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APPENDiX IV. METHODS FOR THE DET'ERaNATION OF IIETALAXYL AND ~GA.62828 
RcSIDUES IN tQ~LIHYD~ WA'1ER. AND FIL~ PAPER 

' • .. . ... ,. ,.. ! ' .. . t 

.- ..: 
t:' '. ; , ;... . 

.M~f~ ~ D~~i.-!Qn. ~fMetal-,1 and~-- ResidfJ~,I~ ~ilnfyd• .• :. <. . . ,. .. . ' . 

.., .. . · ..,.. 
•·.METHOD SUMMARY . ·'· , 

ll • ,:( . • . · . : • • ! , ·~ ' .'. , ,•., . \ / 'I '1 ' ":- ,' y ,.- • ,,.,... . ~• ,. ~ . "" ' I 

·The analytical m~odol~ f~r d'le measurement Cf metalaxyt anc·tGA-62826. residues 
. in soil/hydrosoil is presented below. 

.,., .,. 

Samples were extr~ed from soil with 50% m81hanot in warer. S~pl_l!S.were c,ntrifugea 
to separate the soiid an'd liquid iayers. Tile medlanol was driven off using a rotary ilask evapora-
tor and the compounds removed from the water phase with octaaecy1 (C-18) solid 'phase exuac- .. 

. .,-tion (SPE) column after filtration and acidfficadori. Samptes were stripped frcim the SPE co:umns . 
· .'Nith acetone anct. dried .under nitrogen. Trfflourobcion in butanat (BF -butanot) was added and ,:· " . 
. the samples i·ncubated for 45.minutes. ~erndfon was SIOpped with tf1e addition of an aqueous·· 

• • f •, ••• • \ • 

: buffer solution ano a solvent extraction was performed with hexane. Samp1e.s w,re concentr.atee . •· · 
: . and brought to finat volume in iso~cwie ior gas chromatographic nitrogen pti~sphoroµs d~tec: .. 

! tion. .t . . • ..: .. : ·__;'· : · .•.: •.. • . • • .,• . • -' .. · •· • · · :•. ..... • ·• · '. . • ' ·' ', • · ·•· ·•. :, 

, · . . ... . ·. ~. ,<;,~_ -' . .... ,• 
3

. .. . . . . ..... ... 
. EQUIPMENT ANO REAGENTS·.,. · ,, •' ' 1J ' ~• • . · r. 

.. . • ·• ' . . • . ? •• f • 

.... . ~ ' ~-. 
. I 

J'. , 
Equipment. . . ,· I. .·.. .:{~.. .·- . !:, . ·3atanee: 10~;-piace ~-b.,,.;;, . 

' � . • 
•.,•.. - .. ·.." ' .:, ., l '•• • • . 2. . Separatory funnels: .glass~ assorted sizes ·:, : '.: 

' '°•. ~ . . :' .. . · 3. Aouno.bottom flasks: , gtass,.assorted sizes 
· 4. _P~~•.r funnels: glass,. ·..- : . . •• t 

5. ·. : Beakers: glass, assorted Sizes ' ..._ 

' • .. · • 6~ ·· · Flasks: Volumetric. ~ stats 
··7. · Instrument:. Hewlett Packard ~ .,.·gas chromat--~uipped wit~ ar~~gep .. .... _.., 

pnospnorus detector:'7673 autosampfet and 3396 integrator , • •· · 
•·· , 9. ?1pets: glass.Volumetric. assorted sizes · ~· . ·, · ·~ · ·· · 

, ~- ·bottl~~~' .Wheatori: assort~ siZes.:2 ~Land ~ µL gc viats with !eflon ri'ne~ nd'~,·· · 
and meta.I .c~p tops. • : • . . ,· ,:...· •,. .· 

io. Syrin~es: Hamilton. assorted sizes -· · ✓ · ·- ,., . ·:t: ·....,: ,f .,., ' :-..' .. . .. ' 
• • 1' ·,.. ' ....•• I 

. , · 
1--• I , .. .,, i

I 

,-.,.~pringbom ~ Im;. · . ·.• · ·. 
I 
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11 . • C-18 cetadecyl Solid Phase Emac:tion (SPE) cclumns: ' .·' ,. ... . lntematicnal . · . 

12. iemperature ccntrclled water balh 

13. Centrifuge tubes; glass, .t 5 ml glass and _85 ml plastic· 
' -- " 

14. Glass.fiber filters, 7 !='II · · ·· 
15. Bucnner Funnels: 9 cm 

16. Centrifuge . · 

. Reciprccating 'shaker17. 
18. Rctary flask evapcratcr(s) 

19. Nitrcge~ gas ccncentratcr apparaius 

20. Sclid Phase Extractlcn (SPE) appmatus 

•• : : • , ·,l • ~:., 

Reagents 
1. Aceicne, reagent grade 

2.. · · Hexane. _high purity sclvent 
. 3. 2.2. 4 trim ethyl pemone, lsc-octane: .residue grade 

· · ·4. Scdium sulfate, reagent grade · . .. , . 

s: !..1etalaxyl, iot,'Nc. S87-1208, 95.B active ingredient, supplied cy'Cil:a Geigy 
. . . . . . . .. . !· 

Chemical Ccrpcratlcn, Greensboro. North Carclina · 

6/ CGA-62626, lot Ne. S85-0650, 9Ro actrm ingredient. supplied by Ciba G!igy 

Chemical Ccrporatlcn. Greensbalo. North Carclina • 
·7,. 3utyl ester ct CGA-62626, prepaied as 100% active ingrecient. synthesized by· 

Scringbcrn Labcratcries trcm CG"'-o2826. · · 

3F,-au:ancl: Supelcc, Inc. Bellefonte, Pennsylvania. cat NO. 3-3t25M 

_Seil: Agricenier scil shipped tc Springbcrn Labcratcry, Inc. '{','arenam·Massactiu­

setts frcm Agricenter lntemattcnat. lnccrpcrated. Memphis. Tennessee. This sci I 
.i'NBS used tc matrix matcn niethcd validaticn and quaiity. centre: samc1es. · 

'.f,: · ,iigh Purity wat&r: (NANOp~ water). glass distill~ ~ater pas, ad thrcugh a­

...;,ater purificatlcn system; B~ NANOpureTM water purifica,lio1,. system_, .:. . ::_ 

· 11 . · Suifuric Acid: 0.5 M (28 ml C01Ice1111at..d_ per liter) · · · · 
>{:,•

·12. Methane!: · residue grade •. 
. 13. Scdium phosphate, dibasic: reagent grade 

. '"·. 
,.\ . ;PROCEDURE 

• r'• 
\ , ........ 

' ' ,,:..,, ... • f•,Preparation of ·stock ; . 

.:',_,,, _.,Springbom L.aboralaries,_lnc. 
••:.,. 

Baker and Analytidieni
' . . '. 

. . i~t . 

, 

• ,•. 

. •1:, 
' 

... 
•:,• .;, ' . 
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Appraximately lg.) 0.25 gram. (g) of matalaxyl and 0.1 g of CGA~ were weighed on 

~ balance in 100-milliliter (ml) volumetric ffaslcs and dissolved in acetone. A metal!IXYI. prima,y · 
. stock.solution WIIS also prepared by-lghbtg app,oxim~ 0.1 g of the .active ingredient into 

a 100-ml volumetric flask and dissolved to wlume with lso-odane. The metala,cyl and CGA· . 
62826 stock solutions (a- 1 mg/ml)-. stored ,aldgerated (4 • 10 • C) in 100-mL amber serum 
vials with a 1e1lon-lined Uds. These stocks we used, with app~priate dilulion, fer quantitition 
(prepared in iso-oclane) and fortillcatlon (prepared in acetone). Instrumental star,dards for CGA-

. 62826 were prepared afterderivatizatlon to Iha butyl ester. Instrumental standards were prepared 

witn both inetalaxyt and CGA-62826 in r.alibration stand~ so~ons- · · ·· , . 

· Sample Fortfflcatlori '. 

· Method vafidation/recove.y samples were prepared in Agricenter scil. 7he .soil sampies 

were 1.ortified with dilutions of the metafa,cyl and CGA-62826 prima.y stock sclutions and resulted 

in soil coricemrauons of 1oo, 40 and 1oug/kg. Addlllonally, lour samples (25 gramsJ were left 
unfortified and used as matrix blanks. Racove.y experiments were performed on two separate 
days. . .. " 

. ;,_ 

Extraction 

· · Rec:ove.y samples ~re prepared in approximately 25 grams cl Agricenter soil. • 

·Eac:h ;ampl~ was spiked witn metal~ and its acid metaboliie, CGA-62825. Alter mixing with 35 
:nL. of SO'M, methanol in water on a reciprocating snuar for s minut!!S, sami::les were centrifuged 

at approximately 3000 rpms for 30 minutes. The liquid portion was poured into a, roundbottom 

flask. This extraction procedure was_ performed a total of three times.with ail :lie iiquid lr11ction. 

::eing added to the roundbottoin flask. Upon completion of the solid liqu.id ex'-.rac:ion. :he residual 
- .• . . , ' - ' ·, . 

: sci! was discarded.' · 

.Tlie liquid phase was placed on a rota.y evaporation appaiatus in a:Nat~r bath ~·~t a; 

approximately 50 •c. Sami:tes -re evaporated until condensation s1opped. 7le waier fraction 

. ·.vas poured in+.o a centrifuge tube and the sample centrifuged for another 30 minutes. Finally, tne 
pH was adjusted to approximately 2 with dilute sulfuric acid.· · · ' ' ., 

. ,.. , -~." 

,, The test materials were remOVed from the acicfrlled, ~te~ using OC".acecyl bonded siiica 
(C018) soli_d phase extraction· (SPE) columns. The columns were activated with methanol and . 

water according to the manufacturers instructions priorto sample addition. Samples were applied 
under vacuum, sufficient to cause approximately 5-10 ml now through a plasti.c reservoir with a 
filter disc, onto the C-18 cartridge. The water passing through the column ·Nas discarded. 
< • • ' ' • ' • ~ J • 

Springbom i.abora,r,iies, Inc; , 
. .~ 
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Once a11 ..,.-.,.. had been added to the c:ounn, the column was rinsed with two VC1L1mes 

of pH.adjusted wia!r (acidified to apprm;1rna1e1y pH 2. approximmely io mL) and two =tumn 

volumes of 15"' inealanol in water. The VP.CUU111 was increased and the column allowea to' air 

dry. Vacuum was reduced and test materials removed wi1h two 2.5 mL rinses of acetone into a 
' . . 
collection vesse_l... ,. , . , · · 

-.1·' 

-· :. ,·.
Derfwall1ell I of CGI: 82128 .. ·, ,_ .. ~-· . 

Acetone , • h,.s 'Tom 1he SPE were brought to ~~ under a gentle stream ci ~itro~ . 
gen gas. Trlllourobaron in butanol (BF3-bUlanOI) was· utilized to convert CGA-62826 to its butyl 

ester for gas c.11ioi1.ato,Jr11Phlc detec:llo_n. · ·... , ... :.' · · ' 

', 
The esterificalion reaction was carried out _in a water bath set to 85 • C: ror at least .::5 min; 

utes. Samples were allowed, to cool to room temperature and the reaction terminated_ •mu, tna -
· addition of dilute~ sulfate (10 mL 7'!6 w/v) and sodium pnospnate (1 _mL 0.1. M). 

• 
Secondary Uquid Uquid Partition . 

. The sodium sulfate, sodium phosphate solullon from the derivatization was extrac-..ad with , 
· .10 mL hexane three times to remove the metalaxyt and t:utylated CGA:.S2826 from tile water 

pnase. The hexane extract was dried through ai:if1Ydr0us sodium sulfate to ;emove traces _of 

water and collected in a roundbottom flask. The hexane was evaporated t~ dryness with rotary _ 

flask evaporators and the residues dissolved in iso-octane: Samples prepared at or :-'aar tne . 

screening level of 10 1,1g/kg were brought to a final volume of 2 mL'wnii~ sa~pl~s preca,;.ed at 

· higher levels were brought to a larger final volume. The final extract was arialvz!!J oy gas .cnro-:. 
matography. ·' ·" · · · · · · · · · · · · · · · · · · 

. ·•"' 
' Gas Cha, w1� ig1af,ihy <. , 

. . Gas Chromalographlc (GC) analysis_was conducted utilizing the following equipr.-ant and · ' 
conditions: · · • 

Ilewlett-Padcard 5890 gas chromatograph equipped with a nitrogen phosphoro~s ::etec-
tor, MOC!el 7673 autosampler and. Model 3396 Integrator 

·--~· .' 

i Column: !'fT,-35: 30m (length) x 0.53 mrr. (ID) • · 
Flows (ml/min) : , . 

carrier gas (He): approximately 20 
malreup (He): approximately 10 · 
Air. approximately 100 

• 
·t j' , . 

Hydrogen: approximately 3.5 .. 
'' 

, ' .Sprfngbom Labotatories. Inc. 
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Atllltym . ' ,"' ., • 'I 

.. The.metal8Xyl and. CGA-628215 s"..od< was diluted with. iso-octane ~-or~er to p;epai& 
appol)riate.GC caiibratlon standaraS ot apprmi:imatety 50, too. ·4cio an~ .!!00 '-'9IL $~~d · 
sOUions con&alned botn malldaxytand CG.L628213. Anatysesof~• sampl~ and s~;nda,ds were : 

perfcrmad _by programmed Infection. A~~ was COt1Stl'Ucted ;iot1ing,tile peak re- .­
S~o~ v,rsus the conca.ib.diott (p_gll) of the standard i~ed fer ~ou, compounds. 
The equation ccnslrUCl8d from a Unear rag,essici1 analySis was.used to determine the concen• 

' .. . tra:*.>n of metalaxyt ·and C~-62028 '9 1he test sample. . :• ' ··· . . . 
., . ·~· . .. ' •' 

. ( •' .. 
, 11-, r ~ ·: ·• ,... ,·,Calculatfons. ~ ., . ., 

,.• :· 
The folkJwing aqudon was utillZad·in caJcwating the ana~·a1 r~s~~ : .· .....; ,.. ..... . . ' ' , .. \ ' 

I• I 
1i .. \ 

·AnaJytii:aJ ResuJ! (iig,'L) :=Ax O.F. .. ,"'. ·... . ... •. .· ,, 
·• ...·M"lere: ·,. ~ . ... ,,... ., :", .... ." l 

. Analytical Resutt. ci 'cooceuaa!lon of metala.xyl and ~::µ.S2826.-(_ugii<9 ,,. .. A a .ccncenaration (µg/L) Of exncted sample from the r~ression .ar.afysis " ·. '· 

O.F. = ~ factor, ~ ct 1inat vctuma (ml) of the sample to i~itiaJ ll)S!:S (grams) of...' ~•..9Xlrac:t8d .'_, . • ' I' •. •• •,•· •·> 
(, " •.-.. • I ~ •: .; ' •.; ' 4 .'' 
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Method for d'le Deta.ada.atlon of lletalayt and C0£--f?l?f Aesidlilts a1 Ak:e Paddy Water 

METMOO SUMMARY . 

All samples were ex1raded using oc:mdecyl (C.18) sotid phase emac:uon (SPE) column · 

after fiJtraticin and adclftcation. Samptes wae Shipped from 1118 SPE columns with acetone and 

dried under nitrogen. Triftouroboron _in butalol (BF,-butanol) was added and tna samples _inC\.I• 

~ated for 45 minutes. 11,e· reaction was stci:,ped with the additicn of an aqueou~ buffer solution 

and a solvem extraction was performed with ~exane. Samples are concemrated and brougnt to _ 
~na1 volume in iso-octane for gas cnromarcgraphic nitrogen phosphorous det~on. 

EQUIPMEHJ' ANO REAGENTS 

• 
Equipment 

1. Balance: four-place analytic:a balance 
2. Sepatatoty funnets: ;ia.ss. assorted sizes 

• · 3. Round bottom ff~: gtass. assorted sizes 

4 . Powder tunnels: glass. asserted siies 

5. Beakers: gtass. assorted ~ 

s. Flastcs: glass. Volumetric, assorted sizes 

1.. . lnsuumant: Hewlett Packare 5890 gas cnromat.ograph eq~peo wttn a r.itrcgen. 
;:::nospnorus detee:or. 7673 autosampler and 3396·integratcr 

3. ?ip81S: gtass. Volumetric. assorted sizes 

3. Sampte Storage Botttes: Wheaton. assorted siZes with teflcn 1ineo !ics ana me~ 
~mptcpa. 

~ 0. Syringes: Hamilton. asscnec sizes 
~ t,. C-18 Odadecyt Solid Phase £xtractfon columns: 

~2. TempetalUre controUed water batn: 
13. Cemrifuge tubes. 1s mL · · 

\ 

~4. · Glass fibr. filters, ~., cm 

15. aucnner Funnets: ,1 , · cm 

• 
I • 

16. · ~otaty Flask E•,apcraror(s) 

17. Nitrogen gas con~atcr ~aratus 

' I 
j 
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1a. Solid ?.wle Extraction (SPE) apparatus 

Reagents 
, 1. Acetor.e. reagent grade 

2. Hexane. high purity solvent 
3. Methanol: residue grade 

· 4. 2.2,4 trimethyl pentane, lso-octane: residue grade 
s. ·Sodium sulfate, reagent grade, Anhydrous and 0.7% (70 grams per liter) 

6. MetaJaxyl, lot No. S87-1208, 95.8% active ingredient. supplied by Ciba Geigy. 

Chemieal Corporation, Greensboro, North Carolina 

7. CGA-E2826. lot No. S85-0650, 98% active ingredient, supplied by Ciba. Geigy 

Chemical Corporation, Greensboro, North carotina 

a. Butyl =er of CGA-62826, prepared as 100% acti',e ingredient, synthesiZed by 

Springi)om Laboratories from CGM;2828 

9. BF,-ct.::anol: Supelco, Inc. Bellefonte, Pennsylvania. cat NO. 3-3125M 

• 
10. Pena . Miter: Agricenter pond water shipped to Springbom Laboratories, Inc. 

Warer...m, Massachusetts from Agricenter International, Incorporated. MemphiS • 
Tennessee. This water was used to matrix rnatd'I method validation and quality 

contra samples. 

11 . High ;::.~nty water: glass distilled water passed through high efficiency water purifi-
cation system: Bamsted NANOpurena water purification system · 

i 2. Sulfur.c Acid: 0.5 M (28 ml concentrated per liter) 

: 3. Socii.:.~ Phoscnate dibasic: 0.1 M (14.2 grams per liter) 

PROCEDURE 

Preparation :f Stock 

Appr0ximater1 :g.; 0.25 gram (g) of metalaxyl and 0.1 g of CGA-62826 were weighec on 

a oaJance in 1 oo:mu!iirter (ml) ~.Jlumetric flasks and dissolved in acetone. The metalaxyl and 

~GA-02826 stock scJUtions (g. 1 mgJn:il) were stored refrigerated (4 -10 ·C) in 100-mLamoer­

:;erum •1ials with teflcr,-lined lids •.These stocks were used, with appropriate dilution, for quan­

:itation (prepared in :So-oc-.ane) and fortification (prepared in acetone). Instrumental standaras 

!or CGA-62826 are ;::repared attar deriva!ization to the butyl ester. Instrumental standards w_ere 
· ::reparea ·Nith cotn ~.etalaxyl and CGA-62826 in calibration standard solutions~ 

• Springbom l.abonltories. Inc. 
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Sample Fortification 
Method validation/recoveiy samples were !Jrepared in Agricenter pond water. Samples 

were fortified with dilutions of metalaxyl and CGA-62826 prima,y ·stcick solutions arid resulted in 

water concentrations of 100, 50, 1O, 5, 2 and 1 µ;g/l (two replicates at eacn level). Ac:lclitionaly 

four samples (200 ml) were left unfortified and_served as matrix blanks. Recovery experimems 

were performed on two separate days. The first set of samples were prepared in duplilCate at S. 

2 and 1 µ;g/L The second set of samples were prep3red at 100, 50 and 1O µ;g/L cl'le 10_. 

sample set had unfortified samples processed at Iha screening level (1.00 µ;g/L. 200 mL water 
brought to a final volume of 2.00 ml for analyslS). . .' " 

Extraction 

• 

_ Recovery samples were prepared using Agricenter pond water. Samc1es were sciked with · 

metalaxyl and its acid metabolite, CGA-62B26. Recovery samples were extracted from :he pond 

'Nater after filtration and acidification using octadecyt bonded silica ( C-18) scIid phase atracticn 

(SPE) columns. The columns wme activated with methanol and water acccrding to !!::le manu­

fac:urers instructions prior to sample addition. Samples were applied under ·,racuum suf.!lcient to 
cause approximately 5-10 ml flow through the C-18 cartridge. The water passing through the. · 

column was discarded • 

Once all 200 ml of sample had been added to the column, the column was rinsed. Two 
c_clumn ·,oiumes of water and two column volumes of 15% methanol in 'llater were =tided as · 

,:nses :o wash the column of unbound material,;. The vacuum was increased and tt:e column 

allowed to air dry. The vacuum was reduced and the test materials remov~ with 5 r.-:;:. ~f ace­

tone. The eifluent from the column was collected in a receiving vessel. 

Oerivatlzation of CGA-62828 

Acetone residues from the SPE were brought to dryness under a gentle stream ~f nitro­

gen gas. 7riflouroboron in butanol (BF,-butanol. 1 ml) was added to eacn sample :: convert 

C GA-62826 to its butyl ester for gas Chromatographic detection. 

The esterificalion reaction was carried out in a water bath set to 85 • C :or ·at ap~ximate-. 

:y 45 minutes. Samples were allowed to cool to room temperature and the ,eaction :emiinated 

Nith the accition of dilute sodium Sulfate (10 ml 7% w/v) and sodium phoscnate (1 r.-:l. 0.1 M)• 

• Springbom Laboratories, Inc • 

..,.. •'. ·- --••· . - ............ 
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Secondary Uquld Uquld Partition 
The sodium sulfate. sodium phosphate solution from the derivatization was extracted with 

1 o mL hexane three _times to remove the metalaxyl and butytated CGA-62826 from the buffered 
water phase. The hexane was dried through anhydrous sodium suit~ •3 to remove traces of water . . ~ . 

and collected in a roundbottom flask. The hexane was evaporat'!d to dryness with rotary flask 
evaporators and the residues dissolved in 2.00 mL iso-cctane. The final extract was analyzed by 

gas chromatography. 

Gas Chromatography 
Gas Chromate,· 1ohic (GC) analysis was .::onducted utilizing the following equipment and 

conditions: 
Hewlett-Packard 5890 gas c:vomatograph equipped with a nitrcgan ::nosphorous detec-
:or, Model 7673 autosampler and Model 3396 Integrator · 

Column: RT.-35; 30m (lenglh) x 0.53 mm (ID) 
Flows (mlJmin) 

carrier gas· (He): approximately 20 

• 
makeup (He): app,o,Limately 10 

Air: approximately 1 00 
Hydrogen: approximately 3.5 

Injection Volume: 4 µL
' . 

Analysis 
"7he metalaxyl ana ~GA-62!!25 stock was diluted ;Nith iso-oc-.ane :,, cr_der .to prepare 

aooropriate GC calibration standards of approximately 50, 100, 400 and eoo ug/L Standard 
solutions contained both metalaxyt and CGA-62826. Analyses of the samples and standards were 

. perlormed by programmed injection. A standard curve was constructed plotting the peak re­
sccnse obseryed versus the concentra!ion (1.1g/L) of the standard injected fer both compounds. · 

7he eauation obtained from a Linear regression analysis was used :o determine the concen- · 
:ration cf metalaxyl and CGA-62825 in the test sample. 

Calculations 

7he following equation was utilized in calculating the analytical resu1ts: 

• 
Analytical Result (1.1g/L) = A X D.F. 

"Nhere: 
Analytical Result '." concentration ·01 metalaxyl or CGA-62826 l_µg/L) 
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A = concemration (Jig/L) of extrad8d sample from the appropriala ,eg.assion analysis 
O.F. =dilution factor. ratio of final volume (mL) ot the sample to voCume (mL) of sampe 
.extracted 

: ' , 

• 
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