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Development of Organophosphorous

Residue Analysis Method in Mangosteen
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um6'nda

nrefi'mlruriEirnrervri.nrrfrunnfrrtn{roofnrTulnloaylof,n tg rfrn lurftqn taulfrrrr?or

Gas Chromatograph (GC) tf,n Flame Photometric Detector ( FPD) rfiol#lffiinrenerqilnrr.ryij'

Ylr1.{l-11Y63.1 ?2PtL?1unvx]il?vdilrrtril lpru Lte 6irnerrurirl"l arH o i6nra nroaEnravt= t rflua6r]ryqnpi

1lo.l Steinwandter 1985 Tnrtlfr acetone dichloromethane rrny NaCt "lunraari'n 86nrrfi z

Q6rjevqnr{'to.i Steinwandter (1985) runvr{nRrrluufoulerslfr sorbentsfrn sAX Lrny pSA unyxyq'

v'
d1s acetone : hexane (s:7) a^Gnrefi g nfr'n?drdurri'::i6fi t ld'nfrrr]urfoulprunrrrfrru SAX , pSA

itnv Mgso4 nslunrrnri'n i6nrlfi q afrnfrtu acetonitrile *nr NarSo,, i6nrafi s :Jerqnffi6

QuEChERS flo.l Anatacedes, et at.,(2003) nri'n6'rt acetonitrite, MgSO, uny NaCttd'erfitrlulfou

laulfr PSA ttnv Mgso, i6nrrfi o nreilevsnpi?o* ourcnrRs ro{ rrv nlt.trroo arirrriru acetonitrite
t*

.rnr Simpli Q EN QuEChERS extraction packet t{narrJurflloufre fl Simpli e EN dispersive SpE
""^:1^^^5-t^^,?^^:^^-..5t^.^^^-^-----e- v \vq I q , + ^d ^l;.rfl0r?YtFr00'l vll'ir vi't o i6nrafi:.levfru6nrvi'[unrene,:sarefrunnfrr.itfruflurioutr.lc-Li lnaronravt

' .2,4 LLAY,6 fr:.levfrvr6nrvl'[unrenerqnrafrunnfrrrtfr te rfrn snr{u azinphos ethyt i6nrefi g

Iilrvfrr6nrvllunlemrrearrfrumnfrrrtfi'tz rfin flnr{u azinphos ethyl Lrfiy DDVn dtuQ?nrafi s

it?sno:J61rtfrrfif i tO tflpr lnu{,u parathion- ethyl, pirimiphos- ethyt LLay ethion drr,rf,i46fi
:u ^ .i o i 4 ^d ^i
"7 r.J a n1?,1 trt?ryuvr ar 0 tiQvr n n n046nr tvt 6-q ''--- - -

oo
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,
ernnra4'r)#.iotri'n'rrnrtfrrTnn (wro) tufl w.ri.zssa finrrtmnn{ffrfia?fro,iri'::atrrur#g

*nvnrun1wlo{0114'l? z ativ do ntrHnnnl'jrfrtunrtri*d'1"[{lrBrenre6rourriu*ar4tnu-rilttfr*

rAgreement on the Application of Sanitary & Phytosanitary Measure) uayntrrunnntir6',:eqrJertn

vli'ltvnfrnrBien, efr'r (Agreement on Technical Barrier ta Trade, IBT) fi'[ri':]rsly]fffirJ.]Anri:tr,lurr u$a
';i:-ItnYlrrnenrauvird'ir rflulunrnlnflo{ffifluisfifln1v!flo.irrquf dm{ unyfir drrlryrunnrrfintfrfi

oq+yea-^]
nrrurilry:ardtrfi:*etn6:*1ucior.lfi,sl,r+frnd'ru.*nlttnt*gu,uflud,:*trr6'au u.rt{rfluurnan,mfin#uu.r*

nrefird'rrzi*drrin*'ddofiudrrn:*pnrflufiu6,ree* Ailiu:J?uryrdfrfi'{Bgnfrufirrnt*er? milfi'{d?ymfi::: 4
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vt't.iLvlnflnrianl?fr.rl#finnrrnonnr6'orri'rrrnrqlulo'ro.1ri'nrravu'irrilevrvrrt rriu Codex, lSo rfio
d

ru6n{nx'rNryi'rufirrri'u #o.rrlflriFnra6rdrufllufi'orfiruurevr:-r#otrJfrrifrnrafrfil:lrr,rHrrh.lr! do

nrri{aunyfizuuriinreirnr?1yf (Method development) h}rfluurn?S'tu firnranrrsaolnr':ru"[filfr

flo.iAearn?1y1i'(Method validation) tuavilr]dorntrN61l1?nevr,l'irl#arr.lfr:ifrnra (Proficiency

testing) ufiorflunraduf,ufiriGnrefirirHr"[fr'lun1?v]naoL'jrfinrrrrqnfr'on tL:-iutjr urrdoflo 61u1?n

- u, A v v
6o:-t nd':llri rfroroi:laotna1ild1?J1?naorriorrJfrriGnl? (Laboratory accreditation) nrulrFl?5'ru61nn

(tso/tEC170zs)fi.lsyvirhizunnreiureryrfrflufiurrdoflo uavsoHflilfi'nrril1rl?Sludrnn uiluzund

ri o n r r ri r fi u 6r rn :g n e tfl ufi u fr r d r o a n un v:l n o n riu ri o riffi In nr

^- X q u ada o'. t d o t r v q - A qs)4+4
nryilt^u4q'sil syuilunravlplur464inilvu6l?n0Noof n1lullo61'\10f 6LuN.inn tvlo Lv LFttn'9q

rr n u5,r :-lryr,rflnr uayfiil?yAilAn1yl tuny61[.r1?nlfr"lunretursfloud1uto.in1?n?esA tn?1vr.i.nrefr:*

n n frrt1u:ir nrerriroo nriotr-l
I

adoa
26Fl',lIUUn1?

tdailnfIu5-"--- II 4 ^ d qv , J '! *t. rnGolfreifla.lfi1naf tduri roSorarinsfrn:Junt1lL5xq.i (Homogenize4 tn?otevlutt

fi1?nyn1fl{fifl Flash evaporator, Nitrogen evaporator {'ouqrur,rqfi4t rrGot{'ttfra s drur.arit

J
tLav 2 FllLLuu'i rFl?o.irfltil shaker

4l , do?q I tqo^ tlv
2. [n50{rui.:vr-lt'Luyort]fl:JFntr [prttn volumetric flask, volumetric pipet, auto pipet,

erenmeyer flask, lab bottle, ftat bottle flask ttfir glass syringe flu1F'l S frnfifinr
d 5 

Analytical grade tfruri acetone, dichloromethane, acetonitrile, NaCl,3. d1?LFtN{un Analytical grade [Ftt

Na.SO, anhydrous, acetic acid, MgSOo anhydrous

4. filrmfigfin pesticide grade tfrrrri ethyl acetate, dichloromethane, acetonitrile,

trimethyl ammonium strong anion exchange (SAX) , Primary secondary amine ( PSA)

5. d1?mfrd')r5ngrJ16'uri SampliQ EN QuEChERS extraction packet rJavnoufrqu MgSO,,

4 nfru NaCl 1 nf,i sodium citrate 1 ilftr dlsodium citrate sesquihydrate 0.5 nil.t ttnY Sampli

Q EN dispersive SPE tit ilrvnoufi'1fl PSA t s0 finfinfu Mg So,900 findnitr

6. 6'r?l.r'lFr?Srun{roofnrtrvlonv'lofu 19 rflpr 1fruri ppvp, mevinphos, dimethoate,

diazinon, parathion-methyl, fenftrothion, pirimiphos- methyl, malathion, chlorpyrifos, parathion-

ethyl,,,pirin ip-lros- ethyl, methidathian, prothiophos, profenophos, ethion, triazophos, EPN,

phqsalone.tts$.aziph*.s,eful..;............::::::::::::::::::

7. rrr?otsr:.leilnerydarrfiumnfrrt Cas crrromatograph (GC) sfrn Flam Photometric

deteetor iFPD)
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't. ln?EJ?.Jnrr^r^.u,drQrtnvd1?nvnlEr?Qr.rflo.r61?xJ1n?E.runairoaflnr1ur,,londof,a
#q

tg tfrn "[rXfinrlrHr{lriufi'rurrvnru virnrednrnl?nyalEia.Jlrrtru,du, llay61?nynlrJN.rn?q1uds - - --- '-d0 --
uAo

trelA'rs cc fifiri'rners{Frtfrn rPD lfiou'rnir Retention time flo,id.teuriayd'r LLoy sequence

sotaralu chromatogru* drflJuarrnvnlEirJlrt?Sru?,llJ *nyqyfra.lilfl::nnrryrao,^?uo GC lfi'
d r auunqr nri'uo dr{{'n rsu

z. tn?srtar?nvn'tulltFr?S1u?eilsornairoofnrTuv,lony,ioiardovirrflu spit<e mixed

standard solution [!ny matrix working mixed standard solution

3. n1?yrFr6or-Li6nrr

virnrr spike mixed standard solution h.Xflne rririrrju o.s frahnflirjofrlnnfr nrlu
- !u ,a ' ,

fr'rotirlrilqnrfihJfinrmlutflsuqotnran{rooflnrluv{oar,'loia yirnrernaor o ?6nre1 ny s 'i'r
Inafi control sample (rit6'spir<e nra) unr control btank yirnnl{trJri'lni'rodr.:fi spike 1n46nrr

^d ioo^ v,
+. i6nrefilfrlunrmndor t6'*ri

-adai
4.1. x6n1efl 1

ohd r * X'tdi 6:J rvq n ri.t 0.i Ste i nwa n dte r ( 1 985) ri.: fi
",

t ) {'rd'QoEjrrrildn 25 nflr.J 'lu tao bottte rurn zso frnnnme

z) ufil acetone so frn66ne flufrrs homogenizer rrrllJr5e:hyil1ru 13,000
rdd:s!a0u1, uru 1 ulyt

e) rfru sodium chloride I nfti trnv dichloromethane 40 fin66pra rludn r urfr

" [v161?ov^rurie ulnlu lab bottte dfi Narso, anhydrous :Jtyurru 30 nfli.r+)

v ^ Ur r dn{il{ 111_.1?yx.r1ru 10 ulyl

5) rniraranvnrud'rodr'rr.rr so frn6frnr rirtrlaerr-Blrnenurflo:ruu#.r :lf,u-Errnerflu
v

5 s.lnnnn? nxEr ethyl acetate (PR)

o) rirtrlirnre'lvrfzun1erul#tr6o{ Gas Chromatograph tfinr Ftame Photometric

Detector (FPD)

^t4.2.1frn1fli 2
v qhd t t - ; , & e ad r fn1?dna L,f ,tr'tlryunoiso* Steinwandter (198S) fle'prd.iilurllouAruTEnr?lryunFjq \ '' ---r.-:--:-n. _-

##?.@
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rfiuilr qutinn r{n 1fl lu gtass syringe Tnr urL ealn r fl lufrn Er NarSo* anhydrous

ilavrrru0.s nflrt.lrJfr,:r sAx : PSA (1:1 ) :-Elrru t nf,al uavelnri'1fr'ls NarSo,, anhydrous

ileyrrru o.s nflH

z) ffx column 6nu acetone . hexane (3:7) 5 frnfifrnr

3) *:-itaranyarufr'rodrr z frnfrfrna ilrrrrilr N, "lrlurXt*6":nvarsfrrs

acetone:hexane (3:T) 2 frnfifrme iuki column ao.lfl::t{tveioAqfl acetone:hexane(3:ldn to frnfrfrme

.i
+) ur a r : n y n r s fr ao.r f:rt6' hl n n il?r r n eq u rfl o r u#r un v r.l fll rl?r I n a ufl u

,oqtz frnfifrnt riru ethyl acetate rirtrJ inlect rnr6ol Gc xfrn FPD

ad .i
4.3. xonl?m 3

v qhd I d I 4l ,

nranrTnr"[dI6lryfl nmro.r Steinwandter (1 985) Isnd'ilur:]0unrs SAX, PSA_q

ttnv MgSO4

n. n1a6ri'Fr 1ffi6:-Javqnoi'ro.r Steinwandter (1985) mrr{o +.t it'nrtfr t{o t)
AV
n,{flo 5)

t91 r4rt. ntel{pra=t:lutt-lou (clean up)

1) qfrnl?nvnrfld'rod1trur z frn66ne lri1u tuoe fifi psn so finhnf,H sRx

so frafrnflH MgSo, goo frnfinil urfinri\trlrtdrdQflvortex 1 urfi

z) {rtrJ centrifuge fi +,ooo eolriourfi uru 3 u1fi

3) qo61?nvnrfl6i'ru"[n"[6ifl2F] GC viat rirtrl inject tn?ot GC tflo FPD

d
4.4. ionrevr 4

ari'prfi':t acetonitrile [tnv Na2SO4

1) d'.rrheEirclit4n 25 nf,u tu lab bottle uu'tr) zso finfinna

2) ufiN acetonitrile g0 finfifipre [flu NarSo, anhydrous +s nix rirtr.]rldrfrru
J-rdd

rn?o.i shaker nturS': 350 ?sufiiourfi uru to urfr

3i n?a{t'i1u NarSO, anhydrous

4) *ri{nrsa;nrufr'.rosjrrilr so finhdnr nrlu round bottom flask ffxff'lu
ooa6l^aa,

acetonitrite b uEEna? : r,fl': *':trlan:-Exrma rifi'trliurlfurmarflu s finfi6ere frqs acetonitrile

5) uu:-iraranvn1flN1 1 frn66e,r lr.lr1#u#rfrrr N, unvr.lflrrl?rrmatflu

,, ,.1.,fia6fimr firs ethylaceiate rirltl inject rr6ot cc sfiFl FPD

-aEi
4.5. xfin1?vr 5

rGd
nrrrJevqnffifr OufCrrfRS eJo.i Anatacedes et a/. (2003)
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n. nr?6ri'fl

t ) d'ld'eadrlrilqnr i 5 nf,i..l luunon centrifuge tube ruln so finfi6n:

2) rfral 0.1% acetic acid "[u acetonrtrile :-Flrru t S finfi6me NaCt 1.5 nf,H

t"ay N/gSO. O nfal iJnrln utdrfr,:sfia t urfi
. oU r t,

3) ur L:-Jtflfl'rFrQu vortex I urfi rrfr,tv:1fl't? centrifuge fi +,OOO aouriourfi
_d

u1u 3 u111
l,

r. nrerd'nfrlriurtiou (clean up)

1) Andl?6yarula z fra6fiera 1d centrifuge tube filre16'rt MgSoo

anhydrous gOO frnfrnf,i uny PSA SOO frndnisr

z) iJnqnmdrei,:ufio uaymdrfrru vortex 1 urfi
oX rs) urtt-l centrifuge fi +,ooo eolriouryr^u.lu 3 u.lfr

4) urjrareayaltll't t rn. nlT'lr]'rirl{fiQu trt. *ayrlf:rr-Eurmnflu t finfrfina

irr ethyl acetate rirt:-J inlect rnr?ol GC rfrn FpD
A

nrarJerqnri?a orrcr,rRs flo.i European method - EN 1 5662 l2oo7)

n. n1?6rin

J-lt) d'r6'rorjrrfitqn to nit luunon centrifuge tube TulFt 50 ?Jn.

a..Firdd2) LntN acetonitrile il?lr1ru'10lnanne :_lnsn rlEirArElilo t urfr

S) rfiu Sampli Q EN QuEChERS extraction packet rtdrfirsfra t urfi
io!,4d

==nt1lrnl? centrifuge yl 4,000 rorLmourvt uru 5 uryr
l,v; , n,

fl. ntfflsa6.i:.lurr_lou (ctean up)

1) Fla61?avfi1u 6 frnfrfiere ld centrifuge tube fiuerqfrru Sampti Q EN
oh,tvdro

:rsoersive spr ur'Lrlrsritdttt vortex t urfr rrdtvilnte centrifuge fr +,OOo :o:tsiou.rfi uru S urfi

2) r'lFt6't?fivn''lilai'tuuu ntotilru nylon syringe filter O.Z truIrrrmme

3) uilsnreaynru"La r frnfifimr ul"rhXuftfr,lfl N-
Z

4) r]f,urFrrnerflu t fiafifipra frou ethylacetatekir.tpr GC vialrirhJ inlect

=i3ol GC xfrn FpD

drufunnrtvnml{'.i'lutun,rdu, GC tfi n rpD tfrvrenn*:Jf,urilduur{n'}?rnx?t#
Ad \,

r " iy a r siE n'r r s uldan r,t rn.]t'l{trufi naruI rarud'+fi
at'

rdor GC,tfia FpD fi#eegr{ent,qu 6g$*-,,, , , 
"

, '" Colurnn : DB 5.625flurnr6'uilr4r*inni+0.32:mm$1?3*rn6ri?sl6ruuu1,0J5pm, ,,

, 'lnlet,, :''.',ritsd*: splitless, ternperature,'2S0oC,,'pres$ure, 11,,1 1,P,Ei,'

Purge{low 70 mllmin, purgetime:1,,$0 min
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Detector :

Totalflow 75.7 mllmin

Saver flow 20.0 ml/min, Saver time 2.00 min

Gas type : He

temperature 250" C

Hydrogen flow '150 ml/min, Air flow 1 10 ml/min

Mode: constant column + make up flow, combined flow 60 ml/min

Make up gas: N,

Oven program:70" C (3 min) 15 o C/min 120o C ('1 min) 15 oC/min
___|' _______-__)

250 o C (6.33 min) 15 o C/min 260 " C (12 min) run time 35 min

He flow rate 2 ml/minCarrier gas:

6rge[?a1 nnlF]]J 2552 - ri'uuruu Z5S3q

Ao
6[a1ufrri'rrfriln1e

fi'o'r:.Jfr:ifinrenajrtrut{trnrrfir*nndrr n{ri{u{nnfifiunrelnune dtini4'tr,t'm.rurfle6'u

n 1 ril CI Ftyr 1{ n 1 ? rn:gFr?

Oven
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,',r',ort t. unn')?vlaaolr.lrvfrvr6nrntosdirnarrvin{HoofnrTuv'lonv,lof,nlufiiqnr o ?6nra
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gu0rdlt

?ffYt 1 1frvt 2 ,)ffm 3 1frYt 4 ?6vt 5 26vt 6

% % % o/"

recovery RSD recovery RSD recovery RSD recovery RSD recovery RSD recovery RSD

] DVP 93 1.03 96 9.28 50 19.44 B6 3.42 99 5.38 100 13.41

'e,, rnphos 89 5.22 99 5.76 BB 3.16 85 3.93 97 7 .81 85 .1 5b

I rethoate 99 2.8 B1 2 6,8 84 2.57 82 3.98 80 8.97 B6 4.46

, ezinan 90 5. 19 106 3.82 84 3.09 79 4.95 107 3.45 96 3.75

:2.ath on-

93 0.59 100 3.71 86 2.23 87 3.67 107 1.78 10'1 4.69

-:.rtrothion 91 2.75 104 4.79 lbb 84 4.2 109 3.27 98 4.1

: - atphos-

'-::-)'l 94 0.89 101 2.86 87 2.5 88 3.92 110 4.01 100 4.85

','; 3lhion ol 1.81 104 4.24 BB 3.08 89 4."1 108 2.12 71 1.9

, - 'l'cyrifos 80 1.89 93 4.96 7B 1.93 87 4.17 110 2.01 94 4.36

::'a:hion'ethyl 92 0.59 141 3.93 87 2.21 88 4.12 2.8 142 4.41

: - - chcs-

91 104 4.38 87 2.74 B5 4.15 119 2.34 98 4.16

'.'::" lathion 95 4.58 141 4.51 83 2.95 90 9.69 94 4.77 80 2.65

r -::-.:phos 91 0.92 144 B9 aaa 8B 3.8 110 2.34 101 3.59

r-:':^cphos 90 J.4 f, 103 4.3 87 2.21 87 4.42 9B 79 5.88

o, 0.59 102 3.81 8B LAJ B8 4.42 116 ?.M 100 4,3

,:l3ros 89 4.72 101 4.s5 85 2_68 85 4.36 s3 4.75 81 12.59

97 ? 106 4.02 B3 3.84 87 4.76 109 2.29 s6 3.67

96 2.38 110 85 ?,82 B3 4.66 105 3.98 B1 858

:l 3-os-ethyl 139 12.69 145 4.23 70 21.71 42 15.93 '103 2.47 60 23.63

nrr{ruu'rQ6n1?atn?1rd'drrfi:*nnfrrsn{rooflnrTuv,loav'lefln 19 {fin'[uri.lqn lprr1{
ad:,.alas Gas Chromatograph (GC) tfie Flame Photometric Detector (FPD) rJnn')fita?1yf61??tBmn6"l.i

.- -..^^^_i^- ---.-_ ?,. y. , , ag - Y _^a o- 3.;1.:4ftyt?ya:lner:Jtfl?Jflu 0.5 ilnnn?l.JFtonInntil vN o 4nnre iln-til
i6r 

^dtd':6nrefr t tflu46nra:Jtvqnritos Steinwandter (1985)tera"L6 acetone, dichloromethane

*av Nacl lunranri'pr tri recovery 1u:i.l.i B0 - 99 ujofr{uei uau RSD '[urix 0.5g * s.ez r:Jofifius{'
u 14! t ;':-rt{u azinphos ethyl idrir recovery rs6fl 139 urjefrfiud' (prrm.$fi t)

+c t - .g,-en,c, q +.rJ - d , & a 6'
?rin'l?Yt 2 anrl4ourtl'lrTuIEfr t ss'fid{ilurl}eu Inrt{ sor,bentsflp: SAX'p - t1) *ay'

lrilxil acetone :lrexane,,.{3:7} 
' trsit* ei:tJot1jgfll{ud' *a; nsn,1u:itt asg *g.ze:' r:ls$r{upf

:,nl{u azinphos'eth 1finir recovery rqa"fl t,+s:t:Jeflr .1ld t mratrfri}
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^d i- qad4 -^ai -: , 3,ennl?vr3 fiarlxntnu':nl46n 1 tqndrluulloulprunrarfril SAX, pSA, u^y MgSo. al'[u

nraafinrtff recovery"[uri'ls 78 - 89 l:]ofllfiud- ray RSD "turir.l '1.93 - g.e+ riloflufiud- sni{u
azinphos ethyl tLnv DDVP tfrrir recovery ,udu 70 Lray so u]efrfiud nr:ldrd'l 1 rirer.:fi t ;

adiiEnrtfr + ariailx acetonrtrjle rLnv Na2so,1 anrryoroustd recovery1urir.r 79-go irJoflrffuaf.

ttav RSD lusir.i 3.42"*g.og riloftfruri snr{u azrnphos ethyt t6'nir ,u.ou"ry ,u6'u +z tilol:tfrufr
,:
( n13r{v 1 )

^d -JTEnrafr s rJtrqnri-i6 QuEChERS fl0.1 Anatacedes unynruy (2003) afr'n6',:u

acetonitnle,MgSo,, tlnvNacl rL6'nR'r:-lurfllouTrrsl{ PSA uny MgSortdrecouery"lurirtB0-'1'10

r:-lofrfiurfl rnv RSD ludl* 2.01_ B.gT ulofrfiuei- snu{u parathion -ethyt, pirimiphos-ethyt rfir
. 4V a ,

eihion'16'recovery"lurirs 11s - ttg n]oflfiupi (prrerrfi t )

adi
T6nrafr o rjarqnffi6 OufCf,fRS ra.i European methoci - EN 15662 eoal)\il

recovery luqirt 71_ 102 uiofrfiuni' $^v RSD "lurirt 1.90- te.+t i:-]ofrfiuei' snr{u azinphos

ethyl tfrnir recovery rods oo r:-lofufiuB{ 1nrerrfi t ;

coDEX ( 1995; riruuninrue{nreflo}ri:-rrit Recovery deyd':-.,nrlrrr{xriu o.s fiafrnflrlrio

,', rf, o i6 6r fi :l ay R vr6n r nlun r e8 rn er yf n r ?n 6i 1r

ooflnr1uv'lonv',lof,ntfrufluairuh.'rqi unr{u r.o^',r,rr#ufi frrir recovery rir r,l?o4rrflurjrrfrflo3rfi-rt6'
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