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EarlY in 15n1, tha Amarjcan chimmirml Soclstyd Chakical abktenct Jwrvien
ragisdinped lts 5,000, 000tk cheploal. The Toxle Echitinsa conbfal At Imtvemtary
1ia%® E3.000 chenicesl subctancoey whoss BAAUTACEOrS,. Prodesmlng amnd BitinetEs vea
tor ccowarclhl purpoass has securzsd in the Tnited Statew olnes Janpuary, 1973
[THER Inveankery, TSEPA, 1785). Addit!lcnally, the musber of synthetic oogenic
chakichls yEad and dippoxed af by soclaty 1z increaning at » roew of Akout 1000
rav chani=ely gar year, (loehr ond Kaline, 1986}, This codloms yupply of ctogpaunia
tagethax with The vearisty of reactlione they can Rndergo in tha anvirerant Yakas
demcribing thelr snvireroental ingeetr axcapticnally abhl lengirdg.

gf the peidikla leratiwsd Por tha dispagal  of vEztss = surfhos wATREN,
atospizs oF lang the lather Itpresantcy 4 comson lechtlon Cor wawbs dispomal aw
wall sF 48 oppartunity tn nansge wactag with sinlmal seViromeantsl lapact. The
object of the land disposal practles iy ©o deqrade, imechlize, apdfor tzmnafers
the Yadts® into baneficial, or at leart nen Satripantsl rangtitasnts. Thefs ars
orer 200 Induatyin)] vasts lapd treatpent xiteas - ip the United Ttates, ard & llm‘-
mapbar of lapd traatssnt olbnx far 'un.nil:j..l].. wvantavatar and mlwige [Loepnr wed
maline, 1335}, Land di:?.;l.]. af wastap hns ilpcreassed duzing tha past decade amd
in projarted Lo =gntinues to lnermasa in the Coture (Loahr aWwd NALiRA, 1EE].

The study of srganic =hapiralx in the sall savirchasnt has baaTl dielhated Ty
agricuiturel chasjcals (.., ihdwcclcldes, neastioides ard barkisides] wpd
apecitlc compoundp thet paraist ik the aci] (8.9« PCB'e, FBN's ©ee.). This
TMETSY PEIKpecTivs probebly otoutisd beceusds of the prevalanes of aprlculbopa]
chanicals in onll, complenity of reacticns, lerge mmbec of corperunds, and oost
spp=inted with nyganie snalysls. Eparcifiy conpeund sttamtlan hae bean propigeke)
by cha Fermsatisn oF iiste of cspedific ccmpounde, el ax tha apgenic priopiey
prliytamt Jist af 187EF. Tven with tmhis naldoving of famup, the baph apeocimbsd
witn a chemicel by chapicel invextigetjon i» prohibitirs. Tha spprowch tharsfors
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haw Badn to ctilips p'h.rﬂiﬂ:h“il:ll Juripatery, or "o groap compaunds an the panis
af thalr cheaical or physicsl prepertiss and sxvdy salectisd coppeunda fram wach
4Itp. Clasrly, #a sust lnaurs that the gIouplhg of coppetidads 1Z cozpect and +het

tha fastors ursd in the sTvuplngs ;niict the Dahavier and ispme® -ul FoRprgrle
net Etual beed -

The follewlpng stizapts £2 provide 3 framswnrkx yhich usas physlococnemicel
parmastacs ta svaloite Dotentinl Flant ustaxe nf npaotrel oF veaklyY lonizmd oTanic
chamlcals Incm sall. The procedurs doam not pradict plART comesitratlien of
u.lljl.ld.ﬂl: In 3 Fiald witustien. bt prevides & piosmdorm for groaoping chemisgla
by thair ralstive potapgial fox’ plant gptake. A sich, Lb shegle aliow compogrd

- wermaning - IOF - their—-Likellhesd - for - plant- uptake Aol T Theretord, T JuFtiry

axperinantsl svalostich 2a wall an Ldentify chamicels of 10w CONCATT VikiYa tarelng
2¥ he countarproadoctive. If rhoold ales revasl whera informatisn 1y nasded tm
cohlizre tha fCPmening modal. :
EFIRTICR OF cHAANIC CEEMTERLE

Kamy FrackPier impedt rgehic chwsicals in the poll envireomsnt. Tos sum or
thaaw actlons daveraina the fOFRPOURAE ehwilronesenta) lapact (Tiguras 1). riotorw
much A pEH, CEC, OM coptant, Sl8¥Y cuffeht ard anil waTarl content all impest the
rate and axternt of .thesas BErctesad (Corlng and Hamaksr, 13732). In & gilwan
situsrich [soil and envirefmentyl conditlans] howsunr, thi prodidses afe dapandant
ypen the physles] apd chewioal propartisas of tha chewical. The characteristics
af & chamicsl thet Satermine ite diexrlbution betweah Vapar, s6lid, Ligeld we
pdsorted phanas Ln the svil, and 1t§ degredetio® Fatws L4com Ehe charscteriptics
tha®t fdefarmime lip esnvironsanitzl faks ard iapact wpon plapks. Thess procisexs
datarnine net mly tha Fers of the sepegnd that o prasant, bul alss the spded
at viblzh the campeand noves 5 spraads throuch the scil snd ateespbers to schinve
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Flamt uprava of nort chaniesle ip =epeaneratisn depahdent, tharsfora a
StMPoUnd's pelaistancs can slter 1ts ultisdts FaTa ans apwdronasmenl Inpack.
A samaarzent of the melf-life of a partlculasr comprund 17 & reletively siople
vay wi linitirsy tha Dukbet of 19il DoaTnd arghMic compauTuds thet namd to B
eaneidered ap likaly *p» iwpert a plant grovm in comtamirpmtsd scll. The
corcantrekion of synthatic organic cempeurds In the s0ll  Jdecranse with Cilsa,
previding fia furthey sdditions occur. ¥rocemsas contributing ta the decrsasa with
Lihe are kiolpglical andfer chamicel dagradation. Thers pIoCEIsmy hEve badn shown
ke bn dapapdent on sail and envirensents] facters (ia.. renpareturn, wakar
eobhitent, soil pl, ana :-rgl'n:ll: £i., (Hamakar, 1B73). Withowt the quantieative
inforpation nacksakry tao dascriba tha functiomal dapwndsanca of degrade®isn op

.thesa tacters, it hmp-bmen vhown that degemdatian of & lp-l-ﬂi!.iﬂ srgenia chanjmal

can ba demcribed by m Firat order rate constent, o, [Wash, 1980 Eeo wmd Bavidwon,
1540) Jury ot al., 184037 Glllett,1383). Thir paramecer is usually eescgred by
datermining the fttntim u-f bf APpLied chimical repiining after b tihm = ..'El:nl-d.lq
o Equntian 1 ¢

nit). - mio) sup (HO ~ tH

wharm ¥(t)] la thea guantity of the cobpound rameining in tha soil &k tips ¢, The
BLLE-L1IM, Ty, ©F & Coapould id califimd &l the tims requiizsd jor ors Ball of che
concantcation of the chenlcos) st any point lh tioe to ba lowk Irom the coll. This
Le relntad ta The Teta coneeent (p] by - :

Tify n..ﬁ:‘.l [al

Hulr=-lfvas of msany chazicals hawve baen published (TUZEFA, 1$THr Jury ot al_,
1987; 3njth sd Daagun, 19k} . Uniortunetely, rwpoated valuas of b say vezy
inerneyply beosunm :_I-.i.l'l.'lr-d. haltf=)1ven arf cokfmandy 1n tha lul:l. de Tt alvays
caflect Bagradation. DIitan losdss lncluds sther pathways {(i.%., velatilicwbion,
lasening, wka.). Mddielcmally, wet4F cantent, wictchkisl papolztion, and
toppezatores can slqnificarily lnfluvancs Eha sute of loas thud, b chamicale lits
may vary frem aoll to soll. Helf-livee ore raported In Tabhle 1 Zzrbm data in DEERA,
1374, Coppoumis &re diatirsuish ¥rom ona anether of the basla of half=l1ifs ih tom
amil: laps than 19 deys, (Clamw A] 7 bakwadh 10 and 30 Sy, {(CleEm B) ) brmd graster
than 00 days, [Clase €], Glllett conpidered cospogeds of T,, gristar than 11 daym
ef suificiant stokdlity te b of concarn (Glllett, 1P83). The ingpact of <tumicsl
half=1ives on concentiwtion of = pellucant In The meil ovar tiwe ip Ehewn 1o
Tiqare 2. PollucEnts with Bali=lives of lesp than 1€ dayz, Tar sxawpla, are
fofpend o mid thas 0.108 of thelr original cancsntratiem aftar 160 dayr in tha
agll, In concreat, pellutagts with helf-livem af grsater than 18 dayw aee pxill
prémant Ak rIxk of thely erioinal cencencreticons aiter 180 dayp. Thale lrpacx,
ard relmtive potantisl faf piapt upitaska, sra ouoh Bars pronounced than that fop
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Tha svaraga cohmantratisn pressnt durihg the ylant growing pacicd oan be
i calouiated by integratlon of Equation 1 betwesn the 1ipite ¢ and £ [growth parisd)
and dividing by t. AEpuming & Qrovth pericd (i.a. B3 OoF 108 deys] the e¥facrt st
balf-life on the Svaiiee il tenrantration &k u Teweting & the ansunt triginally
appiied {1luptratas that the limits fow clansiticecion of ccapdande bawnd an hair-
livas ara arbitzazy [Flguzrm 21. Tha lsngtl mi axpomsurs (1.4. plank growth poriod)
and ralative avuTEGE nq:n-lm':-l. oust ba ppaciflnd bafoce CORTOUNASE ChW by rlapelFisd
by thaly hell-ljvedl. For sekipla, our uis of o snd AD day BAalTY livas ax
clasplificontinn mrd prints wvas bamed @ k 100 day grevth paricd wnd relgtive
avefuga Snporires #f ©0.1F snd 0,5, Unimg the yass bDalf-1ifs wnd poincs but a Bo
dpy gEewkh pacisd sewne rFelakive svearage sxposozes of 0.7 and 0.7.
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Cofpdiderakla rusaapes dats aplcts an tha -qu_{li.'h:uu e EVaMn AT Scgenie porheg
to the pmil and thet in =he soll-wmkar phate. (Por sjmgliciey, this iz arten
wipTaAled ox 3 lincar lnrptiun imgtharcs tmi:ln[f. 13i): .

Sm H g, ()
whara" o, iw the worbwd cwhasntraticn gk mail}, :l i ths svloklien corFantcexlioy
ta/w’ meil solutjan] ang ¥d (w/ky] 1= the Zlope of The angptlion iscthera wr
discrikution cowffiziant [(Fay and Elrick, 13671 Lquation 3 Aftulbam compleky
revarFlbhlllity and equilleslce Detveen Ehe tuo ]h‘jﬂl. vhich Day not atrictly acour
far zuse chepicalp. Ol Tere and Focgeapa (1%43], Teported that Ehm mEorpt vy
process of X 4,585,230 ,4" 5. hamachnlarsbiphenyl ﬂﬂt'l:l.iltlﬂ mf barh raverslkla apd
mEreTigly bouhd feompwnsnts. Huch hound reziduas ciuld ot e sckredisd by norma)
anelytical technigons, bot could be detected by ridislabaliing. Fimilsx findinge
bava hean Inpnnli By gtharz warking with h“hi'éidll amd chlarseansenes [dhaxn,

1¥iEr and .'Ii:hlnl'lll‘l'. Ak al., 1305} ard mRY ‘.l'lq'uiﬂl'l.'h.l Abowe pathamatlcal approack

Inr serpticn ba podirfied to aceount for bogmd :u:l.ﬂul.'l:_

In sails ahd ssdibahts, -mm the clay :nntul'. in relativaly low, pellatant
forplich oMy prisex]ily cob Eher orghlic I‘;rhl'.'tln:'l 2l the soll, [(Ehaekar st
Thowpeon, 1771; Rac and Pavidesan, 1340] . The deagies of sergptich of the hem lonie
orguai¢ pollutiRht Lf then deperdert bpon the orgsniz carboen sontwnt in the ssil,
oz twdivknt. Taristioh bLetusern watarisls, which ;-_nﬂﬁil'qi.ll axhipie & wilda rangs

of physicochamical propeztias, can then ba rwdoced &y dafining sn orwanic cazken
Simbributian EH:III.:.'I.-I': X )i .

R, = . 14}
whars ¥4 ia Eha lhp- af ths morpilion iscthazw JT; Erxg, snd Fu in the organle

cerhon froctich in tle mail or sodissmk, {Meanx, st ml., LMi]. Thiw arzumayx Lhal
all uighhis mattay hl- the zums chamioml :.tnntu:h.

K, la defined ap- t.'n.- r-'r.in ‘of the organic chemics]l concantratieon in oobinm)
to that in Vatae, whih &k .qduu. solutien wf the e chawirsd is Bi%ed wikh
noectinol and then the orgapic chemicel sllowsd |%te parcition Batvesn tha twe
phaces (Pawsoh, st al., }1%40). Thara heve beah imsay ihvsstlgetions incte the
ralatlongkip Fetweah K_ ael K_. Brigge (2573 £l aalmple TApOrted:

logK_ = 0.3i% IogK_ + B-£2 [5]
from his wsrk with 4 agrisaltusel scils wnd 3¢ chewieals chosisp Par thailr wids
rangs of propectiam. Bimilar releticnshipe, wea Eh-ulti-d:'n £, 7, &, ¥ snd jo=,
bave Laan Dekortad [ Weana, at wl-, 1HE2: :mnn-_huhnnh arsl Westmll, 13817 Rag;
at nl.. 1983 Xarjckhoff, 1%8l: snd Brocwm and !liﬂﬂ, 1941 recepectlivaly).

logk, = logk, = 0.31) : i ; [f]

logk, = 0,711 lagk_ + 0.4% L7y

i
|

e —— TR w A — "

i —

1,

Ths I!l‘l

BvEXr 100
Thux wha
not wval
=arhopn d;
(%) ot
=ahhact i
shown ta
Ay Ehalw
mllaw B

r———

log Kon

Te Bm
ulthin £
flow. P
af i1=20
{3 r pham—
by smil:
smll wit
¥t ef’
plogmig-8

Tapex
the <ol
Prepyupd
1874 . 1
rail =3l




Stant
r and
lonic
a94l,
IR0

Ch]

munls
7 that

tanel
1 with
W twa
o thm

(3]
- vids
v 10,

: Paam,

[%)
(T3

L3 1=H

logFy = 1.02% lcgX, - 6.1 ]
1oqF,, = a.## logl, - 0.346 21
leqR_ = 0.937 logk, = U.00F . . finy

o Ielationanips wiw saurprisingiy simllar ta ope ancother considering Uhay comr
oval 1ma |:hl-.i.1:u1_l, am Well am & leygd husbey af selis and gadimeants (Flours ).
Thus wheh The corption waluva of 3 REITicular pallufapt inm = partisuiar aail ip
etk AvEllible, sdvantage can bm taked of the relatienxhip batuvsan tha arygmad e
carban distributine roefrilcient :.‘l:-] ahd the sccansl watar partitien confficlant
(K, ] =t the chamical . jegarEly. 2 nenesplricel mosaursssn® (FlIpt-ordar molecular
cunhect Ve Lodexes) culfulated [fom the non-hydgsgen Part of tha Eelesuls haw boen
shown te prodlet the K, of vrganic cempaunds with great atuccass [(Eabifla, 1847,
am therm ﬂ'll'ﬁhlltl‘.."l'llul.i !'n!r_ warisun ﬁl‘l;lni: cornpsinde become aviilable 1%t wil)
allcw for thair uss in pleds of K, of K
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To hava grestest jnpace upem plapt upcaks, the organic compoynd PUFE MEAY
within the wieinkry of the Flant Teet, and not bw qgalekly laached svay by mate
tlow. For exampls voat Yesidual sell-aeting herbicides Bave X4 valuvew iz the rongs
#f 1=30 wIEh valoas Wy to a0 Eging satlyisctary for wmasc Eoll wpplleeticns

(eTahar-Bryce, LHR4]) . :n:l'puunﬂ.'l with Xir'e of grester then 1000 becohs lnsot Lrakeed -

by Fell sorption {Graham-Fryee. 1964). Masd on Equbiles 4 anmd Equetion 8 for w
tedl wikh F o= 0.0128 JOM = 2% Fd's 0T 1, 20, 40, 48 1000 usyld rapresswt log
. 's of 3,2, 3,&, 3.5, apd 5.}, Taapecklvaly. ’
Limmip-¥aror Fartitisp

UYapor phasu partitionina of 2 cokpodtd in the tol] Infloanisd the Spredd =i
the compsund Throtqgh the aoil, Even for rchamicalp with ralstively lew vapar
prasmiye, This franaport routs hep besn ghown e ke algnifinant (Moywr,at al.,
1374). Tnoms cnepicals Enet bBvse = high vapor prassurs way casily msve frsm the

" mall molotion inteo Che fail wlr phase. whers Lhey can Esve thiesgbout the pRil
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and mcroanm the soll surfees- The vepor-phase may be taken up &Y the plant githey
throuslh raniy =7 by apove grouwcd RorTidfe of the plant.

Tem copphrteantullzaticn of the coapound batuvsan the call solotisn wod the efir
sphcel in tha soll 1i frequently deporibed by Eenry™s 4w (Tury ot al., 1%83] witg

the sxtent of portjtisning descriced by Henry's constant [Hel. This can pa
calculated asi '

faroy's constant(ac) w S4B X [11]

vheik F = Yapnr frscpdis of pura saluin 18 RE/Eg,
‘N = pilymlar walght of acluts,
et T W AbEDlgty LamparwivEe. end. . o ..
- E = madubility in water wg/l

{Thibodwaux, 1979). Renry's Constant nay be axprusswd in JifTezmpt cnits and vary
y paveral crders of maguritude Aspanding opoen the source oaf the crigine]l dets.
Tol aX3iEPLE, llti:ll_tiﬂ waluaz far vinyl ehleyide of 1.2 X 107 ta W38 aty »/mal
nra rwboItad Ly Rackay and Folu [fPEl] ane goldxtuin [17wd] , ﬂl,“ti'ﬂl.l"l.
Expetzimamin]ly detarmined 3c valuss are conaidered oo rellable than caloulated
valuss. Henry's constant, disetaicnless, for the pricrity pellutsnts iz provided
in ¥Yakls 1. *

Coprehanaive atdics have Bet Feen copdocted Te deteimine the Ho ahews whjeh
wvolatilisation playw an lepertap® rele in tha tranepert of & chanieal In the
atnoaphaca. Thus, it is not pessible 4o salact & Bd above vhich toanspert in the
anil wvill zeior primarlly in the vapor phesa. Fawsvwk¥r, & PRrtition betwann thy
vapar mrd Aquacus phasas of greatar than ],ﬂ"“ ia rnoruslly sufficimmt foxr a
chaaleal te B & goml pressszgenes Berblclds [Ornham=Bryow, 1384, JUTY Wk
ml., (1994} urilimed threw volacility categorias with He valoes of 1.5 @ 167, 2.1
x 107 amd 3.5 x 107, Cillett [1983) oeillzed veloss af 107" amd 8 x 10 §n kg
glueaicicetion. ﬂ'hul,l'hh- valus of 187 sy be b renponakls transitlion poink for
Leterpining whan vaper di.t.‘!‘u:-d.m kaceunm lmportant. This wodld sean that vapar

difforion Wiuld s jwpartapt for sll FCA's ard belogenaced slipbatics snd

chinportant for somd of the monocyolico and paiycyclic sroestica and many
pastividas. Eail I_IED:‘-.i_-IH_'__E-I-H slqrirlesntly Tashuas dbaRickl  walsrdllzseice
(Fulrpenhs ot wl,, 1%87] thus, the aZbitzary walue =f 10" aky cvarestimate tha
ilsprrtanes of velwtilizacion in high organloc carbon sodlip- Jury st al., [1vsa)
used ¥ and K ko calenlsbd wolstillzatien rfloe fros sodil.
FLANT OPTARE of clalsrs CHEETERLE

chemical npteka 3y plants ik 4 cumhlexs precass Lthot may invelve s soppound
apeo} fic wctlva procuess, snd/or & phigive proceas in whilch the chamlasl
secoppanima Ehe HranaplYatlonm watkr through the plank. TI tha TorieY cans
domifstes, 3 Tigoroae ralotisoship Eatweaen plant uptake and thie chepleals
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ph¥sicochanirsl paranstare ed¥ not ewist, although scke genersl suidelinas asy

o sxpacted . IF uptaks into the plut 1 o paseive procass, rigorous relationenips
aEuld mxist.

It iu ganarTally sccapesd that therse are TOUr Daln pAthwayYE DY valeh & chaniesl
In the apll cab anter a plamk {(Topp #t ai., LO84). Thesdw &fw
i. ruoat upiaky A7 SUDMATANE traneluestiom br the transplration stTesm,
2. wvegetsijve optaks f wapexr from the merroumnlisg sic,
J. uptake by sxtarnal cortawihatiesn of cheots by soll and dust, Followsd
by reteptlion in the cuticle or penrmtratics through f6, sl

4. upkake” snd tranepoyt in ol eella whick sre foond in sil-comtadning
plants 1iksé osrrois and cxens.

The apeunt of sh crganic chepieal found Iin & plant will ba the oow roisl of
wach af thoge trlnlp:lr!: routes Binue matabolic lescad, Their respectlvs inpartance
vill depwnd opon the nature @i the ozganjis chamisal, tha naturw of toe woil, and
the envirctmental comditlona undey which plamt AXPOROTS TCCUTW. Tathways 3 £ 4
srn FlgnlZlcant anl¥ 1n spaclile 3ltustions. Thas, for the pPUTpoES of dessritimg
tha genarsl caze of plakt optake,- thay can ba Siccotinted SE BAJOF Foukap of plynt
nostapinativh. Rodt reparted jnstancer of plant uptake of woll-bome »Tanic
DENpSUrdE FukE rw attempt tn discriplinate Betwesh pathvays 1 6 2. Thazrufore, the
rolaktlve impertance of sach padthvey, undar diffarast sawironssntnl vonditions,
BaF Ark hosn axpesend At IEEARC.

Anpt Totake AN Tracriocstics

Shonae and Wood (18TI] invastigated the sbaotpijom srd translocption of they
barkinide cinazine by E-day~sld Tazrisy plante iz sclutisn caltures. The
AXpATimants wmre sithar 24— or dbB-hour sxparissentsa cordectsd umist dliffarsat
randitions of humidity, light iATeneity, tasparsturs, afd lewmld of oatsbalic
Innikitoxs. Tha r-l.:‘.‘lmhip batugen simazine tTanport and wabter pptake e
depsribmd By & trabeplpacion rrream cehcantration Imcter [TECF), dafined we

TECF = U sioazine paxr L of I-‘l":l!.'l'll! lnfutfﬂn

They found that vater wiE fukan NP prafarantislly to rissrine. bacaiss the racy
vas wivays lems than wnity, %.m., the copceptrstlen of simarice in the plapt
shootn par al- of water transpizsd rovar reschad that 1n the scisrnal sclotlan,
Toare var no 4vidowy of loet of or breakdewn of the PREamt compoosd dﬁ.’rlh[ tha
axperiment. The cvanaentykijom af sippeine jp the plent ok, on b fraeh waight
Yaxiw, bowsver, reachad a vaigs grester than wnity af 2 Fesult of phyaleal
sappkion of the herblcids to tha rapgt timags,

Evmluation of othar triasines lad ta the ococludien that plant upteXs wam, o
famaral, 4 pamnivs prosass becsuss TECEF Wik lmtd thih unlty, (Fnora et &l ,1773)].

= —




-] ]

Flant uptake of § bherbicides anmd & Yungicide shawved thet TOCF was independant of
eancentration amd lass than unity for sl)l saceapt Z_ 4~D at p8A 6.0 [Bhona arpd Weod,
1374). In the chsd of 3,40 Nt pE 4,0, plant upfake way matskolically inFluencad,
Arigee «t gl.,(1583) svalyated plant uptake of 10 cheplcale wnd foursd that +the
TECF wap less tham ynity For al) chemicsls siudisd. Thay Twlatsd tha TS0F =5 the
actanalwater partiticon cosfflcisnt (K] for the chemicals &snd Tourd & bel]
shiped Talotlenship betwwnt TICF and X, ¥ith s brodd heXicUs s2oatd m K of 1.8,
A Ganiui® curve [Floukw ) wap fittsd to the dets such that:

JEEF o p.7EAg L i 1WE¥ - L.TH) :‘1,1!] (127
Tha authers chogaptsd that It ¥ valuss Lelov 1.8, trenalocstion 1s-limived by
the Lipid cxmbroned in the rBok. At K vhluas abeve 1.8, tranmlscatlon iw limitmg
by the TAEA of Ciapudport oF the lipephilis chekica]l frew the Plant Toot %o the
top =@ Ethe plant. All t‘lu TIEF waluay wers Lalou ubiey. fugguidtihg passivg
chapicy]l mevememd ‘h'ttn the phoot with tha tracspirstish sttess. Thara wvas no
avidancs that rhasicals wers. taken up againgt n cepcantratian grediant,

1.0

g Enw

FIGFRE, 5  AELATICMEEIF BACIYIEF i1of Eav  ASD -PRAdTFPIRMTIGN
miisk ConckrTEniICE  FACTOR

Ay e % gy gnoal, )

Shooe dad Meod {1574} profofed thet tha optaks of @ chamical into & plant Fogt
cvald b descritwd hr l.ml:_ concartration factar (ACF], dafined aw:

MY ~ concantration in wxtarnnl selution. [prq/mL)

ullnr radiclapelled bDertbizides in rolutich colfurw vith EaIley sasdlings. Lhay
ghowad that the quankity of the herbicide transporisd td Lhe FlADE Staes |XSCF)
epgld not ba Inferred from tha concemmtyetioh I fhe pleat Doota (REF). In
addition, althoagh the RCF of sosa nf the tested hethicides cycwadad anity, uptwe
var not kffmcted by toaperaturs. Thls, suggests the cospainds wera Iwtsioed by
phyrieal zorpticn rather fhan bilochenieslly.

Whan DATlaY Sawdlings wars tramsferzmd froe the herbicids amended sclution
maltare ts & parbicids fred solution, REF decTeasad bafsie TICF wal &ffsoted by
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. tha cMALGE {II:EI.'\l =t 41., 197Ta). Thua lipophills Farkicides appaar to pebaiTwEn
' the cowrcioal =¢lla of the Toot vhearTesa tha llpophebhicr herbicjidiy sze lurgely
_““' confined to the frem cell spacs in The ok,
t the .
‘2 the Brigge ¢+t &l. [1043) found theat MY wes Exlatsd 4o I__ Srarting vith o wmlios
Tell of laps than unity for polar compounds, DEF increaned with irncrepping .
ri.m Jurption of chamicm]ls py oocmpatied roabts wvam vaxy cleoesly telated to cha 50T of
T Livirgy roots,; far tha sore l1pophllle chapicals. IR cORtIAST, (Ea RCT of maoarstad
roeip nankirwed o dacrenss %3 the lipaghilicity SacTesded [Figura B}. Thers vas
[133 1 limear 7alationehip hni:l'lﬂ: the lay riotatkreation Enctar nf the macarstied rogtp
‘i by el e Xz
hi‘- iwm‘ o peral] .-, P 1“”_ - .1,.53.. [ L .- e — Il:l
n tha | 108 9 -
wrsiva
g na . .
i o
Living mnl'l -:;_’._-‘
]
I IR T Pt
a [ 3 a 5 -
1oy gor
FIGUSY & ITHMPET OF TISOTT FIATOF DN TEEF [RIMATIONTNTF
BENLIIN  lag Xy MR T ComCIFTINTION  FALTOR

mmyrys frem Figgm +#1 =r. hiE
. L

dppuming that RoF of living rocts comld Be explained ¥y two proconsss: (1] n
l partiticning of tha oryanic chapimal betwesn The lipophills Foet tlives and
mxT4TRRL Eglubtion cultara snd [2) s {Tectlon of roct thet iy aqueargs end agysl
in samcehtratich e wrtebhsl iolotios phias (Chhatent For Sll Colpours. o.92].
rigge wt al-, (1707} sygqepied that sarphing sl chamlop)es Wy the ot ip a

([~ 11
(ATtiTioning descritad by - . RPN Thc
logdRer = b.#3) = 0.77 legE, - 1.53 by fae LT e R g
Twy rrepogpml ap apalogous STem Lofkmhtratishn Factar [ECTF):
FPE = - mwm_ﬂd_
IT,::: ¥F = Concmbfration tn axtainml SSINE1on (NgsER) ¥
> n McaThtmd steany scrptlop of orpanic compelfels wvaz slioc ¥elptsd Eo ‘H.'l- K, of ﬁ
1- . o
: g
impmirey that the comtribotich of tha agqueous phiss In the oCal Wi Sikdler ta !
elution that in rooty (D B2, the parbition habwvess the atan 3Dd ¥ylss Atiwhm jp: E
cemd By 1R i gy, — O-91}F = 0.58 logK, - 1.88 {1a) 3

e

t\-'u'l,.'uh— o bk oari




Tha ZcF 14 then givan by ton K, im age] PATEEtion confficient mulkipliad by the
partitien ef the extarmsl pelation Pressnd in the xylsm zap [TECF).

zer w p10if-¥ilogk, - l.os o m3]s o "f:tlz':c

; F P L

LCRTTIE bkt MR P (L LY NPT
For 13 chamickle [logik frem =O0.5% €3 1.7], Thr s¥pATinental points Flt &4
pradicted lipe guits well (Tigure 7). The shirt in ilmy X ¥hers TSCF reachas g
maxiaum (1.8} 0 vharw SCF rwdcheor B Deaioam F4.3] arisas BacEtar rorptiom er
the motn lipobhilic coupounds by tha wiss tisevs incresies Toptar Lhan vhy TRy

decTRAZAN. Thae pradistsd declire in SOF for compourds of log Ko * 4.9 wad not
LTI - T e e s . [ e e e e e e e e

7 I
&
£
g .
3
=
5
o~ -
=3 ] 1 F | q 5 & ¥ & -]
log Eon

FIGUEE 7 . GELATIONSETF ATTYEXY leg Kew  ARD  PLART
CONCTRTRATION PLOTOR
SO0 TOe oo gt .. WD

Tharn hite beah sthar attempts £o realats plant uptake and translocatisn of an
ergenic chenical to slither the physlcal or chenical propartiss of the chasdcal,
Topp et wl., (1306] Teported the Telatlomeniyi

lwghCF = 0.61 logx, — §.258 r1a)

fallewing thalr sipewurs of barley suadlings for J-Aays to various cheulcsls in
walnr enlfors. :

Toa Lipcantration f;litnr (CF] foncapt im & oaaful way of Sascriking the
relutive comcentration of M e¥anis Cheninal dip o pertizular plunt paret. Ix Ban
eany Lisitations, bevwvir. Thers arips bBacaure the ocehtertritics of organic
dl:—l.nh. both withiz tha seil or outricmt selueion and within the plapt pact
90 Not raleln conabaht VAT tlew. Chamirals 1 The pall, or in putrlent solution,
any g dapletad by plant nptake o dagradetiomn: chemicale in u Flant ma¥ 2l84 ba
radursd With klys by dsgradetion withln bthe plant, or by incrasdas in pleat hids
witaertively dilnting the chamical. Chahgas in upcaks ar mppsursd by the EF, havs
hvsn tuportad, Flgura ¥ (Topp wt &l., 1586]. Differant CT's arlse depanding upah
tha ciming of the actusl sxspling. Furthar 1t esek logical that the EF weedd
Zapandd ypen =oll copsantrwtion, laoltlal v sdil concmntlatlen A€ tims of plant
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evepling- Furthar mweaarech =n *hin topic La feadmd to dadine the affect oF tizas
af saapling (both plant and soil} on EF's ma diffazsnt a¥p4rimchin Can kg
cowpayg ey .

tE
n 4
E . [ [+ 51
- \\.\
e - AANLET
A »
| L1 i=d
TIAE ldaym)
FIQONE. B IFFIET OF M7 TTFE ATD LFsTTH OF DBOETY
FERRIE ©F TAT TLLFT CoMEETRsATHEE Faoowlh
s rem Tooo owh om. W

The work of Fhonw, Arlgge, and thelr co-vorkars repoytsd above whx sqrriscd it
{n nutrisnt scluticpm cyltoisd vhars coxption and dssorption alfsctm aof wail
(EgARLC BEEEAT wers Mbsent. Tha spplicaticn of thair Fesults to planme uptake frow
Meld zolle Yequires that sell soepiion ba ceansltarwt The aCfack af soll sxption
on sedl walution concentration ean he methagaricnlly du:rihﬂ uping the following
et ionahlp:
ey = do + ag, [149}
siere C, im the totel eryanic chewion] oohcmwtratlon in the =oil (sgfol, 1 1s the
el bulk dunwity {o/cwh), O in tha pdvarbed coanical concartration [eg/g). & is
the Foll-uatar contant by voluws (al/ew’], ang O, in tha chamical concankrwelen
[ the seil-vwter phams (ua/al). Haing tha liness squilibriue relationship ia
Iguatioo 3 éred 4 alluw: Equation 17 0 De [EVTiCTen In Ttarms af © auch that:

® Y W,

Tt is now popsible ta  combips sguatisne rolating =oil SoFpticn and seil
felytion concenEIRc)lon And salculace NCTY, IECF, 4and ACF for SlIfscent chamicalp
a3 totkl Anil consspdrestion basia. Euhptjituting Equetion 28 inta Egquetien L7
ware o ln tha -lﬂblrn..]. -.ql..lnt:lnn ands

[30]

soncentration o atek
¥ o ™ enrranirakios in 101l

dlvmm

[ [d.74] = 1.00 -
Wemw » —povw U TR + 9.42)

E{U.Tliilﬁru+‘1‘“1m" = L.78]) }Irll] 1

ran)

Tor mukrlent solutions this equatlen reducos to Eg [37) vhan /o = €, & = ],
el f = 1, Inclowiem of apl]l acTpticon ints the £CF from Briggy et al.,[1%d3)
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altsrs the relationably Tetwemn 5oT ard log A soch thet the log K_ wers plane
niscrpticn 1 b ERGiwge decreaces ITowm 4.8 for mitrient solution te 1 fer aoils.
(Flours 7). Tha dacTeast in SCF feor ehemica)s with log X dreatar than 1 im

rpportal by tha purlished 1itersture on pliant opitake in #0411 systems [(Travis and
ATna, 1¥MB].

SCFintlntton)

LK

[LI TR T
.

SCF{ppil)

Cae log Faw

FIGTRE 1 IFFLCT oF sall oM SHE RIZATIOESEIF  BETYEER
o kaw AR ATEA  CoWCENTRATIOFN FACTOR

« Equation 31 impliar thar plamy yptake in ralatsd to soil organie sATLeT conmtant

(Figure 10).04ffrrentey in the plant cptele of sn organie chapicsl 1z rofls vl
diffaramc orgunic carbon sohtants has besn shovn axpurisentally. Lichtanatein st
hl., 1947} fab caEple, showmd higher cwhceptreticns of the pesticids algyin iz
roofp o pegw when grovn ln aldrine palloted quarts sal cowparsd o 4 loam moll
containipy approximgkaly tha sass totel copeantratism of the malivient.

C
W eaoaNIc RATTEN
[
u | o, 2m4
- 1.t
R S
L
. .
it o 2 z I " 1 H
N . o .
FIDONE 30 EPFEST of il DENGAFIE RATTIA GF TMT
' L0 NILATIORENTIF BFTYEZE 1mm For ANE
ITEE ctattwmarmor  HASTOL

It 1a adyn apperant ¥rom Dquatlon 21 that increasss in poll vater copkent
racuca XCF (Fiqure 11} . Howewsr, Ter & sanll with & 7 wf 0.007% 11.354 oogande
patter), changes ln soil vater contant cwwr tha rangs 0.1 to G .8 mlsem’ alvarsd
3CF lasa tham 19t Iob cheslchkls vith a ¥, greatar thah 1.2. The fractian is

welotion, (WG C, lncressas a¢ #oll water ceatwnt incraaess aven thooyh the

organic chemical conaantration (&1 in the moll noeluticn-ghase deccasses.
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TharefeTe, LT DIART Crapopiration were LncTekeed by increawing ¥oil wetsr Semtant,
F.I.lnl concantration ceuld ba jncrreapsd. NElRery, T1831) Feundd Ehat iha
;thl'l:ntu:l::i.ditlll al tha pasticidas atratine, mipazina, linuvesn, lesmeell, a0
afipretryns Wexrn imcrepsed ad the S0lathra comtant of the Foll incirapqd. N
relntnd the wifect to d3ITeTancns im The guantities of tha peatlcoldan Ehat wars

aceomilatmd BY the plants, vith the degras of sesupolation Baing direstly
F:u-purt[nn.‘l.l Co Watar uptake.

.- YBLUTETRIE YATIA

. .. COW=ENT

M iy A

- Ll | ) ¥ 4 L ] B
oy Kow

FIGUPE 114 OFFEET SF SATL WATEY coeTyST oA THE  RELNTTcatalr
SETTEA 148 2ow  AAD STEN  SEAIEFTRANTLON TalTul

In osnclaslion, i.l:ln.:l.i.l'lﬂ_ dugradation of cha argunic ckamlonl dess not ocour
within tha plant, and plant roct opieke apd tranalecstion of oroanlc chamicsls
from £he =04l 1n pidslws, pPLANE uptakd Qih ba dasaplped oy & sariesd af =apmecutive
particlons resdtispe., Parcitlioning securs petvesn soil asllids And Soil water, soll
witar and plant rects, plunt roate and tranapliration stream, and Erarepivstion
straam and plant xtag, This partitioning can bw Eslatml to the K #f sTeandc
compoandds aych that pbiiuhn“ with Bigh log B valuss, (sg. TEDD ($.34), PCR'2
[6.iZ=#.11}, wana of the pRtbaintes wrtars {akove E.7] ang the pelysyulic nropatic
bplrocazbans {4.07=7.0é)] ars soet likely to be xorbed by thx moil smdfor plant
ok, Choairals with levir KL valuns svn 1ikely to0 be cranslocated withis the
plant apd &hy Tekch ::Lqi:hi!inll_\t sonosntrations within tha apeve greund portlons
af the plank. T )

Tepns Thaas TRt

-For welatliles cowpounds, 2iflusien jin the wapay phase and sabsequeif uptaks Ly
the Toot sru/uf shmakb pay Bm an iepuctan: Touta of chepimal siiry ifts plasts
Yackar, 1368, And Ferandevills, 19764}, Tvo procacpar praceds the petwbration of
chyaizale Ln tha =znll irnts plant tizssom vip #ha mip: 1) wolhatilizatisn of the
chelietg]l from thw seil snd 3] depoaltion Fron Tha eir orto the plent surfsce. fail
velatilization dAspamdds upon tha vepar pragmura of the cobpound shich varies
Esqrding te anhjank ftamperstyray, weter Jalubiliiy of Ehe cdoepdishd, Lhd ssrptlgn
apaeity and phyaics]l propartiss of the moll.
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Incraaping the coil+wetsr contsnt of 3 seil will increass the potsgeial) fer
valatillzation Jcas of'" & chekice]l [Cusnai apd DBeard, 1970). Wanis wud
LichrahiEain {1781) mhoved that the rate of volatlllistlen of aldrin from seoi)
Increased with sldrin concentrstion. anil malatuse, selatliwe huaidity, tamparstury
afvd the rite 2F nly ovehsat. Chewickl cohoshtratieon sffacks caada vhan yhg
copcantration resches that Taquirsd teo glve & mepisum sstorstion vepor denelty
sguivalent o that af The pofe coapaghd, Foi dis]larin in a Gile silt lcam sei)
thin concaptration wax @5 ppm (Faroar ot al., 1973). Thesm authors ales ¥eport
chiat ohdar Jinilar shwirobeentsl conditions the rata aF volekil] eatlon vee 1indusy
» dimldrin » oorT, vhich jip the spms order fay Incoesslig VAROT Bressurss. Jury
ot al., [1%8]) apd 1384] daveloped § babavior wessassant sodil Thet saparatas
caapourds intp velatlilicstion catesories beddd on Bsnpy'd conmtapis.

Tharw have Lwan -fel" fnvaptigeticns aimsd st saparstizsg Took uptake and
trapmlacation of & :hpni-cii fren vaper phame uptaks inkw Jlemk sheots. In mn
experiaant dusigned to dleckluinate thesw afZects, FPuall) and Hash {1%71} Iemna
paybaan shoots Yara comtamipeted bY soll applisd dizldrin, arxdrin snd heptachior
largely =is rook uptika snd Jubshaddeht translocdtlion. Vaper Bhhse Faliar sarption
Eousvay damlpated’ feor B apl vas naarly T btimes granter than ook rptian s
transiocaticon. Pelisc contmpingtion from yepgr serption of residums from all four
ipgncticidea var riziler (abouk £.5 pem plant droy walght), vhaPeas cemews!nation

from root scrption and ttl‘hl-lﬂl'l:iﬂ'l varied frocm 28 ppm E0 1 e depending vpem
the aswpeudrdl.

Oping minilar axpericental technigues, Fries and Pexeew (15411 [oql that Fols
rmachwd Tha sboots of planta vii tha wapor phase rathint than IPos poet upbilm,
alebogh the imsportinces of this Fouta far B contazination #f :pJ.l.n'l:l pa - TLL.T
incenalosive.

Topp #t ml., (1388) J.muug-un tha wprahs nf L¥ otganic chamicals y barley
sandlifgn. rnlnr n:pu.n ‘vt Talabmd to the amoont nf chamlcal velatilized from
the saidl m!l.cl._ 'I‘.'ﬁl rllltinnlﬂp Iri'l.lr. 1)) sfter 7 da¥i axposurE Waa:

FU — 44,11 + 28,95 Loy varn (#2311
whers 7 waK fuliar opteke LS parcant of toral *¢ uprake, and WL ves the srymic
“¢ trapomd Tros Chw 26X pluz Chal suslimstsd on the valls of Tha sXpesire cDasbaer
am pavcsnt of the total "C mpplied (Hote TRat in tha origizal publication the

- aiqn in fromt of ley Yol i Regeblva, this iz assussd to ke & typeographicsl

aETCr) . Tour cowpsunds [bengwne, pantachiorcphepal, dlsthplhesylphiheiske, and
+ha phacyleansclacing ploment) 4id net it the calculeind lime pecagew thay wrs
popparpistext and takanm up afvar olnaralisaticon co Yoo,

There Abs Wahy difficultiss in cxtrwyelating wvaper phasa hHPtake Ln the
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inborutory %€ thet in the rie)d. Swarail, wolatlllmation rates ars lilaly to ke
wigher ik Tha lsboratory than in tha f1isld. This s hecause laborstery soile ars
nerERlly Ept malsE s ancourdys plant gravth, and thix A ELL
volatillzatian_ In sddition, the setunl déeboditlon of volavillied chepicels ontp
n plamE in Eha Fiald ia likaly =s ba lsvar ac akncepharic torkwlalca -y
pighey .

L
=
-
r
=
E - I
r
g
- -
p
-F 1
1oy wolLafILIzaTiorN
"IDHRE LI AICLATIOXSAIF SETTEERN  YOLATILIZATION aED
CTOLIAR UPTAEE gl Trer T M1 %, W

The inportaics of plapt uptsie uf arganic chemiosils via wvolatilisation umder
field ommAieiant, remainz o by determined. Nowswver, iE ADpoaZw potantially
dlgnificant Yor compeunds with d- grastar than 107, The impsct could ba aptinated
¥ ulm:l.lti-ﬂ[ caaulntive wwolstllizetion lossss ovnr the qrowicg perdicd nnd
smiuming thet mll of Lt amia ap in the pum: The aofn] =f Jury sk al., 178d could
ba u.tI.H.n-i Imy th..t- PUIpoEA. T e

e — - - —r—

T™ha fimal \rlrh.'hh u!t:rl.-_ing Flant upteka of soll-parna arganls pollotants Ly
the pilunt apacies itasiy. Thars has Baen e epstamatic sxuminatios af plant
peponsan ko orgwnlc chemicale in seil, altheugh (b doss appaar bheb, as with
LA GPEAKe of l-nu.-hnnu h-l.l."l'f ratele, thacra is warlatien in upksks poth babusan
aeilen and vitkim the -saan pacims om an indivisusl lewsl (Chaney, 1950 and
AcMailly, 1371). For azampla: Ferris and Skt (1947) Found thet suger beat moks
rematlated zore disldris frem & clay pail thek centdindd  didldris, than did
FAFTEES, putatomy, mugel bawt topa, corn, cats, amd olfalfs. Lichtanstaln axd
fagly [1%60] o2 tha cther hand, Teport that carrots usually take &R wors
empunnshlarine inswcticides than do wTher Toot creps woch af potabess, Tedlsh,
Fornip, wnd bwst. Tois apparant contradisting san ba Tasolved by cohwlderstian
of varlutal differences which cak ba &8 3uch s 40pdk whan diffarank carrot
mriatlan szs groam 1n eoll contedzning cnirin (Kerpahacn &5 al., 1374].

’ CONTLIRTONT

In moluticd multars, the moyekent of Rohicnls ofganio onmpecnds inte reots ls

v puldive precait, agdivalant tz 8 partitioning betusmsn Tha 11lquid snd s4lid

oen L
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FELL

phoma, wnd can ba relsted Lo the ogtanol wwtey parcitioh posfflclanc af tb,
CoONpCurd. Subssguant LransiociTioh of tha chamirgl fros roste £o sheots el npuindia
on the K_ of tha compound and ths Pranepirstiss raka af the plank, Basmd -
available dath, eswpsupds vith & log X of sppacximstoly 4.3 are mast 1ikwly tg
aceTElate Ih the spitam snd leafl tideum af plamee.

I weil syrieams, Twre in competition betvesn the plant and =ai) pelids
targunde Irictien) for the partitiening of srgunies from saloticn. Ax ths murptian
of ths coapsimd By ths soll cfgenic phase incrassss, the quanzty avellskle ror
plant uptahe decressss. faned upen these cansidsTetlions compoandd wits log X_
ef L =i WFa ot likely to have Ssignificant traneport of the chanlmsl o Eroyy
groeid plant tlmsgs prodosedl in sail eystees, I sstaboliss of the seepound in
the Yootd' ix mignificant; wwan cowpounds with low lag I_'4 ay nek pe
tranelocatad [Il:l’lrI-n -:t li,. 1087) . compounds vith high log K, = 5.0 woxld not

be appuctsd to be pressnt in mbeve qracnd plipt tissce LF plest wptake i 1imited
by smil s=2ation.

Tha potantial Iﬁl I.'IIIIE =¥ plant .Jorptinn wf organie compminds STOR vapur (g
devandant opon the 'lrl.jlnﬂ.‘ ]]!EIIIII[I af tha dokpaded, Vaiy few alpgcizacts o thly
rotrtm of DIRAK wentaminatioo brve besh eopducted. Bassd Upon tha Nowermant g
berbicives in the acil, & I4NTY'a constant of 10 3ay Do ored an & tronaltisn
point betvern primery wovmment in sclutlon and vapor phases, LE it CAh he Aok
CEaT wapur kovesamt in the ol vill rasulE in vapor uptaka by tha Rlant, than
thess cuspotings with Ec 3107 ara Fotantls]l captidatey for vapsr Dhsds opbaks.

Fuparinpetsl UpOA bath of thews procgsses is the half-lifa of the soupoand.
IT it ia short, L.a., less thea 1o dayn, the chamical ir likaly o=k from tng
Eystan hafars it g4r b4 taksh up by tha plaat. Thoma compounds with long hats
livan, i.8., grmatmr than 4 conthsd or grastar than the gTowing sesaon of $hy
plazk, pt-i.lt 1:-1: -nmhqh £o Imyawt pl-l.l'l.tl

|.-.

Applying 'I'hln Hﬁ-'ling ]n'--ll“ ts tha priecity pollwtants, listed in Tahls
1, rwiuces the ocoebay of chesjipelsz Iixsly tadan up by plaoca. FOX sxumpla, LT
plabt Spthlm & ':rli'llh!ltim without veparizarion ic the pathusy of concmpn,
tha lirk of a7 =hni:l.'l..l Ap reduced to B8 oh the basis of half-life sl ¥,
(Tullm 3]. X8 "ﬂ,rur.l.uti-un lp of eemcare tha Jiat i reduced Erom 1BT o M wy
the banis »f half-11fs snd Nc, (Table 3j.
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