ag fomesafen, the
confirmation can be achieved using an LC column of different polarity. The untreated -
control should be analyzed to demonstrate freedom from matrix interferences for this
technique to be applicable. _ - ' ol C

Limit of Quantitation.. @

The limit of quantitation (LOQ) was ésgcssed by éaffyiﬁg out .recgyéryr éxperimentsI af' 1
low fortification levels. In this lébpratory, the LOQ has been established at 0,1 pg/L for
water. o S S S k o

Limit of Determination Ch L

The limit of déterminafiori (LOD) ha"s not pecn fully established. The L -D was éalculatéd “
using the standard deviation from the 0.1 pg/L recovery results. The.LOD was estimated . .

as three times the standard deviation (3s) of the results of the analysis of six samples. In

- this method validation study, the calculated statistics support an LOD of 0.05 pg/L. :

PR

Time Required for Analysis

The anaiysis Eén be-‘compl'ete’d by one person in one 8-hour wofk day: The procedures

within this method can be stopped at any point, excluding the liquid:solid extraction step:.

The final extracts can be retained at room temperature overnight.

' Quality Assurance

Method blanks of water should be extracted and analyzed along with each set of samples’

_to demonstrate freedom from interferences. Where true control samples are unavailable,
" use untreated water collected from a neighboring area believed to be free of fomesafen

H L i
B .

co TMRO883B : Page /3
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residues, or use deionized water. Fortified sarnples should be prepared as descrrbed in
o Sectron 3.3. 1 and analyzed wrth each sarnple set.

Safety Considerations |

-

~ -+ Personnel untramed in the routine, safe handling of chemicals must not attempt to use this
- procedure. Information on any first aid procedures can be found in the Material Safety
. Data Sheets accompanying the chemical or available from the chemical supplier. In-

general, always wear safety glasses with side shields. Work in well ventilated areas. .
Avoid inhaling pamculates aerosols and/or vapors; and avoid contact of the chemicals

~with skin and clothing. Keep ﬂamrrrable solvents away from potential sources of ignition.

: B ST

Method Notes

To avoid cross contamination between samples during extraction, it is important that all
extraction and concentration glassware be thoroughly decontaminated and cleaned prior
to its use for water samples. Clean all glassware with HPLC grade acetone and :
subsequently with HPLC grade methanol. Be sure to also decontaminate the coarse-frit

glass base support of the extraction apparatus by vacuum rmsmg it with 2 minimum of 10
mL of HPLC grade methanol

" Water sample extraction procedure was adapted from an earlrer resrdue method

developed for analyzing fluazifop and fomesafen in water (Reference .LC condrtlorrs
were adapted from an earlier method developed for analyzmg fomesafen in sorl o

> (Reference 2).

Table 1. Recoveries of Fome‘ afen from Water h

Figure 1. Typical liquid chromatogram for fomesafen ana]ysrs (0 05
o " pg/mLcalibration standard solution) S o .
-Figure 2. - Typical liquid chromatogram for fomesafen analysis (control tap water)
Figure 3. 7 Typical liquid chromatogram for fomesafen ana]ysrs (tap water sample
: # . fortified at 1.0 ug/L ) . o
Figure 4. - - Typical Ilqurd chromatogram for fomesafen analysrs (control river water)
Figure 3. Typical liquid chromatogram for fomesafen analysrs (control rrver water

: sample foruﬁed at 0 1 pg/L)
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i
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Recoveries of Fomesafen from Water

Sample ID Matrix Type | Fomesafen { Fomesafen | Fomesafen

(WRC #16592-) Hg/L Added | pg/L Found | % Recovery

47-1 {(control) Drinking water 0.0 0.0 -

48-1 (control) . | Surface water 0.0 0.0 -

472 (FO.1A) Drinking water | 0.1 0.0965 97 -

47-3 (FO.1B) . | Drinking water 0.1 0.0022 92

47-4 (F0.1C) Drinking water 01 - 0.1057 106 .

48-2 (f0.1-a) Surface waler ' 0.1 0.1333 133 . .

48-3 (f0.1-b) Surface water 0.1 0.1056. 106 ..

48-4 (f0.1C) Surface water 0.1 0.0913 91

47-5 (F1L.OA) Drinking water | 1.0 09675 97

47-6 (F1.0B) - Drinking water 10 . 09470 95,

47-7 (F1.0C) Drinking water 1.0 1.0358 104

47-8 (F10.0A) Drinking water 100 9.613 96 °

47-9 (F10.0B) Drinking water 100 10.05 101

47-10 (F10.0C) * | Drinking water | 10.0_ 9.800 98

Mean Recovery for all fortifications £ CV =. SR 1101 £11%
Notes: 1. s= standard devrauon of the 6 analyses at the 0.1 ug!L fomﬁcanou levcl

' = 0.0155 pg/L - .
2. 7 Sources of test water matrix;

Drinking water: tap water taken from laboratory at WRC Rlchmond CA

' Surface water: river water coIlected from the Amencan River, CA

logged in reference as WRC 16441 22- 1

.

e !

s
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,_ Fiddre 1. Typlcal Ilqwd chromatogram for fomesafen analysis (0 05 ngmL
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Figure 2, | Typical liql.iid‘chromatogra_m fgr.fomésafen énalygis (control tap
- | water) - :

A . , S19=3290.4 Ref=d50 80 of A..IANBV LXOO8 D

T
a0 ralr

Fig_uré 3. Typlcal llqwd chromatogram for fomesafen analyms (tap water sample
fortified at1 Opgl) '_ o
(Retentlon time of fomesafen = 7 26 min. ) S .
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Figure 4. ~ - Typical liquid chromatogram for fomesaten énalysis (controt iver wate'r)-' -
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Figure 5. . Typlcal liquid chromatogram for fomesafen analysis (rwer water sample .
' fomfied at 0. 1 pgll.) (Retention t:me of fomesafen =7. 23 mln )
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