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Early in 1983, the Merican Chemical Society• s Challical. Abstract Service 

rec;-:hrtered i 't-5 6, co.o, .o O.Oth chemicill. The Toxic Substance control Act Invento.n 

list 6J,ooo chemical substances ~hose manufacture, processing and ultimate use 

!cr commercial purposes has occurred in the United States since January, 1975 

(TSCA Inventory, USEPA, 1985). Additionally, the number of synU1etic orqanic 

chemicals used and disposed of by society is increasing ·~ • rata or about 1000 

new cheJilicals per year, (Loehr and Malina, 1986)- Thill endless :supply of compounds 

together vi~ the varie~y of reactions they can undergo in the anvironmen~ makes 

describing their environmental impact exceptionally challenging. 

Of the possible locations for the disposal of wastes - surface waters, 

atmo=pbere or land the latter represents a common location tor waste disposal as 

well as an opportunity to manage ~astec with minimal environmental impact. The 

object of the land disposal practice is to deqrade, immobilize, and/or transform 

the wastes into beneficial, or at least non detrimental coneti~uents. There are 

ever 200 industrial ~aste land treatment sitea·in the United States, and a larger 

n~er of land treatment sites for municipal ~astewater and sludge (Loehr and 

Malina, 1986). Land disposal of wastes has increased during the paat decade and 

is projected to con~inue to increase in the future (Loehr and Malina, 1986). 

The study ot organic chemicals in the soil 

agric:\Jl tural chelllicala (e. 9. , insecticides, 

specific: compounds that persist in t.he soil 

environment has been dominated by 

nematicides and har.bicides) and 

(e.g., PCB'S, PBB's etc.). This 

narrow perspec~ive probably occurred because of the prevalence of agricultural 

chemical= in soil, complexity of reactions, large number of com~ounds, and cos~ 

associatad with organic analysis. Spacific compound attention has been propagated 

by ~e formation of lists of specific compounds, such as the orqanic priority 

pollutant list of 1976. Even with this narro~in9 of !oc:lJ&, the co11t ilssociatad 

~ith a chemical by chemical investigation is prohibitive. Tha approach therefore 
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has been to utilize physicochemical parameters, or to qroup compounds on the basia 

of their chemical or physical properties and s~udy selected compounds from each 

group. Clearly, ve must insure that the qrouping of compounds is correct and that 

the factors used in the qroupin9s predict the behavior and impact of compounds 

not :otudied. 

The following attempts to provide a fra11ework whieh uses physicochemical 

paraJDeters to evaluate potential plant uptake of neutral or weakly ionized c1"9anic 

che111ic:als fr0111 &oil. The procedure dcea not predict plant concentration ot 
organics in a field eituaticn, but provides a procedure for qroupin9 chemicals 

by their relative potential ror plant uptake. As such, it should allow compound 

screening rcr their likelihood ··for plant- uptalce and, therefore,- justify 

experimental evaluation as vell as identify chemicals of lev concern vhere testing 

may be counterproductive. It should also reveal where information is needed to 

confirm the screening ~odal. 

l!ZDTlOll Dl" O».GNriC CII:EillCAW 

Many processes impact crganic chemicals in the soil environment. The sum of 

these actions determine the ~ompounds environ=antal impac:t (Figure 1). Factors 

such a& pH, CEC, OM contant, clay ccntent and soil water content all impact ~he 

rate and extent of .these processes (Gorinc;r and Hamaker, 1972). In a given 

situa~ion (soil and environmental conditions) bovever, the processes are dependant 

upon the physical and chemical properties of the ch~ical. Ths characteristics 

of a chemical that determine its dis~ribution between vapor, solid, liquid and 

adsorbed phases in tha soil, and its degradation rata become the characteristics 

that determine ita environmen~al rata and impact upon plants. Tbasa processes 

determine not only the form of the compound that is prasant, but also the speed 

at which the compeund moves or :spreads through the 11oil and atmosphere to achieve 

its i~pact. The importance of each of these processes will be discussed 

separately. 

I SOIL SOLUTION l ... I PLANT :JPTAJ:t 

(LtA~~IN~(DEGRADAT!CN~~ caop RE~OVAL 
FIGURE ! SOIL T~A~SFDRNATICNS 
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Plant uptake of most chemicals is concentration dependent, therefore a 
compound's persistence can alter its ultimate fate and environmental impact. 

An assessment or the half-life of a particular compound is a relatively simple 

-way of l imi tin9 the number of soil 'borne organic compounds that. need to be 
considered as likely to impact • plant grovn in contlllllinated :ooil. The 

concentration of synthetic organic compounds in the soil decrease with time, 

providing no further additions occur. Processes contributing to the decrease with 
time are biological and/or chemical degradation. These processes have bean sho~n 
to be dependent_ on soil and environmental factors (ie., telllperature, water 

content, soil pH, and organic C)..,. (Halllllker, l97~). Without the quantitativa 
information necessary to describe the functional dependence or degradation on 
th~se !actors, it hils.been ehown thilt degr•dation o! a specific organic chamical 

can be described by·a tirst order rate constant, ~~ (Nash, l98D: Rae ilhQ Davidson, 
1~80: Jury at al., 1983 ;. Gillett, 198:1 l. This parameter is usually measured by 
cieterrnining the fracti.on of an applied chemical re111aining after a timra t according 
to Equation l ; 

M(t) • M(O) exp (-~tl Pl 

where M(t) is the quantity o! the compound rsma~n~n9 in the soil at time t. The 

half-life, T112 , of a compound is defined as the time required tor one hal! or the 
concentration of the chemical at any point in time to be lost from the soil. This 
is related to the rate constant (~) 'by : 

... .Q....W. 
~ 

Half-liVes of many- chemicals have been published (USEPA, 1979: Jury at. al., 
1983; Smith and Craqun, l984). Unfortunately, reported valuas of JJ may vaq 

enormously because measured half-lives of compounds in the soil do not always 

reflect degradation. Often losses include· other pathways (i.e., volatilization, 
leachin9, etc.) •.. Additionally, water cont.ent, microbial population, and 

temperature can significantly influence the rate of loss thus, a chemicals life 
may vary from soil to soil. Half-lives are reported in Table l from data in USEPA, 
1979. Compounds are distinquish from one another on the basis of half-life in the 

~oil: less than 10 cays, (Class A); 'between 10 and 50 days, (Class B): and grea~er 
than 50 days, (Class C). Gillett con:~idered compounds ot 1'111 greater than 14 days 

• of sufficient stability to be of concern (Gillett, 1983). The impact of chemical 

half-lives on concentration of a pcllutan't. in the soil over time is shown· in 

Figure 2. Pollutants· with half-lives of less than 10 days, for example, are 

reduced to less than 0.10% o! their oriqinal concentration after lOO days in the 

soil. In contrast, pollutant& with half-lives of greater than SO days are still 
present at >2St of their orisinal concentrations after lOO days. Their impact, 

and relative potential for plant uptake, are much more pronounced than that !or 

... ... ·. 

... 
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compounds ~ith h~lf lives of less than 10 days. 
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tFFECT Of CHtniCAL HALF LIFE AND TI~ ON 
fRACTICY RtnAINIJC 

The averaqe concentration present durin9 the plant growing period Ciln kJe 

calculated by intoqration of Equation 1 ~atween the limits 0 and t (qrowt.h period) 
and dividing by t. Assuming a qrcwth period (i.e. SO or 100 days) the efteet of 

halt-life on the average soil concentration as a fraction of the amount originally 

applied illustrates that 'the limite for classirieation of compounds based on halt­

lives are arbitrary (Fi;ura 3). The lenqth of eXposure (i.e. plant growth period) 

and relative average exposure must be spoeitiad before compounds C::iln be classifiacl 
by their halt-lives. For example, our use of 10 and SO day half· lives as 

c:lassitication end pointe vas ~ased on a 100 day qrovth period and relative 

avaraqa expoaur .. ot o.lS and 0.5. Usinq tha came balf-life end paints but a 50 

day qrcwtb period maana relative averaqe expoDures at 0.3 and 0.7. 
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TABLE 1. Lo9 ~. Halt-lire and He tor the Priority Pollutant• .................... -- ...... -........................... -........................ --- ............................... ---- .............. -...................... -----
'-'II IIIQI-TI/z lie t._..a l1191_,T1n lie ........................... -........................................... -- ............................................................................................... . 
I'UTICJIID 
Z!l.Acrei•IPI ·O.D9 2.111·03 21.•1driPI ·-~ c '··-~ 22.011- 4.] c 3.11'l•G3 Zl.DDO 5 ... t O.SE-
24.110f ).tl9 • ll.Ol-06 ZS.DOT 5.91 c 2.1111·113 
u:otit"*'" Z.f c 3.111!•06 Z7.~1flft l.n c .. 
28.1nadn 4.5 c 1. 'l'l:·IIS l9 • ._,_,1.,. 3.9 & 6.ZI·IIZ 
30. ""-"-lor """" i do 1.9 c l.ZI•IIS ]1.-1.,._.,..,_ ll.l I ).QI•IIt. 
32.Li,_. J.n t 6 .01·116 33.1..,...._ 1.~ rei rei 
lit. TCDD 0.1&. c I'll JS.T....,.._ ].115 c 2.11•01 ................................................................... -...................................................................... ·---------.............. . 
.... 'lar..mi .. 'IBI 11..-u 
l6ot.&rodolot" 1016 4.311 c 8.6£·01 :56A> ••• -, .... 1221 •• 119 c I .Sf-liZ 
lll<:.Arao:M..- IU2 4.54 c 2.1C•GII l6d.-tw 124.2 

,_, c 5.5c·IIZ 
l6ot.Ar.,.lller 1ZWI -- 5.6 c: I .1£·01 36t.&r-l..- 1~ ·-~- c 1. 1E•D1 
~-•rw:l!l..- U6111 6.11 c Z.ft·01 :57.2•Cfllo,....,..l_ 4,1Z c I .!lli·OZ 

-nil ""'"nn: .,.._._ 
311.011-- 0.91 c 1,6f..cl1 Jv.o;ct.lar-ttww 1.25 I I.SI•IIZ 
'0.1rtd'lllo~d\.ww 1.9 I , .21·01 41.Tot,...,l••-- 2.6' rd 9.M·01 
U.Ciolarc•t"-'r 1.::.. I 6.11•01 0.1,1·41dlt• .... -- , .'1'9 I 1.7\·01 
¥.1 ,Z•Gicfll.,._t"-'r I. &.I I l.l!f•OZ ~5.1, 1.1-trldll-·ft- 2.17 rei 1.31-
"6.1, 1 ,Z-trfd\lor•rt\atlt 2.17 rd ). 11·01 &7.1.1,Z,Z•tfttlo:lll..-•~ li.'M • I.M·IIZ 
&.I.Maadlle,..,.tlo- 4.6l ,. 4.1(•01 49.011-aww 0.10 • o.Z£·01 
50.1,1-.llchl-- I. &.1 • 1 •• ·01 51.1,2·••--·4lalll_,_ 1.&.1 Z.'l't--01 
52.Trtrillor...- Z.Z9 • ) .• ·01 5:5. ,.,,_,.....,...,_ 2.U • 6.41-01 
54 .I.Z·dlcM.....-_. 2.21 rd 1.21·01 SS.1.3•dlclllar- I .911 • 5.6£·112 
56.-lor.,._,_ 3.7~ c 4 .lf·OI 57.--, • .._, __ ._ ,_, • 1.51f400 sa.•--- 1.10 I ~.'-l!oGD 59.1.-tclol..--t- 1.U rei .. 
6D.Ct ... -1..--tft- 2.09 ret .. 61. Trlbr-.t..w 2.311 rd Z-41·CIZ 
62.Dichlarslifl..,......tll- 2.16 c 6.3E&ll1 6l.Trtchl..-.flo.r_,~ Z.!D .. Z.U•DD 

-'I&~ 
.. • lleCiifl,.,._.tllyt )et:her -o.:sa • 8.6E•IIl 65 .I i o IZ·cM-thyl I•VI•r 1.5ol rd 4.l'l•ll5 
66.Jio<Z·r.hl-lo_._, )otMr Z.511 rd 4.7\·02 67 .Z·CIIl-tftyl .;..,1 •tiler 1.za .. 1.131-CIZ 
611.~·dolor..,_,.l lll>-..loi'Mr 4.011 nd , .llr-112 <IR.4·· ....,....,, ~· ••her4.21 ..... nd 
71l.lio(Z•chlar-t"-Y_t_ 1.26 c 1.1!-115 

_,a.u:-nQ 
71 ..... _ 2.13 • 2.3l•CI 7'2.0.1 ......... _ Z.M rei 1 .51•01 
73.1.2•dldi1DI'-..- 3.:11 rei 1 .SE•01 7&..1,]-.lldll...--.. ].55 rd 1.11-01 
75. 1,4-.llclllo,.._,._ ).55 "" 9.11'l-IZ 76.1, z.•·trlclllor--- 4.016 • 9.6£•01 7'1'---·-- 6.18 c 7.11l·Dl l'ti.IU..,lt-w- l.1S • Z,M·OI 
71i».Mt~r~ 1.115 c 5.41-• II:.T•I-- z ... I Z.l!f•D1 
II.Z,••aiPil!retol-.. Z.OI rd , .:R•IIl 112,2 ,6-GifliUDCDI_,. z.as 1"11 1 .lii•IIZ 
&:!.-1 1.4& • l.ll'l·CI5 14.2•cfll....,.__l 2.11 nd 1.91-~ 
115 .2,4·didllor~l 3.3 • Z.li:•!Wo M.Z.4,6•trldller....-.l '·" 1"11 1.71-oa 
17.Pont.C.lor...,..l 5.01 & 1.2£•06 U.2·nit,..._l 1.76 c: :S.Zi•llt. 
89,4•Pilt ....... l ,,,, • 2.61.•04 90.2.'-<lini ,......,._1 1.SJ c z. l'l•lll 
91.Z,4•dl*lll'flflh.,..l z.so rei 7 .Sl•!Wo OZ.p-chl-lr'-•l ]. , nd , .01-CW. 
9J.4,6-41,tt ............ ,. 2.15 rei rei .............................................................................................................................................................. -- ........................................... 
NTTIIUTI BT8S 
94o.Di•m-rl 111\tt\eloto nt•r• 2.12 I e.•-~ 94h.D lortlyl J.ZZ I 1.lii•DS 
114e.Di•w-bwcyl 5.20 • I .21·115 

__ .,.,.._cyt 
9.20 I I.ZE•II5 

114o.lh(2·•dlylhcayl 1 .. ,., • 1.Zf·~ V.f.i&«YI ..... .,., 5.10 • 4.ZI-115 
.. ................ ... .... ............. ... .. .. .. -.......................... -... --- ...................................................................... ----· ......................... 
PQ.YCYQ.IC -T.IC n-m:•-
95o..M..,...,_ 4.1] c 1.0(•02 II'Sb.~'dlyl- &.D7 c: .... 113 
95c.rl...,.. 4.11 c •.M·a.:! ----·- ].31 c Z.III•IZ 
t6. .Jndru--=:.,. '·" c 1,1l•OZ 9111>.fl.-..... 5.33 c 4 •• -cw. .. --... ...... 4.1.4 c 1.61:-ID 97 ........ w..w-. '·'' c ~.11•05 

ll'l'b.a-.lb)f.l..,.. ... -- 6.57 ... .. 97e.-(k) u-·- 6.116 c rei 
97d.OI,.,._ 5.61 c I.R•02 97o.,.,.._ s.~ c Z,K•DI 
,..,...,.a[gltfl"""'l- 7.Zl c: rd - ...... Ia] ..... ·-~ c 4.11(•01 
911c.li...._l•l-tlo•-- 5.97 c: I'll llld.l ....... t1Zl·adl,.... 7.66 c rei .................................... -.......... --------- .. -- ..................... -..................................... ---
IIR'U 1 MH' 8 ~ 

!llil.ll-rtlyl "'tt,_ .... 0.116 1"11 rei IUD.DI.....,I ",,,.,...;,_ Z.S1 rei nd 
1111.Dt·,..,.._, ,u,_.,,. 1.:ST rd nd IQZ.-Ial,. 1.11 • .. 
llll.l,l·dldll..-.zldlrw ).Ol • .. ,~ .1.2_.,.,._,""*-,,. l.ID nd rei 
IIIS • ..,..,l~ltri lc o.zs ' , ••• 113 .................................... -.. ----- .. -- ....... -.... -....................... ··--........................................... ····-- .... 

.-,.,.. IDI 1 - 1\o"•l t- (UauHOI as I • • 10 doyo, I • IO·SQ a.,..c • • SCI -I .,._ _......,the prll't<l .. l fot• ,..oc..., 1ft lho 

..,.;,...,_,t.,USlPI,l'OIJ; ... _ • .,., •• c ... tiM I dl_l..,lNC) ft•- ceroi,_j ,,_VIa WTI\. lf'Miolllllly ......... 
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Atlaorbod-Liaui\2 PutitiOp'' · .. 

Considerable research data exists en the equilibrium between an organic sorbed 

to the soil and that in the soil-vater phasa. i For simplicity, this is ottllll 

expressed as a linear ~orption isotherm (X.~ickoff, 1981): 

c;• JCcl c~ (3] 

where· c; is the sorbed concentration (g/k9 soil), Cl is the solution conc:ent~ation 

(q/m3 soil solution) and lCd (m3 /kc:J) is the slor:!e of the sorption isotherm. or 

distribution coefficient (Xay and Elrick, l967j. Equation 3 asswnee complete 

reversibility IU'Id equilibrium between the tvo pha .. s, Which may not stric:tly oc:cut" 

for some chemicals. Di Tore and Horzempa (198~), reportec! that the sorptiva 

process of 2,4,5,2',•',5'- hexac:hlorobiphenyl cdnsisted of both reversible and 

strongly bound components. Such bound residues coulc! not be extracted by normal 

analytical techniques, .but, could be .detected by r~diolabellinq. Similar findings 

have been reported by others workinq vith herbicides and chlorobenzenes (Khan, 

1982; and SchaUnert, et al., 1985) and may ra~ire \the above 111athamatical approach 

for sorption be modifie~ to account ror bound reJiduals. 

In soils and sediman~a, where the clay conte~ is relatively low, pollutant 
I 

sorp'tion occurs primarily on the organic rraet.ion of the soil, (HaDaker and 
! 

Thompson, 1972~ Rao and Davidson, 1980). The degree of sorption of the non ionic 
. I 

organic pollutant is then dependant upon the crga~ic carbon content in the soil, 

o~ sedi.JDent. Varia'tion t>etwe~n materials, vhich i:,therwise exhibit a wide range 

of physicochemical properties, can then be reduced by darininq an organic carbon 

distribution coetricient (JC«): i 
~ = ~ I [4] 

Vhera Xd is the slope of the sorption isotherm if m3/kg, and r. is the organic 

carbon fraction in the soil or sediment, (Means, e'j: al., 1982). Thia assumes that 

all organic matter haa.tha sa~e chamical structur~. .. :· . . . I 
JC..., is defined as~tila·ratio ·of the organic ch&Ulical coneent~ation in octanal 

. . . .·. ·. I 
to 'that in water, vhan an aqueous solution of the b\ rganic chemical is mixed vith 

n-octano1 and then the organic chemical allowed to partition betveen the two 

phase& (J:)avson, et al., 1980). There have bean imany inveatigations in't.o the 

relationship between K~ ~d ~~· »riggs (1973) fo~ example reported: 

logx_ = o.soz4 log~+ o.62 ·· \ [SJ 
from his vork vith 4 agricultural soils and 30 chemicals chosen for their vi4e 

range of properties. similar relationships, sea ~ation'a 6, 7, 8, 9, and 10, 
i 

have t>ean reported ( Means, e't al., 1980Z~ Schvarzenbach and We&~ll, 1981: Rao, 

et al., 1982; Karickhoff, 1981; and Brown and Fl~99, 1981 respectively). 

1oqJC. loqJC,.. - 0.3l7 (6) 

(7] 
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[7] 

1.029 log~ - 0.18 

o.9B9 logx_ - 0.346 

0.937 loqXw - 0.006 
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( 8] 

(9] 

[10} 

Tne relationships are surprisingly si~ilar to one another considering they cover 

over 100 chemicals, as well as a large number of soils and sediments {Fiqure ')· 

Thus when the sorption value of a pa~icular pcllu~nt in a particular soil is 

not available, advanta9e can be taken of the relationship between the organic 

carbon distribution coefficient (X&) and the octanol vater partition coe!ticient 

(K~) or the chemical. Recently, a nonempirical measurewent (first-order molecular 

connective indexes) calculated !rom the non-hydrogen part of the molecule has been 

shown to pre-di-ct~-thCi--X·:--oi---oi-ganic: compounds ,.,-Ith c;T8at euCcess (Sablj lc, 1987) . 

As these calculated' . .,al~e~ fo~ __ various organic compounds becoma available it will 

allow for their use in pla"C:a or ~ or J:..,_ 
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To have greates-t illpact upon plant uptalce, the orq;anic compound IIIUSt. stay 

vi thin the vicinity cf ·the. ·ptant root, and not tl• quiclcly leached oway by mass 

tlow. Fer example ~est residual soil-actin9 herbicides h;ava Xd values in the range 

of 1-~o with values· up ~c 40 beinq satisfactory for most soil applications 

(Graham-Bryce, 1984). Compounds wi~h Rd'e of greater ~an 1000 become inactivated 

gy soil sorption {Graham-5ryce, 198')· eased on Equation 4 and Equation 9 for a 

soil with f. • 0.0125 (OK = 2\) Jed's of l, 20, ,o, and 1000 would represent l09 

~·s of 2.3, 3.6, 3.9, and 5.3, respectively. 

tiquid-yapor Pa:titioD 

Vapor phase pa~itioning of a compound in the soil influences the spread of 

the compound throuqh the uoil. Even tor cheaicala with relatively lev vapor 

pressure, this transport route has been shown to be significant (Mayer,et al., 

1~76). Those chemicals that have a hiqh vapor pressure may easily move from the 

soil solution into the soil air phase, ,..here they can move throughout the soil 
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and across the soil surf~ce. The vapor-phase may be taken up by the plant either 

thrcuqh roots or by &bove qround po~iona ot the plant. 

Tha compartmentalization of tha compound between the soil solution and the air 

spaces in the soil is: frequently deBcribcd by Henry's Lav (Jury et al., 1983) with 

the extant of partitioning described by Henry's constant (He). This can be 

calculated as:: 

Henry's Constant(Hc) ~ 
16.94P M 

T S 

whara P vapor praccura of pure solute 
'H., mr:ilecular -.eight of solute, 
~ T. • absolute temperature, and __ _ 
s _ . ~ol~ili ty ln vater lii9/L 

[11) 

in mm/Bg, 

('l'hi'bcdeaux, 1979). Benry's constant :may be expr~:eeed in cH!!erent units and vary 

by eeveral orders or maqnituda depending upon th~r: eource or the original data. 

l'or example, estimated valulls _for vinyl chloride of 2. 3 X 10"2 to 6. 39 aQ m3tmcl 

ara raported by l'!ackay and Shiu (1981) and Goldstein (1982) 1 :re=pectivcly. 

Experi:mentally determined He values are considered 111ore r~r:liable than calculated 

values. Henry's Cons_tant, di111ensionless, tor the Friority pollutants is provided 

in '!'able 1. '" 

compreheneive studies have not been conducted to determine the He above whiCh 

volatilization playB an important role in tl'le transport of a· chaJIU.cal in 'the 

a~c&phere. ~ua, it is net possible· to select a Be above Yhich transport in the 

&oil vill occu~ primarily in the vapor phase. Bovever, a partition between the 

vapor and aqueous phases or greater than 10"4 is normally sufficient for ~ 

ch-ical to be a good preGJDargence herbicide (GrahaJD.-:Bryce, 1984). Jury at 

al., (1984) utili:z:ed three volatility C.!ltel3ories with Be values of 2.5 x lo·l, 2.5 

x 10"5 and :z.s x 10'7 • Gillett (1983) utilized values of 10"1 and 6 x 10-s in his 

classification. Tllua, .. ·'tha value of_ lC1"4 :111ay be a reasonable t:ranaition point for 

determining when vapor c:i:irrusicn beco111es impor~ant. This vould mean that vapor 

c:Hffusion would be important for all PCB 's ~nd haloqenated aliphatic& and 

unimpcrtant for some -~~. the monocyclic and polycyclic arolllatica and many 

pesticides. Soil sorption~ can significantly reduce chemical volatilization 

(Fairbanks at al., ~98;) ~us, 'the arbitrazy value of 10·• may overestimate the 

i=portance of volatilization in high orqanic carbon soils. Jury et al., (1983) 

used He and ~ to calculate volatilization flux from soil. 

PLAn' trl'TA:U 0~ OR.GAJr.IC ClmKI~ 

Chemical uptake by plants 1& a complex process that may involve a co111pound 

specific active precesses, and/or a pas:.cive procaaa in which the chamical 

accompanies t.ha transpiration water through the plant. If the former case 

_dominates, a risorol.le relation:~hip between plant U}'talce and t.he chemicals 
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phyGicochamical parameters may not exist. althou9h some 9eneral guidelines may 
be expected. If uptake into the plant is a passive pro~as:, riqorcus relationships 
5llould exist. 

It is 9enerally accepted that there are four main pathways by which a chemical 
in the Doil can enter a plant (Topp et al., 1986). These are: 

l. rco't. uptake and sUbsequent translocation ~y the transpiration streaa, 
2~ vegetative uptake of vapor from the surrounding air, 

J. uptake ~y external contamination of 5hoota by soil and dust, followed 
DY retention in the cuticle or penetration through it, and 

4. uptake and trans~r't. in oil cells "Which are found in oil containinq 
plants lika car'rot::sand cress • 

The amount of an orqanic chemical found in a plant Vill be the SUD t:otal Of 
. - ' . 

each of thase transport routes minus metabolic losses. Their respective iiDportance . . . 
will depend upon the nature .of the organic chemical, the nature of the soil, and 

the enviX"ci'\Jilental ccnl:iiticns under which Fl•mt expc11ure occ:urs. Pathway• l ' 4 
ara siqnific:ant only in specific situations. Thus, for the purpose of descr~in; 
tlla sanaral case of plant uptake,· they can be discounted as major routes of pla!lt 

conta~ination. Most reported instances of plant uptake of soil-borne or9anic 
compounds malte no ilttempt to di_scriminata behtacn path"Ways l ' 2. Thar.rore, tha 

relative importance of each pa't.h"Way, under different a!lvironmantal conditions, 
has nat baan assasaed at pre10ant. 
Boot Uptake ~d Translooatiop 

Shone and Wood (1972) investigated the absorption and translocation of tbe 

herbicide simazin• by 6-day-old barley plants in solution cultures. The 

expariln~nt:s were eiU1er 24- or •o-hcur experi•ents conducted under different . .. 
conditions of humidity, light in't.ensity, temperature, and levels of metabolic 
inhibitors. The relationship bet'Ween simazine trilniJPOrt and water uptake Yil• 

described by a tran5pirat:ion stream concentration rac:tor (TSCF), datinad as: 
F ug sim@zine in shoots per mL watsr transpired 

TSC - IJ9 simazine, per mL of external solution 

They found that water vas taken Up preferentially to silllazine, because the TSCF 

was always .lea& than ~ity, i.e., the concentration of simazina in the plant 

shoots par mL of water transpired never reached that in the external solution. 

'l'bere "Was no evidenc'e cf loss ot or breakdcn.rn of the parent ccmpound during t.ba 

experiment. The concentration of ~i~azine in the plant roots, on a fra~ vei9ht 

klasis, however, x-eac:hecl a value 9Ieater than unity aa a :result of physical 
sorption cf the herbicide ~o the root tissue. 

Evaluation of ether triazinea led ~o the conclusion that plant uptake vas, in 
general, a pas&ive process because TSCF 'Was less than unity, (Shone et al.,l97J). 

.] 
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Plant uptake ct 6 herbicides and a fun9icide shewed that TSCY ~as independent of 

ccncentration and less than unity tor all except 2,4-D at pH •.o (Shone and Wood, 

1974). In the case of 2,•-D at pH A.O, plant up~ake vas ~e~abolically intluencea. 

Briggs at al., (1982) evaluated plant uptake of 1! chemicals and found that the 

TSCP ~as less than unity tor all che~icals studied. They related the TSCF to the 

cctanolfwater partition coefficient (X..,) for the cheaic:als and found a bell 

shaped relationship ~etween TSCF and x •. with a broad maximum around a Xw of 1.8, 

AGaussin curve (Figura 5) was tittad to the data such that: 

2 
'l'SCF • 0.7BU-[(l09~- 1.78) /2.44] 

[ 12] 

The authors susgeated that at Xw values ~elow 1.8, translocation is-limited by 

the lipid JDelllbrane& 1_n ther"cot. At x ... values above 1.8, tranglocaticn is lilllitea 

by the rata of transport of the ·lipophilic: chemical fro111 the plant root to tha 

top or the plant. All the '.rSCF values were balow unity, sug9eati.nq paeaive .. '. 
chmlical ~cve111ent hita· the shoot wi'th the transpiration stream. There ~a• no 

evidence that chemicals wera·taken up aqainst a con~ntra~ion gradient. 

~. D; 

0. 8 j 
'- 0.6 
u 
~ 
fo 

0 • 

D.Z 

0 
-1 

riGURl: 5 

• 

• 

• 

D 1 z 3 5 
:!.oq IOV 

RELATIOM~KI? BtTYEEJ loq Xcv ~»D TRAF5PIRATIOM 
S7R!An CoXCE~TRAT!CI FACTOR 

e I, ,5!12 

Shone and Wood ( 1974) .proposed that the uptake of a chemical into a plant rcct 

could be de5criPed by a.root concentration factor (RCF), defineG as: 

coneentb.tion in root. lugtq fresh yt. > 
c:oncen.tration in external solution, (Jo.1.9/111L) 

Using radiolaballad herbicidas in solution culture with barley seedlings, they 

~cved that the quantity of the herbicide transported to the plant stema (TSCF) 

could not be interred from the concentration in the plant roo-c:s (RC!') • In 

addi t.ion 1 al thouqh the RC:F of soma of the tested herbicides exceeded. unity 1 uptake 

was net affected by temperature. This, suqqests the compounds were retained by 

~hysical sorp~ion rather than biochamically. 

When barley seedlinqs ware transferred fro111 the herbicide illll~tnded solution 

culture to a herbicide free solution, RCF decreased ~efore TSCF was affected bY. 
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th• change (Shone et al., 1974). Thus lipophilic herbicides appear to Fsnetrate 

the cortical cells of tha root whereas the lipophobic herbicides are larqely 
confined to the free cell·space in the root. 

Brigg~ et al.,(198~) found that ReF vas related to~- Starting vith a value 

of less than unity for polar coDpounds, II.CY increased vith increaa1n9 x,... 
sorption ot chemicals by macarated roots vas very closely related to the RCF of 

li.vin9 roots, for the Dare lipophilic chemicals. In contrast, the RCF of 'lllace%atlld 
roots ccntin~ed to dacraaaa as the lipopbilicity decreased (Yiqure 6). There vas 

a linear relationship betvee.n the lo9 concentration factor of the 'lllaceratad roats 
and log X..,: 

0 1 2 
lee; ~tov 

J 

• 

4 5 

TIGU~E 6 ··tr~ECT or ~ISSUE STATUS ON THE RtLATIONSBIP 
"E!:T'tlttlf loq J:cv .o.l1:1 ROO 'I' CO!ICt.IITRATIOJI T ACTOR 

{13 l 

Assuming th•t RCF of living roots could be explained by tva processes: (1) a 

partitioninc;r o.f the organic chemical betveen the lipophilic root tissue and 

external solution culture and (Z) a fraction of root that ia aqueous and equal 

in concentration to ex~ernal solution pbaee (ccnstan~ for all co~ounda, 0.82). 
Bd99s et al., (1983) suggested that sorption of ch-ical8 by the root is a 

partitionlnc;r described by: · 

l013(RCP- 0.12) ."' 0.77 loc;rE,.,- 1.52 •, \6-J 
They Froposed an analogous stem concentration fa~or 

cpncentratipn in mtem Cuqtq fteab yt.l 
SCF - concentration in external solution (~g/aL) 

Macerated otems sorption of organic c~ounds vas also rela~e4 to the x_ of the 

c~: 

[15] 

AII&WIIiiUJ that the contribution of the aqueous phase in the stBJI vas similar to 

that in root& (0.82), the partition between the st-and ¥Ylaa atreaa i•: 

locaCKutw•r'• .. ,. - o.S2) • 0.95 109~ - 2.05 [111 
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The SCF is then given tly the JCCu_,..,l• "-~~) partition c:cefticient 'IIIUltipliad by tile 
partition or t.he external '·solu'tion preunt in the xylem :uap (TSC!'): 

SCF = [lO(O.!iiSloqx_ - :2.0S) ..----o.aa]• ' . ~\ [17] 

[(0.784)l~~[(lcq~ 1.78)2/2.44] J "f,(~ 
For lS cl'lluaic:als (loqlt011 1'roa -o.S7 to 3.7), ·'the experi.lbt~ntal poihts fit the 

predicted lihe quite wall (figure 7). The shift in log x. Vher• TSCF reacbee a 

111axi~ (1,8) to ~here SCF reaChes a ~aximua (4.5) arises ~ecauae sorption ot 
the gore lipophilic: c:o111pcunds by t.ha atea tia.ue increesea ras'ter thah the TSCP 

decreases. The predicted decline in SCF for CODpounds or l09 ~ > 4.5 ~as not 
tested. 
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Thera have been other atte111pts 'to relate plant uptake and translocation of an 

orqanic chemical to either the physical or chemical properties of the ch&Dical, 
Topp et al., (198&) reported the relationship: 

1oqRCF • 0.&3 l09Kw - 0.959 [18] 

follovinq their -exposure ot tlarley seedlinqs for 7-days to various chemicals in 

~at.er eu.J. ture. 

Tba concentration ~actor (CF) concept ia a use~ul way of dascribiniJ the 

rclathoe concentration of ~.n or.;anic c:bllllllical in a partic\llar plant pilrt. It l'l.aa 

111any limit.ations, hovever. These arise because the concentration of orqanic 
chamicals, both vithin th~ soil or nutrient solution and vithin the plant part 

do not remain constant vi~'time. Chemicals in the soil, or ih nutrient solution, 

may be depleted by plant uptake or deqradation: cheaicals in a plant may also be 
reduced with time by deqradation within tha plant, or by increases in plant maaa 

effectively dilutin9 the chemical. Changes in uptake as measured by the CF, have 

been reported, Piqure a (Topp et al., 1986). Different CF's arise dependin9 upon 

the tiDinq of the actual samplinq. YUrtbar it seems loqical that the ~~ would 
depend upon soil concentration, initial vs soil concentration at time of plant 
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n:mplinc.J. FUrtllex- research en this topic is neeeed to define the effect of time 
ot u.aplinq (beth plant and soil) on CF'a so different e)Cperi:ments can be 

compared. 
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!IGUlt. e t!FtCT OF PLA~ TTPt AlfD L!:rGTB OF G!IOY'MI 

PtROID o• THE PLA~T COMC~~TlATIOI FACTOR 

Tbe work of Shone, BrisqD, and their co-workers reported above was carried out 
in nutrient solution· C'Ul tures vhere sorption and descrption effects cf soil 

orqanic ~attar vere absent: The application of their results to plant uptake from 

field soils requires that soil 5orption be considered. 'l'he et'fect of Eoil sorption 
on soil :~elution concentration can be mathematically described using the tollovin9 
relationship: 

1c; • 1c, + ec; [ 19] 

whe~e C1 is the total o~anic chemicAl concentration in t~ ~oil (~9/9), 6 i:r. the 
soil bulk cSensi ty (gtem3) , c1 ' is the adsorbed cheaical concantration (~9/9) • 9 is 
the soil-vatar ·c~ntent by volu.llle (mL,IC1113 ) , ar11i c;. is tha ch-ic:al conc:antration 
in the soil-water phase (~g/aL). Usinq the linear equilibrium relationship in 
E~ation J and 4 allovs Equation 19 to be rewritten in terms or cL such that: 

& 
[AO) 

s~ •• ,f... +. e .. , 
It is nov pcssi.bi~ ·to CClmbine equations relating soil sorption and soil 

solution concen~ration and calcula~a RCF, TSCF, and SCF tor ditrerent cha~icals 
~n a total soil concentration basi&. Substituting Equation 20 into Equation 17 

.vhare c;. ia the external s~;~lution and: 
concentration in stem 
concentration in soil SCJI'UDILJ • 

gives: 

SCF!IZIIU 
......,=-.,......:::6,_""" ( [lO (0.95loqx_ - 2.05)+ o.e2]• 

6Vae + 9 

[(0. 7B4)l0-0.434[(lcqK•- 1.78) ,2.44] ]) 

fgr nutrient solUtions this equation reducea to Eq [17] vhan t~ • o, e • 1, 

and. 6 • 1. Inclusion or soil sorption into the. SC:F froa B~i99s et al •• ( UBJ) 
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alters the relationahip l:letween SCT and loq X., such that the leg ~ where plant 
adsorption is a maximum deereasea from 4.5 for nutrient solution tc 1 for aoila. 
(Piqura 9) • The decrease in SC:F tor c:l\-ieala vi th lac; X.., qreater than 1 is 
JJUPpcrtad by the published literature on plan~ uptake in sail sy&tem• (Travis and 

Arms, 1988). 
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!FFECT OF SOIL ON THE RELATIONSHIP BtTYEEN 
loq ~ov AND 5TEn CONCENTRA~I01 FACTOR 

Equatil:m 21 implies tha~ plant upt.a.ka is related tc soil or'9anic matter content· 
(Fiqura lO).Differencea in the plant uptake ot an organic ch~ical in soils with 
different organic carbon contents has been shovn experimentally. Lichtenst•in et 
al., (1967) for example, ahawed higher concentrations ar the pesticide aldrin in 
roots at peas when qrovn in al~rin- polluted quartz sand compared to a loam soil 
containing approximately ~e same total concentration of the pollutant. 
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It is also apparent fro• Equation 21 that increaaea in soil vater content 
reduce SCF (Figure 11). Hovavar, for a soil with a fc cr o.0075 (1.25a organic 
•atter), changes in soil water content over the range 0.1 tc 0.5 mL{cm3 altered 

SCI' less than 10-l tor chemicals with a lC• greater than 2.5. The fraction in 

sol-qtion, cec;/cn. increases as soil water content incr•a••• even though the 
organic: chemical concentration (CL) in tha soil sol~tion-phase decreases. 
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There tore, if plant transpiration were increased by increasing soil water content, 

plant concentration could be increased. Walker, (1971) found that the 

pl\ytotoxici ties of the pesticides atraz ine, ei~~azina, 1 inuron, 1 anacil, and 

aziprotryne were increased as the moisture content of 'the soil increased. He 

related the effect to differences in the quantities of the pesticides that were 

acclllllulated by the plants, wi t.h the degree of accumulation bclinc; directly 

proportional to water uptake. 
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In conclusion, assuming degradation of the orqanic cheaical does not occur 

vithin the plant, and plant root uptake and tran~location of orqanic chemicals 

troa tha soil is passive, plant uptake can be described as a series of consecutive 

partitions reactions. Partitionino; occurs betYee.n Doil solids and soil water, soil 

nter and plant rootD, plant roots and transpiration stream, and transpiration 

streaJI anli plant stem. This pa.rt1tioninCJ can be relate4 to the x .. of organic 

compounds such that pollutantD with hiqh lo9 ~values, (eq. TCDD (6.14), PC8 1 s 

(•.12-6.11), some of the phthalate asters (above 5.2) and the polycyclic aromatic 

hydrocarbons (4.07-7.66))-are moat li~ely to be sorbed by the soil andtor plant 

root. Chamic:als with, lotoler x.;w values are likely 't.O be translocated vi thin the 

plant and may reach sic;nif'icant co_ncentrations within the above ground portions 

ot the plant. 

yapor lbase tTJ)taq 

ror volatile compounds, diffusion in the vapor phase and subsequent uptake by 

the root and/or shoot Ny .be an important route of cheaical entry into plant. 

(Parker, 1966, and Prendeville, 1968). TVo·processes precede the penetration ot 

chemicals in the soil into plant tissue via the air: l) volatilization of the 

chemical from the soil and 2) deposition from the air onto the plant surface. Soil 

volatilization depends upon the vapor pressure of tl'\e ecmpouncl which varies 

accordin9 to ambient t~peratures, wate= solubility of the compound, and scrption 

Qpacity and physical properties of the soil. 
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Increasing the soil-~ater con~ent of a soil ~ill increase the potential tor 
vola~ilization looe of''· a chemical (Cuenzi and Beard, 1970). Harris and 

Lichtanstain (1961) showed that the rate of volatilization of aldrin from soil 

inc:rea&oR.d with aldrin concentration, soil moisture, relative humidity, temperature 
and the rate of air movement. Chemical concentration effects cease \lhen the 

concentration reaches that required to give a zaximum saturation vapor density 

equivalent to that of the pure compound. For dieldrin in a Gila silt loam soil 
this concentration ~as 25 ppm (Farmer et al., 1972). These authors also report 

that under similar .cnvirol'llllental concHtions the rate of volatilization ~a• lindane 
> dielclrin > DDT, ~hich is the same order fer increasin9 vapor pressures. Jury 

at al., ( 1983 and 15184) developed a behavior as sa anent model that separates 
compounds into volatilization cata9orias basad on Henry'& constants. 

Thera have been ··few· investigations <tiaed at separating root uptake ;and 
translocation of a che.mical ·from vapor phase uptake into plant shoots. In an 
cxperi~ent designed to di5crimina~a these effects, Beall and Nash (1971) fown~ 

soybean shoots were contaminated by soil applied dieldrin, endrin and heptachlor 
largely via root uptake and subsequent transloca~ion. Vapor phase foliar sorption 
hcvever doaina~ad'for ~DT and was ~early 7 times greater than root sorption and 

translocation. Foliar contami~~tion from ~apqr sorption or residue• from all fo~ 
insecticides vas similar (about 6.5 ppm plant dry weight), whereas contaDination 
troa root ~orption and transloca~ion varied tram 38 ppm to l ppm depending ~pon 

the co111pound. 

Usin9 similar experi~ental techniques, fries an4 ~arrow (1981). round that PCBs 

reached the shoots ot plants via the vapor phase rather than from root uptake, 
although the importance ot: this route far PCB contamination of plants remains 

inconclusive. 

Topp et al., (1986) investigated Ule uptake ~r U or-qanic: c:heJ~icals by barley 
seedlin9s. Foiiilr ·:uptilke·~,vas related to the alllaunt of cheJDical volatilized fr011 
the soil surface •. Th~ r~lationship (Fiqure 12) after 7 c!ays exposure was: 

FU - 46.11 + 2B.9S. io9 VOL [22] 

vhe;re FU was foliilr upt.>,:e as percent of total 1~C: uptake, and VOL was the Ol:'tfilnic 
1'c trapped from the air ·plus that aublilll&tad on the walla of Ule exposure ch&UM!r 

as percent of the total 1•c applied (Note that in the original publication the 
sign in front ot log voi. b ·negative, this is assWDecS· to be a typogr;aphical 
error). Four cOJDpounds (benzene, pen~achlorophanol, diethylhexylphthalate, and 

the phenylenedi<tmine piqmant) did not fit the calculated line cecagsa they vere 
nonpcr:ai111tent and taken up after miner;alization to 16COz· 

There are tl!any difficul~ias in eX"trapolatin«J vapor phase upta:ke in the 
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l;ll>oratory to that in the field. OVerall, volatilization ratee are likely to be 

higher in ~- latloratory than in the tiald. This is tlecause laboratory soils are 
normally li:apt. moist to ancourac;a plant. qrovth, and this ancourag­
volatiliza~ion. In addition, the actual deposition of volatilized chemicals on~o 
a plant in the fiel~ is likely to be lover as atmospheric turbulence ~y be 
higher. 
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lcq VOLATILI2ATIOJ 

r:GUx! 12 rt!LAT!OSSHIP 9£~YttN VOLATILIZATIOV AH~ 
· . FOLIAR UP'I'AJ:!: .• _,_ r,._ T- ., al. ,_ 

" 
The i.JIIportance of pl•nt upt•.ke of organic chuicale via volatilization under 

field conditions, remains to be deter11ined. However, it appears potentially 
'ignificant. for compounds with He qreater than 10·4 • The impact could be estiDat.ed 
l:lY c:Alc:ulat.i~q cumulative volatilization losses aver the qrovinq period and 
assuming ~hat all of it ends up in the plant. The aodel of 3ury e~ al., l'BJ could 
b• u~iliaed for this purpose. -·-----~·--- " 

nus niie- -· -
Tbe final variable affecting plant uptake o~ soil-borne organic pollutan~• is 

the plant. species i tsel!. There has been no :syatellla'Cic CXiUIIination ot plant 
ruponses to organic chemicals in soil, although it does appear that., as with 
plant Ypta.ke of soil-borne 1\eavy metals, there is variation in uptake beth batveen 
specie& and within·· thti"':-~ame:'s'ped.ea on an individud level (Chaney, 1985 r and 
McNeilly, 1978) • For exaJDple: Harris and Sans ( 1 !Hi7) fcund that sugar beet. roots 
accwaulat.ed more dieldrin from a clay soil that. contained dieldrin, than did 
c1rrots, potatoes, sugar beet tops, cern, oats, and alfalfa. Lichtenstein and 
Shulz (1965). on the ether. ba.nd, report that carrots usually take up mere . . . 

orqanochlorina insecticides than do ether root cropa such as potatoes, radiah, 
turnip, and beet. This apparent contradiction can tle resolved by consideration 

or varietal di!!erencea vbich can be as much aa aoot vben different carrot 
varieties are grown in sail ccntaining endrin (Her.anaon et al., 1970) • 

COIIC.t.U8%0W8 

In solu~ion culture, ths movement ar nonionic or9anic compound• in~o roots ia 
a passive process, equivalent to a partitionin9 be'Cveen -che liquid and. sol1cl 
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phase, and can l:le related to .the octanol water partition coefficient of the 
compound. su~aaquent transloca~ion of the chemical from roots to shoots depencla 
on the x_ of the compound and the tranepirat.ion rate of the plant.. Based on 
available data, compounds wi~ a loq x_ ot approximately 4.5 are most likely to 
accumulate in the stea·and lea! tissue of plants. 

In soil eyst.aiDS, there· is competition between tha plant and :soil solids 
(orqanic fraction) for the partitioning or orqanic:. froa 110lutian. As the sorptioll 
of the compound ~y the soil o~anic phase increases, the quantity available for 
plant uptake decreases. Based upon these considerations compounds vith log x_ 
of 1 -2 are moat likely to have sic;rnifican~ transport of the cheaical to above 
qround plant tiaaue produ~ed in soil systems. It matabolisa of the compound in 
the roots is siqrii.riea)lt,' even compounda with lov lOCJ x ... ' s may not ~e 
translocated (McFarlen.·~t al., 1987). compounds with hiqh log x .. > 5.0 woul.cl not. 
be expecte<i to be present ·in ~ave qround plant tissue if plant uptake is limited 
by soil solution. 

The potential for.root or plant sorption of 0r9anic compounds rraa vapor ia 
dependent upon the.vapor pressure of the compound. vary few experiments on this 
route of plant contamination have been conducted. Based upon the move•ant or 
berbici~ea in the soil, a Henry's constant of 10~ ••Y be uaed as a transition 

/ 

point between primary movement in solution and vapor phases. :u~ it c&n be assUIUd 
that vapor movaDant in the soil vill result in vapor upt~ by t.be plant, th&n 
those compounds with He >lo·• are potentia~ candidates for vapor phase uptake. 

superimposed upon both of these processes is ~· half-life or tbe compound. 
If it 1a shcart, i.e., less than ~o days, the chemical 1a likely lost from the 
system berore it can be taken up by the plant. Those compounds with lonq halt 

lives, i.e., greater than 6 months or greater than the grovinq season of the 

plant, pr-ist. 1CI~IJ,.•I)~~9~ ,-to impact planta. 
' ': · .. : . ··.-·.: .\ ~-, ... _:. :tl· 

:.·,., 

Applying ueae screening processes to the priority pollutants, listed in Table 
1, reducea the number of chemicals likely takan up by planta. For example, ir 
plant uptake and ~ransloc~tion without vaporization is the pathway or concern, 
the list or ~07 c:hemic::al-s is :reduced to so on the basia of half-life anci x_, 
(Table :Z). If vaporizatic~ · is of concern the list is reduced fro• 107 to 64 on 

~e basis of halt-life and He, (Table l). 
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T~LE 2 Loq X~, Half-lite and Rc for Priority Pollutants vnich are subject to 
plar~t up'take xrom soil . · 

t~ '"' l,. 1 11~ Me C- 1 .. 1110 r112 Me ... ·-······ ....................................................................... -- ................................................................... .. 
IOU"TICIDU 
ZD.Acrotoln -0,09 2 .ll•Ql 26.Dfc1*tn 2.9 c l.IIE•Qol. 
z7.r..-o~lfen l.SS c ... 3G.I"'r-lor _.,. 1,9 c 3.2&•115 
l1.Mn8Citl.....,.,.,lalloiaMw l,D I l.lll-04 n.LI,_. l.n c a.OE·G& n., • .,...,..... I. 7'0 I'll I'll J5.Toa..,_ 3.15 c 2.11•01 

Pill. YCIUII I Ia Ylll II "-n.S 
.. -............................................................ -- ............................................................... ··-............... -............. 
UUI&ba1'111 Ai.II'IIITII: .,.,..,...., 
lii.CIIIOr_U._ 11,91 ·C 1.~1 39.Dtchi.,._U... 1.2S I a.sc-a 
40.Trfclllor_r_ .. ,,. • 1.ZI•D1 41.~ ... _, __ 2-" .... 9.61:•01 

u.clll .... •- ·.1.54 I 6,1E•OI 4]. '· 1•didol-n..w 1.19 • 1.11•01 
U.1,2·dichlor•rtl-· 1.~ I l.II·IIZ 65,1,1,1•trlelll-c~- l.11 I'll 1.~ 
"·I,1,Z•Uielllor_,h_ 2.17 I'll 1.11•01 54.1,2-dldll ... _. z.u .... 1.21•01 
54. -c.uc:h I ....-zt.,l_ ],74 c 4.:1E·OI 5oll.lr-- I.ID I 4,q.oo 
59.1-icfll...-.-a.- I.U I'll nd 60,DI~-~-- z.w ... nd 
6I,Trlllr-"'- z.sa I'll Z,4I•D2 62.Didllo,....,lfl .. .--tll- Z.16 1: ll.li.V1 
~. Trlc:lll_ti,__Cft- 2.51 I'll Z.41.eo 

&\l.t:GE.UT'BI niEIS 
6S.II•CZ·chlo,...tft•ll•thor ,.. ·. 1.51 nd 4.l't·~ 66.11•U·dolorol_._l)ether 2.58 nd 4.11·112 
70.11oC2•chl...--m....,l•'"- 1,26 C 1.11•05 

JIIXItTQ.Jc .... ,,a 
n.o.IDI'.....,_ 2.i' nd 1.SE•OI 7.1.1,2•clidol ............ 3,311 nd 1.51·01 
74. 1,3·clicllt-.a- ),55 .... 1. 11·01 i'5,1,4·cllclll..-.- l.SS .... t.tr•ll2 
79.11t..-.- 1.15 1: s .41•Qol. 11.2,4·df01ttrocel-. Z.DI .... 1.31·112 
&2.Z,6·dlnlcretel...,. 2.05 I'll 1.lf•ll II'.Z•elll.......,.._l 2.17 nd I .!IIE-116 
16.2,4,6-crlclllilrCIIIII-1 3.61 nd 1.71-04 16.2•nltr"Ph-' 1.76 c J.ZS-Qol. 

'"'·''""'"""-' 1.91 ·• Z,6ol•04 4111.2,'·dl01h ..... l 1.51 c 2.'1'1HII 
91,Z,4·dl•,h•l,_l 2.50 nd 7 .Sf·Qol. 92.p•chloro-.. crwol ,,, nd 1.111E·04 
t],4,6-diftftro•o-crooel Z.a:l nd. I'll 

,.~TE ISTEIS 
e4e.Di-ch•l J>IIU.elor• utero 2.12 l.a-06 94b.Dioth•t ],ZZ I • 1.11'[•11]. ........................................................ -- ---- ......... -.................................................... ·········----- .. ---- ......... .. 
I'UI.TeTQ.IC -TIC lll'D"TM-
IISG,II~olltllel- l.J? C • 2,111E•OZ / ;;~~-~--~···--------------·-------··············--------------·············---------
911,Di-.:ll,l OliC..-iiW 11,1:16 nd I'll IOO.DI,.,..l ntu· .. _.,_ Z.37 ... I'll 
101,DI•n-pr""'l nhr-irw l.ll I'll I'll 1Qol..1,2·di""-llt.,..OIIIW 3.113 rd nd ........................................................................ "' ............. ·-· -- .... -------· ··-······ ....... ·------------ .... . 



., 
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TABLE 3. Lo9 ~· Half-li!e and He for the Priority Pollutants Yhich are subject 
to plant uptake via volatilization 

. ., 
~-

• 

......... --........ ----.......... ---..................... ----.... --- .... ----.............. --.......................... ---------. 
Callpard . ,.,. ...... r112 Me: c...,... , .. r.,.. t

111 
11c ............... ------................................................ -----...... ·-·------· ..... ·-----...... -----............ .. 

0113TICIIU 
zo.Acnalein 
Z3.DDD 
U.f-lf., 
ll .•• .,__ 
l,,TD....W. 

·0.119. 
5.911 
l.55 
1.'1'11 
J.IS 

c 
c. 
I'd 
c 

2.11-0J 
0.5£4(10 .. 
I'd 

2.1E·Ot 

22.0.\D ..... 
Z,,DDT 
l!.M..-lo.._lalle•­
)I..TI:IIO 

4.3 
5,911 
:S,I 
6.14 

t 
c 
• c 

3.91-03 
Z.III•QJ 
:S.Ct:•CM. 
I'll 

............................ --------..................... ····------............ -------····. ·-----·· ···-·------....... .. 
l'lli.~IMl& II....,~ 
:u .... ,_ier 1016 
36o:,AI""IIIdll•r 1232 
lflo,.ll""llldllor 1Z41 
369 • .lr.ot~ I w 121111 

4.311 
4.5£ 
5.6 ,_, 

c 
c 
c 

1,61•01 l6b.Arodllw 1~1 
2.1100G likt.Arodllor 1:1'4Z 
1. 1f•01 :Uf ,Ar.Alw 1254 
2.tl·01 J7.2•dol~-·-

4.119 
•• 11 
6.114 
6,12 

c 

c 
c 

1.31·112 
5.51•112 
1,11•01 
1 .31·CIZ ........... ----............................ --.................................................. ----····· ... ----- --...... -- .... ---· ... . 

-lBALI-ncm w -l!I.Chl..r-tftft-' ;·. ·.· 0.91 c 1.-1 ]9.Dtelol-tlww 1.25 • I.S!•D2 
40. '"""'ori.Oatllft·: · 1.9 I I,Zf-01 "·'•u·-t.,._._ 2.64 ,. 9.M-01 
42.CIII-t11Mt · 1.5£ •. 6.11-111 ~.1,1-clfalll.-tll- 1,.,. I 1.11-01 
44.1,2•dich.l_tll ... 1.411 I J.II:•IZ 45.1, 1, 1-trtalll_t,... Z.17 1"11 1.]i.OO 
46.1,1,Z-rr1Cihl-thww Z-17 rd 3.11·01 Y • ....._..l_t ..... 4.62 1'1111 '· 11-111 
.54.1,Z·clfcfll'""""~ z.za Ill 1.21"-01 S6.lleaedllol'tlhltlldl- 3,7, c 4 .lii!•01 
sa.ar-tlww 1.1D I ,_,.._ 

. 59.1-lchlo,...t~- t.aa I'll I'll 
60,Df~l....-th- 2.00 rd ... 61.Tritor-ch- z.:so ,. 2.41·DZ 
&Z.D lehlor..tif ,....,._,.._ Z.16 c 6.lh01 Ill, TrichiDI'Ofl'*"_ch_ 2,53 1"111 Z.41.aG 

IIAUIIiEIIll& nms 
&&.lfa(Z•d!larof_,_UethCt" z.sa rd 6.l"E•Oi II,,_..,,.....,, ...,_,,_. 6,111 ,. 1.01-az 
.V.4-IIo ...,. .. .,t .""-1 •- 4.ZI ,. rd 

..:a'Q.IC -lii::S 
7Z.Chta..-...w 
7,. 1 ,l-tifelll....,.,._ 
TT.Ne....a.L.....-.z­
&:1 • .2,6-llllllrotol.._ 

Z.14 rd I.SI-01 ,,I,Z-dllftto..­
l.SS I'll 1.11·01 l"S,1,4•dichl.......,._ 
6.11 c 7,11(•02 81.Z,4-olnltrocot_. 
z.os Nl t.](·GZ Q,6,6•dlftltro••...-l 

3.22 I I ,ti•CD 

3.31 I'll I ,SI•I1 
;s,, ,. 9,91•02 
z.a1 ,.., 1 .:sr-az 
2.15 1'1111 ,. 

.............. -----............. --................. ---... ----........ ------........ ·---- .. ---................. --...... ·----·-
-.wCTa.IC -111: 111'1-· 
95tii.Ac,_t ... 4.1l c: 1 .111•01! 95tl.--.th'f(- 4.17 c 4.11-ca 
tSc.fl ... r-· 4.11 c &.lli!•CD !l!d ... tllll- l-37 c 2.111-01! 

"'·"""''-- 4.45 c 1. 11·01! ... ...__th,... ..... c; 1.61•Gll 
91b.a-otbl fluor ... m..· 6.57 I'd ,. ,c,l-llrJflWDI'Mt!Ww ,, .. c I'll 
97d.t:llrp- 5.61 c 8,11(•01! 97 •• ,..,._ S.S2 c 2 ... ~., 
911oo_lcrgoJIIfiiJ,...,tenc 7.2'l. c ,. 9111>.-e(ol prrww 6,116 c: 4.911•01 
9tlc: .Dit-.&o llll.,throc:- 5.97 1: .. 91111,1-CI:Z:S-aG llrP- 7.66 c: I'd -.......... ----.----. -·~-·----.---........... ---. -----........ --- .................... --............ -------................ 
~•scz• • ern• IIDIIIQMaS -::::· 
w.of•thyt :nttt-liw. · .. _. 0.116 I'll I'd liiO.Dt,.,..,l nft,_l,_ 2.57 rd I'll 
1D1,DI•ft-p.,.j,l llltt_i_ 1.31 ... I'll 1114, 1 ,Z·ol.....,lll,...ul,. ].liS ,. nd 
.... ---- .................. ;; • -~- --- .. ~ "! ...... - ------............ ---- ...... - •• ··--·------····-· .................. -----· ••• 

Clearly. plant uptake cf soil bo~e organic pollu~anta is a complex phenomena. 
:.!ore work is needed betore the potential environmental iJIIpact of o%'9anic 

pollutants can be adequ_atdY, assessed and ;actions desic;nad to li.D.it such impacts. 
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