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Sinultaneous Extraction of Hydroxyatrazinw, Atrazine. and Auetryi fionj 
Soote Hawaiian Soil' 

KItIIORiE P. GOSWAMI AND RICIIARi) E. GREEN2 

ABSTIIACT arated front tile mixture of IIA and .atrazint' or ametrvne I
A dinple p~roctdure isdlescribet~d itaomlri r for %iitill extraction partitioningo-r-e i-;-i iprlyIoli l riall llethaloliteoil (if -chhl Itl it i o l ta--tziIltt' ill fll aquomou soil'extract/cllhroforin

2 wllhen the ater/inlt anol e t'rav. ratio %was 1.25. IIAfatrazinei
o -'e lll.tio-.l-.etv |litli 6o-lisolp !no-s.t rift-ro|)ylilll mltra.tioll fron loil was t'xtrtioelv t]elI (d e ,nt.I)ixxolution
zinII' (allervie)thir nomonIm~ok-ate(Inroxlita- of Calcium Chloride ill a(idiilic~d methanol dectreasedzint' ( anetriiit'eI recoveryaid thlti, t'. i (lrolxate I llylroxyatra- of ladded IIA from !)4r to 7f( for lIi] wlil but had no effect/int _ IIA ).T he pro v'dli i0m0ke extraction )y haking ioi 

a cid ified n,lt|,a,,o],ct' f f ihil atio , a ndl%obl)teq t qua titativeuen 
sepa r a t io n o f I IA o to i nlcr e t't 't ' ,rill of Ilil oi l 'x til,tti i t- lt OtI l le( oIlmi i t h ep aleiit t id /i ,/ll i1) * qu id'liq u id l ar- ;%v i arge, f I)II %oil lll. ' l e ,el mh f ae d loII i­
lith i i g. 'h l e f ll o f fli etla l l ol %%. s a dj sted h IN IIC I to 'itf i ar g e of t l ix l llo l at ll%. : 1:1 i ' rt' ,l ,ilr ofv a d dtdi p Aob t ain it fi na l fll of 2 .5 i l th e oi exitla t . usi n g i I:I0 %il //a (1 %be0d1e l e s s suit ibh, f r -il s %i l hsolent ratio. IIA ic ioi %eilfilulal v tion as " 1 for Iegat l'iroeiie I ligi permanentboth Moloka I'l'pie 'li 11ixilll I llilo (11lIranlllt ) oils tMa li arge.
h aiving oilextra lt till alue ot 2. 4 and 3 .4, res.pe(tivrly. Ii 

allcast' aiira/it' and amtit l t (',. qUal ititatiively r t' t'th A dditieI ind'x 1l'ords; triallt tra dtio,,,herlide ex­
fii %oil extracts. After Iotloh atin IIA %%s quanitali v]Y sep) traction, trhazine metabolite, soilextraction, extration. 

'Journal Series no. 1490 of file Iawaii Agr. E xp. Sta, Part 
r 

Extraction frmai Soilsof itdissertation soijiiitted 'ljthe senior author in partial fil­fillnent of the letjliireltie.lt for the 111).D. degree in Soil Sci- I MPORTIANT PAIIIWAYence. Received July 31, 
of degradation and detoxication1972. Approved May 31, 1973.'JufniorSoil Scientist and 'rofessor. iespectilcly, ep. (l-trtazine
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of herbicidcs in soil is their nonhiologicalVniv. of Ilwaii, Itonoluln. conversion to corresponding hydroxyanalogs (Adams, 
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S966; Armstrong and ('hesters, 1908: ArmIstrong, C'hekiters. Separutioil of ll)droxy-l'rdihct Iro lrt'Pait (ent inpoulus
and Harris, 1967; Russell el il., I968; Skipper, (+ilmore, Parliioning oI HA fro n aira/ne or aq o i ssil penn­
a d Furtick, 1967: Ohien, 1970: Ohien and (reern. 19t9). i ar ias nchis hd Ariisi ri l eh \ ial. j 'tf i,7 in -i arll,-

A quantilative extraction ol x-triazin es and their degra- qurrs i adding sit icent I 1Ito ofiain pit . folo %ed
dation products is essential to studies of their fate and in- sdesnth eatin( I h -l prins. hlr
 
leractions in soil. Nullmlerouts references COold he ied olrin ,u 
 arae. s ",I n l i-iiI -siu rehr­
reporting procedures for extraction of 2-chhoro-4-ethl- in chlortirm, leasig\ II.'in theAiloeatu phas,; HA ",,, 
anlino-6-isopropy'lanmin-v-1riazitie (alrazine) Iront Soil, hilt estimaied h\ oltras olet specirophoIntel a ib ') 9 . 
li ll e h a s bee n p ib l is h e d o n ilhe rei:irve r \ o f i, t i \ ti r lelof Ni shl ln l ess2 -mei h , th it)- le nc t I n r d 	 . ,, pl o, 

d-%%,In if II ie) n Ia.i\tl ipih0) l plactIelIn 1re )t ol aie a tI, lrirehth ei r com mo n h d ro 'sa ea r 4n h i cl l ed 	 w as, m d ifed h \ ( )h i n (l ' .+71 , h , i il o an al ,s o,is a I arL' e 
anil+]ic orl aILltllellu soil-etra stll tlille la a ti'. ,i. dl­i t in e 


IVIA). Although r-triairnc herbicides arc soluhle 
 in most ted it a i ii 11 1iiroehlri Ieid atI Ciedorganic solsens. methanol has been preterred h\ nian \fill x ml chlo olrm II \ s s e.limate'd in I il of ile 
%orkers hr extiaci ion either h% Shaking or h\ ise of the 

Soxhlet apparaltu . IHi, 2-hxdro lprotdLLcts -triazines II IA \\,,'IS pha',r %tleo 	 i t\ ll HIhrI.Ir45 3';oIsth1CIapplieudlhrI ni.utCrHl110 I in riierthr al .d 
are much less solihbh' tlhan the parent compounds, and be-
Ing more polr ale UspectCd to be adsorhed on soil it a0 
greater ex te nt, in ou r laho ri tlor \ qLIII irpI M l es t \IiaCt-Cr i '\ pIree1"IfCr l 

IIA iS li adi dissok dd i kaler or methanol h\ a;ctlii- I5 ulb h l

Ing %%'lldilulc H(I to plttoalc lhe IM molectule. lhe S siicC 


fm h oilo nird, .2Iro e~ir de.'gr,rdNri n idtretsltmb 
11 % r t Ti r ile parent II /ines

pIK, ot H-I.,\has nt been repited. hill measuren ents on Cll K tHAT iIS
t 

dlearbed ill inetluiirol ( i)ie.

hdrox\ analo gs islot ther tiau inressuggest IK,, 5. Ward
 
and \Veh' r II 1)6 ) reported that aqureous oltiilities of Mi ace 	 ho H llo crncire d iil C eoserl
hdroxssimla/inc and HA %ere 44 and 38 times hieher. r\ile thesinId kein'g phl high eniugh tl iCpecut an, 
a.res.)ectisel\as, douleh.d pI I 3 than piI 7.atat pH 3.optiitedCat Solubilit, of ameitryne d O,,isi ftf, t te+sted+'\ ,f iile t Ilheproce¢dures"theaci+repir the+'icoiupitlrfr theI+sinitaneotu."asI-+ d tilild at \tract 1i,1 of I IA- and [lie pa+,uent,.oniil,,t d',Protonation of HA oI tile surface oIf soil Colloids results r
 
in the formation (ofa k to tor oit tile prottonalCd Ih dr-oxH
 
species (Rtissell ct aIl.. I968) .IAdsorption o IIA ,issoe:ated \'IFHII.IL 
 XNI) IItIII()I)S

%\ithprtiiation Increases the diftn ll oI reccmering HA Extratioi (if I+\
Ifromt Soil
 
from still. l)eCrlk\lied hrsdrox\-1-iria/ines, arc orron the Stoki.i . o r Kap a srf~mc soil -iriPIs
 
prssible degradalltill lroductl \Ich tire C.\l Oloe polar 	 di' \e.uhill I . e placed iill fino pok,.r.lh ic 'Crllri1iiccthan HA and are likelh to prse a more sesre elaclioll t',I ltie ,,,I properties ,at en in Itable I Soil ,,r,pIC,
 
prohlern. Skipper et al ( 19671 r.coxi unx 25 ; ot lreared
rCd 	 acre qi ,oljIio rue:\Ih mii itr, s III rIf libltd ni­
the applied II( -alrililne ili nietinol 	 '.\tracls oL sterile id ptinnds(,r II.'\ Ii' ilireI; ,, u .it%l1\lh tlnt+ JI1r.r11,nrr 'd1\',I 15lt w %I\\ h ,ill 11111 o H I ,I1 onea/ine"
nonsterile ol s. 2 hto -4 cks alter I1( -airai e tt lti ru 11.-Srrir/n l rton a c OIld,,.lll trl l %i,/i, Ld.11 - orT nc,,,1,.,.Ihe losmrecoer\ of 1(' %as1probalhlI t e totleadsurptiin m,,si'rr rr %cneriu Ito ,, .or eli' , lh. riit1C leu) .I,,1CI %kil 
toi HA. the lrincipal proiuct ot l 	 nI;ial/ilc dgradlltlloll ItllIr shipli . 'hr e h,III s llh r.,nr id Ai11L' i l II,

,oils. Harris (I196S) , ludied sIi/ine li\ rtl inn soik icir1eraiureIusis 21 ( II \11 Ctill.11 iriniri (1,ii sirpIc+
, i l ilI 

and h tind that Soshlet e traction \\ilh tite.lrarril aCre srI l ' l 1C irire111.11 ak-i t 'irii0 CM
l eun lail'lel. riilh th.' i.nli S'i Ii(a - ht 1i 	 tei.',,iil liiln'i Ali\erll -1-I s(1, 11'I s ir a .
ered most (if tihe sinia/ine hut less lnan hal t(i ,l sill eN acre ,f he irtrl s1r cil ill dilf L. .' a lhi 2 -ill poll sl
h tIroxsslnai/ e. lie rec r\ere'd aiutuiorral ar oi s irllth\- ,r fr.elhati ,.r111,rrr! IrcLrrlluir'itrlnl , 4 .1\ I( I 1 111 
(lrox ,in le , hldiox Ide ii lhe %t,lllskth 0 Sorlirumun suhse- %%r Ill i ri ihiornin ,Ii .LrII h'tliliit.IlliS,\ 
q teni f 	 %fil lepc . l toI . I - hrexlricltir r. A lkali xir etiaiorrrr 1oin IeLI 	 liev\1r.,111i I Ic 11les cre Sh,Irkri Ihot ir , 

shl.- Ct 
siderihle cleanIp before l e extiet 

IrI., , uon- iIIn lI rl -,i-eril r ,iil LlllT tlu rI1 1 rM \( ; 
c in liketld for fir 15 111111 I1 l IIIIillr,I nC Ier. i, rll rlrllr1Cstli.l "i',

chronatir raphie inl ollut analses (lIarris. t'67. ()hien 11IanI 11 d i0 .a ,otlnl rd irirsr %kill) IS 1il,I, 1,1 	 Il SirnIll­
I1'1711) obtained slightk higher ri cier\ of applied I IA 1,111on o l ll +.,Ulllll I v 1'(). 1 j! 'lhCl I10I1)1aind 10)0) g iplillil'ic Iii J 'I'I dho\,ilirii I sliiri oniiirs iffront Kailaa soil (pl I 49) thiring ainsrplirn leisire-	 tie rCCinretr :.Iii',nx 'r 1itd %CILailde.l' , orinlg tiI I liquld


lnents when 0.t5N calciumrir clhloride m,litiin in inethanol SIAM.llail ]lli ,,ecill efn.r
 
;I% n io ,ed the trac e an das Cx ant alr C hes tersT
 

I 970) reptled 89.5'; ielo\ri\ itlr(-lablled IIA front 
 Til. l--il tmmotrlilr 
it fortiflied %oil in three sticcesi\ C \ ractlioll: (i) %%ith -rie depth r, i.,, ,, %,,,,ti
I. IN II(I: (ii) retlnixi$ a bith]cIh\lI canid e-%kaler (9. 11. 	 tme I- gr
and (iii) retflhIinig \kith rethI c ,aa tiie-alter aimmonia 	 ft.illll1,, Si. 
(9 :9: t) I his ssiblv be K,,p.Pro edtire puo canintrot emiplo ed r;I,I . 
whenr the patent cotipotids are also present ili the %oildie %Il()lkal T"'jl, 

+ititl,,iiilwrrr '+114b l. " IeI
I 

+ 0I In."I 1I 11 14.1to lhe likelihorod of hrdrirl'/ing the partil conmpotunds 	
I4 

I hm, i t'lin ll il p . ill * -ro 1i i hI h n lrqiv Ar 
the icid exracltion. +1-i r10."k" I,-ri ' 

http:Ctill.11
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40 --&- MOLOKAI SOIL 


-0- KAPAA SOIL 

01 ..... ­

1 2 3 4 5 6 7
pH OF SOIL EXTRACT 

Fig. I-Effect of pilon the recovery of added hydroxyatrazine
from soil with methanol. 

Slandard counls "ere obtained hb adding the same 'IC-ring 

labeled cormpomnd a to inctIhanolic extracts 
from Ihe untrealedhut siuilarl incttilaled stlis. I)ifferent slandard counts vere

obtaIined for each pitleel. The 
walcr scinItillation liquid ratio
in the coilnte %,;I %is maintained constant to a'oid further 

correctiom i) countine cfficienc 
 due to water quenching.

A separ;te os tolest \ condulctcd determine if addition ofcaillciunl chloride to lile acidified nlthand \vould further im-
prosc the cfficierne, of IIA eslraction frour Ihissoil. studs
%,sa%CollduCtCd in dluplicaic with two soils using calciii cliloride concenttimiis oif nil, (I.025A'. 0.05,%, 0 O1,V and 0.20, 


in a icidified melh;inol 0 5 il of 4,V II( 1 100 nil methanolI[Hilo 


Mtasuremcnit of HA 

Partilion of I1,,\ or , dfhno alra/ine (itrlrl otnsubsequent

estinla hon of ItA in h e aiciulfietf uetfiriulc etract ,were 

achicved h% Ihe chlorofomrm eklr;limon procedure initialh uied
li,Arlatrtong el ail. II o qileoltcols hi, prOce-solutions. 

durc %as i rplllicd 1%()hci i 19)71h. but \\ilh in antendant

decrease in effmicie : tit IIA sep ma;hit
n \Wc liase inrpro re(f 

Obien i pr fe'
plified s o d1+,ii;Itq lI ItI;ii\e partition. A2-nil iUqotit if elfh;irh , c\Iriicl tor metfuail conlaining 
equ, am;iouts of IIA in. rd I!IA ,plus meltrc or lralin
%as icalid asti I) s il 1It2 s\ ItI I i fi25 fill est rub ¢ ih 

ground la ss sopper IIe c riletrii,\%.I siikc l aIfl d 0
oh l( I 

sta nd fo I nmn I) huf I ( I. 2 . 6
CriuIm ioltI, .) 1.1. and ill)ofdistilCd a\ater %%Cre then iddedif t uplicatue iubes. follo ed hhi'

addition if II0 tl of chudolrmi tIlie c 
 nlts were mixed 
lhiiiomigh i, '\sikii lie .',,lesIend-toerlldtules sar;il tunesSimilar mu lng\k;usiepe;led three lir, s\ill :,half-ruin itter-
sal bet" e e ' u s. tletntilI lll i I tribe \ %;i Il-o pened afle r I.
unit %% lie iiuliihlen i phase %,isclear. m;id l;ppedt pen tl.i;ln,clilofor it foiii tile 'ItleslIIIIIto ict hosse r phase. etIf 
liteaqueous phac \aus ltiri'd,, tuf nnliaflitnte allo for\\ ifN cd

clairing A S n0 luoi o.f phas.5()OI 1he uqu1eous %a;iapipettcd

nto i collillitg \al ind i edf \sif h I rll 
 iillllatior
sll ior 
fol cIliatioll tItileIer( <ilt ion tit flhepelccntfc ldif IIIA ruh1 1\1.I. lit'lolsi
llI~;,h 2, I|;,it tilte!-filIahl-

qimot Oif CiiiAelf ltile o r ugi ,u\ru \t,Il \ ,N'seudfill trle total'ollre of tile mqluueots-mrllm l phase (2 fill ritelhutiol ctlracl 

.5 rl I I ' ml s\%utenaIdded) I lIe procss ws repeated 


%ili2 ill i liquofat if
nietaffl c 5,llltioils iif I l'.abe l d lattnc­
tryne or itram to nlilt)%% crreclins for any radioactivitfronthese soii,,r, piewit inirle qiillois phae used for
hydroxv.proumct aissa 
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0I-60 MOLOKAI SOIL 

- H IL O S O IL 

0 ...... L . J 
0 005 010 015 020 

N CoC 2 IN ACIDIC METHANOL 
Fig. 2-Effect of calcium chloride in acidic nlethanol oil the 

recovery of addfe(I hidroxsatrazine from soil. Extract pll
values are shown in Table 2. 

RESULTS AN) )ISCUSSION 
ixtracion of IIA from Soil 

Ihc results sho%%n in ig. I clarih denlonltrate Ihe large
pH-depen 4 cnce of HA desorption from soil h% niethatiol.
'he PH-dependence I. more striking in Ihe llxdrandept 

i 
(Hilt) soil) than Il the tvo ()xisol, rolokai a apaaand l.soils). T-he recover\ of HA v as 8' ' front Kipaii aid 
96" from Molokai soil Mshen the pll (i tie oif niel.,1 nol 
extract reached 2 0, %-hereis 4 - ILA desorbed fromHilo slreahen t ph1-of teriitlr\ etcts as olx 

%ien the It of the lclhatio C\IrIcI %i,,onh 
3.4. Ihus the extent of IIA dcsorptloit Iilo,iar flrot soil 
to soil at an\ pi AllgIa en aI=loC. our lt s IrI;ebsd On 
at single-step shAing prrocedure. Ili cas of loss recoveries. 
a Second or third 1x taction ,lo uld help icc ose r the re­
maIning ILA. Aso, our soils, ssere inciihIitd for oriJ\ 411
 
hours prior to tileextraclir. I oaser recuo' cries 
 could lie

expecled fro soIils iIiciihticd for s eril "ecks ilo nger.
tor 


()uerit (1I 711 st'i Iie i ed incI l ei ill ellici llc\of 

extraihng ItA ashen ( a(l ,aahddd to rIIin-cldihied
 
ilethfiallol. he poiSihlc e'Ihaiceriteiit Of IHIA extraction b)
addition of ( a('l, fo aciLdifie dl mireth aiol 101.5'; ot 
 4,A H ( I 
In fletl llI) ,is e\ altiati l III the p\j,"Ire+,I d\ \,ith N olo­t 

ki l a d fil o soils I I v 2 .
 

lie recostei\ of I IA from

\lohokai soil Ietutirlted 1nunafcld 
 h\ the pireselice of cal­
ciim chloride ii acidified Itlhliol. hit the iecoverv ifHA front I lio sil sa,, dLcciased In iilc llrensirgcoiceln tra­
lio n up c l it)lt)( .S,V ( a( I,.A ' m n l ie Ill \;lie, 

of nellthrIolc extractI mites"oil or sll" (lahle 2) ,
thal In tihe lil() soil Cxtrlact, Jll iiilceased asith InceIasing
concenl ratioll of ( al('i, eICIas c lmiu 

ils i slho\ka 

s.h lno JAI ge occurred iiiextracts ot the IKiplaa arid Nioloka soils. Ihis lhit change 

n t e l1,oIi L rl t lllt e vd l~ 'Il extract. anid ilree ldeuc l ld ic d n c.f
Il -depenldence of
IIA extraction (I ig. I).sutggct that lhe resulls lor Ililosoili Ii Fig. 2 \sere die to the effect oif ('a(I. oil jIl in
thi, ,, . I hisk effect is nol surprising con ldering tilemin­

eralogs of fhe soil (atnrphtruis hsdrat ahitinino-silialeand iit of.es iron and alumInti ) anard the klnown effects
of lectrole conctentration t p , Whe as Itmost soils 
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Table 2-Effect of calkiun chloride concentration, on the pll 

of acilified inethanolic soil extract
 

Nnrmallv, o ('niA1,-i", pl1 '+l l 
In icidi" m,.hihanl IIlh , ,, oia,,..l 

11It1 4. IS 2. th . if 

II.211 4.23t 2, :,h . , 

of from lolokai (pI)t 
extract z :1.1 ) a iid partition of hydroxyatrazi tfronta me­

tryne or atrazine by liquid-liquid extractim with
 
chloroform in soil extract or stadard methanolic 


.soIotioii 


Table :-Ilecovery s-triaziies n soil of 

_ _ _lut_ _ _ _ _ 
ctract f f riiA i-zIni 


4I- vnrnpoud t, -nt,-,im. iTa! In qu-kii-rmh:anil phase 

exi l+iriIon I Ir or 

appilhid r ,oi f Sloll ,xtrici t tindard m, hnl solution-
- J ;+'If if N o,,,.r ,.d --

IA and an,tryl . 'i.. I . I2.1. 
IIA 
S IrI ( .4h L I. Si ,Ii 4 "'+. "' *'' r4 

%mtr;vne 0. 4 . 6 n.1' ".- ' 

Si,,n d.i,,,in ,0. ,,,. 4 ,;.'I 
n IA, re,,oim aqu-fluim-


.ethano] ph-:- -, ':liIm ( :o4 p-r-ln, if Ih. iapplled ,n ooniturd, 

S\htn uni ini- or it r:,ln, %a o1hd without hi In ih, 

* Vilu not Includiid In ,hl, on if moi-n d-ivioin Iu, , (iffi.-n', In rrdrir if toagnl­
tud,.. 

contain .ela minerals which hase a net negative charge 
hroughoLt the pH range used in this stud\, the amorphous 

minerals f H drandepts of Hawaii has e a net positive 
charge at los pHI soils wvith a net negative charge mani-
test a pl-f dt'crae fin the presence at an electrolyte SLch 

as (a(l.,. hit soils %ith a let positie\e charge shas\ a pH 

increme { {lkmiti and Lchara. 1972). thus in the Hilo 

so,. the (ia(l., increased the pH and caused a cancorni-
tant decrease in HA teca\ery. 

To determine the correct acid timethanol ratio tor niaxi-
mumnrecaser\ of h\droxs -v-triazites ht I particular soil. 
vie prepared 1((1ol sohllme, at aidi II methanol in sepa-
rate flasks containing 10(1tto I.1(( ',I \oltiies o 4N' H(l]. 
Aflter sail e\tiactin it fll the acidic niethanol. the pH toa 
tile soil extra.llIs ai iastu red. It soIa, cIln-.idred unld.esir-
able it) establish tile p11 ot thle oil extract beloim plH 2(1 

tor fear t h~drolking the paretnt triaInc c0nllptiLnds 
sshen present ilie c\racts cotutld hlbestord. it necessary. 
after ieutralizing the a.cidit\ \\ll iltite alkah. Ihe acidi-
fied methanol e\tracts a tile three sNl ser1, clear arid. hi~nd 
serv little calorfliolu. Na 0lttnle 1niatl \as e\tracted in 

the systenm..-\ h coltoidal appearedbra nitsh precipitate in 
some extracts trtn %lolakai soil an1 rieilir.iliation, [le 

neltral suipernatent extracts s\teconcentrated 2S-50 tines 
h es+aparaltori ulider saeuni,1 and s crc tilized for thin-
layer chromlatographic anallsis ssithott cleatiti 

Partitioninug of I1A 

After extraction tl IIA and parent Iriazine compunds 
from soil in acidified mellanol. tihe HA was separated 

liquid-liquid partition for qulntitat ve determination. lhe 

efficiency oif partititning IA skith ditferent ssaier metha-
nol ratios is shown in Fig. 3. A vaterr methanol ralio of 
1.25 provided quantitative partitioning af HA in the chlor-
aflrn-methiol systen. This %sasachiesed hy adding 2.0 
r1ill sater It in aliquo tif 2.(1 mlmethanol solution or soil 
extract to s\hich 0.5 ml of 0.25N OI(Ihad heen added. 
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WATER/METHANOL RATIO IN SYSTEM 
ig. :- Effect of water on the partitioning of tydr x)atrazine 

from ametryne in soil ext.ract (if iethanol ini a chloroform­
iethalol S+'.,tern 

Ihc restlls ,htained \\ith Moalokai sail extract ssere not 

statisticalI different than those ohtained s+ith a pure nielh­
anolic sitiohn of .\ ()nh 72' (tf fihe added IHfA s%as 
partitioned into the iqueou,s-mnethanoll tlhas, %%hen only 1.5 
lil a\kiter\as adld toIl le ,stemn I c (I 5 fill olt(.25A 

H( 1I,,I il a \.atcr tehanol rat Il If 2" Ihe decline 

in the lctrticlc. kit pairtinonin i [I1\ \kith increasing 

amountl of at .er flor ratiois eLeater tha+ I 2i is hard It 

explain. hit \k.as prtia(l'hltile Ito .an Im,:rc,5,e in the pH 

ss.11ch attLecred prt1olimn t -IA. .ad In idditiotn due 10 
the qtierilhltn etfect ot ctnilsried chl'rotfrm it %%tler 

Increasing, \a.er iethaiatl ratilos \ ci totind io result in 
Incleasing 11-1 s;lhatcs ((I',\ i1111.19721 It Is rcoitfilelided 

thot the liqiid-Iiqtiii prttl0lt tit 1 lAe cirried a1t1 I11 

rotind-gla,,ss SiappeUr d test t es since ruebr stoppers ah­
sorh chlorotormi ond appeaired Ito caue errors in the HA 
deterniminatioii 

I he presence t i (I ifilll ktte11 11(Hc I in the (1H('.­
(HOil HI. () S\,,sein (pH 1 7) prolal protonated 
holh netr lne (yK, 4(0 1,1it ata/ine (pK, 1.7 hut 
did not itter appreciahs their soltibilmit 1,h loroforn or 

\tdrols/e then in a 41-hour period ACiiied tuethanolic 
oil extract (pH ) \%lfth An eItial sollue o skrater
 

hut \ithout additianal I I. ,partitioneid o 1\ Ia iot ,)r1
 

of H|A 1i1the aqLIpOLI.has IflLN[hIs thill appraXi­
natlc hall at the IHA molectiles %%ere notl pIr0ta11,ted In1 

the acidic nictlintol stil extract tid that the ,dditional 
amloint of H-(I \as necessar tr Ltltititaie pritanalion 
and partitioning f the IIA. 

Extraction and Partition of Soil Applied 11A aid Its 
r. Parent Compoun d 

the opu1nized procedure deceloped ftir the determina­
lion of HA soas esluated lither h\ extraction af a 1:1 
miiixture of HA and ainet rste or atra/me frot soil. The 
resulti ait total rect)\eries HIiA alone or IIA mixed (1:1) 
soith aner.tie or alrahine fron soil are summarized in 
Fable 3. Also sumnarized f1' tahle . are the results of 
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H1 Irom ametr.ne or atratine it the soilpartitioning of I 

lt0tllilolC,tl0s or inl standarld solut ions. Ilhe recocries 
101(i.
a1mcir.ti at ra/inc 

sshercs 'lm of the applied HA %%as reco\eed Irom the 
ol 	itre sot-applied .or s.c1 Licarl 

I 

Molokai soil Ot ll the I:I11ixInre1HA and ametrne 

or iiII11 illh Cd.ito soil. tll! tespect ie recosc% ries \%erc 

9, 	9' " dllit 
' , It \koldibe cx pccled 1hat1 tIheC Iecos ­95.4 

ers liiureIII ilude aill the paielit compound and abou 

Il', of If\ aplied to soltile 


I thclolal Ic.r'.o\ii o 
 mIeasuremleti 

,onnllellltl( ICO\xCrd it the nMethanol eXtracts. SlbC-

qucill ,in.ilx'1, I these soil e.tl.acts tor percent HA b\ the 

1toellId li 11d -hlilld JIM tit I'lI1111 
)
Ceditr cont irm d 

\\crc based lltile of 

lit iiell..l e1 ,liiotinkt illptrent co ipotintds, ,ere partl-

ltoici it Itthe a.itloii phase I ablc ;. I he apparent re-

Coxetx Ot IIA Ili ,till tci.tCd \xl jriIeIotI\ l iiraziiile 

due Illparltt polar 11111urities i11i Si ,iiid I 'I '' I %,IN 

the lieirrl piunt compound ,ibotlt I' 1. Pailitioning of 

ILA l hltonihe (\,lih,iitirrtic or atrai/inl intheiliti 
,


Still , qitiltittxle.emlact \%is icals 
A IpOsilC prltii ,isOiMted \\irh Ilie acidilied-trietha-

)oltelilialioti is the htnicil hdrlr\ is of itra.ine and 

anletlsttiedlllrig cs.ti autiti. I he qilIIli\ie lecoerl>) ofl 

tno 	 iti . [ IslIe u llploid-i I pon lntilet \atc1 %1r5ai 

tatreric~siiabx ibl t t/in h dol\'.'.ix iklxi, 20.Iiltell lt n/llell\ir\altlolloccur iie tIh citi i islikce
[Ile 	"h;.lll lite " to oclf22ldhlliqtleQ h ilielC\11\ll ll I)CriitLI. 

2-	 \ecks, ittI steri-
t
ofi 	lli lire/Itc. lis n' Ihol i i tobe Iet rlI\ 

tIIed soil x sterti but let el at pl2 I. r1iixtrotig cl al..
 

19671. .itxl 1ote 'l1,ii kecksa errt c iii \olokai
II lor 

soil buiIlcied.it pll ; l )bictn. l1970. 


Ill\hefollo, ire conluslion ae based ollthe results pre-


sable 


I IIX ,itil iilclm lieor ,italitle k cre Niirltain oil, re-


in step Isliakli extractioln pro­
csted Itorn soil i one 

cedurc using icditedttll methiaiol (sollsolxeril I 1lit 

2 '\ti111e ind micitrmire iere ir.coe\redl qLua.illi-Ulx, 

\1hoit Ilii\ dtcctilC',leC hxdrol\lsi, illthese LO'IiptLinds 

\hnlulollC\IIit I I 
1 Rcctc\ of the ipplied f1.\ liot soil \kit%•Yff in 

HA in . iininrecered r 	 hidrolsis in soil Soil Sci. Soc Amer Proc. 311 	 l'iiitoliln of Ire soil-,applied a.ind r A nAir'i/Ine 

the Ios pH facilitates HA eXtr;atiotI b. methanol in two 

s a>)s: (1)HA is protonated at low pH increasing its soLu­

hility In lethanol: and (2) tilepH-dependent negative 

charges of these soil% are diminished al Iow pH reducing 

the likelihood of protonated HA leing held by the nega­

ii\e sites. 
It the mechanism described above is operating. then one 

u.io expect a etficientll soils hainglosser extraction on 

.i high perlanlent negalise charge in contiast to tle pil­

dependent charge characteristic of the soils used in this 

slud.. [his thought occurred to uLI aftcr coiiplicion of the 

srlId. ahoxe arid ubniss1iol o 1filie manuscript Iforreported 

re jessltl A subsequent test oflei.tractioi ellicienc. sho\tcd 

that onlx 33% lIl' ,AlIr \ 'lcofromt (i­of tie applid I 
saturated 11onimllorillonite and 741 11o111 ( a-S,itnllrated hal­

l ite. Apparentl protlonitcd IA rolitlles t held on 

negaili\el\ chargedI CSionin1ontmrilloite and lialloxislc 

at loss pH arid resist desorplion b\ 1ierhairio Art increase 

inl HA idsorplion orn illouiollfoitte \kxith decreised I I1 

resutslolilnIVt for other irta/ille (e\'eber.is consistent %ills 
166. 	Yanine aid (irecti. I972). 

I hts,. %C Olcnclude thi eic-stepoil shaking procedtree 

us hiighlN ln Illos\ 

nent negani.e1 charge to ble less efficient 
iproposed herein efficient soils Illia­

nted bitt isexpec 	 in 

retiiotg HIM front soils conttaining ia high percentage ofl 
n tirorillorie or other cl,i\N ha\ing a high permanent 

negatile charge. 
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