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S ARSTRACT o
B pethoatologien utilizing simple properties of chemicals - half-life (T, .}, oy ortensl-uoter partition cosfticlent (leg k) o
- Yerwry's Lou conatant {Wc) - are develapmd to screen orpanic chemicels fdapumiol plant wpreke. had
. ' INTRODUCTION

farly in 1983, the American Chemical Society's Chamical Abstract Service
registered its 6,000,000th chemical. The Toxic Substance Contrel Act Inventory
1ist 63,000 chemical substances wvhose manufacture, processing and ultimata use
for commercial purposes has occurred in the United States since January, 197%
{(TSCA Inventory, USEPA, 1585). Additionally, the number of synthetic organic
chamicals used and disposed of by sociaty is inecreasing at a rate of about 1000
new chemicals per vear, (Lcehr and Malina, 1986). This endless supply of cémpeunds
together with the variety of reactions they can undergo in the environment makes
describing their environmental impact exceptionally challenging.
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ition Of tha possible locationg for the disposal of wastes -~ surface wvaters,
e ¢ von atmosphere or land the latter represents a common location for waste disposal ax
. Proeblem wvell a2s an opportunity to managa wastas with minimal environmental impact. The
{ig macht. { object of the land disposal practice is to degrade, immcbilize, and/or transform
-schritten. 1 the wastes into beneficial, or at least non detrimental conetituenta. There are
ren Toxa- | over 200 industrial) wvaste land treatment sites-in the United States, and a larger

number cf land treatment sites for nunicipal wastewater and sludge (Loehr and
Malina, 1986). land disposal of wastes has increased during the past decade and
] is projected Tto continue te increase in the future (loehr and Malina, 198s6).

} The study of organic chemicals in the soil environment has peen dominated by
agricultural chemicals (e.g., insecticides, nematicides and herbicides) and
specific compounds that persist in the soil (e.g9., PEB'G, PBB's etc.). This
narrow perspective prcbably occurred because of the prevalence of agricultural
chenicals in soil, complexity of reactions, large number of compounds, and cost
associated with organic analysis. specific compeund attention has been propagated
By the formation of lists of specific compounds, such as the organic priority
pellutant list of 1976. Even with this narrowing of focus, the cost associated
E with a chemical by chemical investigation is prohibitive. The approach therefore
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has been to utilize physicochemical parameters, or to group compounds on the basis
of their chemical or physical pieperti-s and study selected compeunds from each
group. Clearly, we must insure that the grouping of compeunds is correct and that

the factors used in the groupings predict the behavicr and impact of compounds
not studied.

The following attempts to pro;ide a framework which usaes physicochemical
parameters to evaluate potential plant uptake of neutral or weakly iocnized organic
chemicals from soil. The procedure dces not predict plant concentration of
organics in a field situation, but provides a procedure for grouping chemicals
by their relative potential for plant uptake. As such, it should allow compound
screening ~for ~their  likelihoed “for plant- uptake and, tTherefore, Justity
experinental-gvaluation‘as well as identify chemicals of low concern wvhere testing
may be counterproductive. It should also reveal where informaticn is needed to
confirm the screening model.

BEHAVIOR OF ORGANIC CHEEMICALS

Many processes impact organic chemicals in the soil environment. The sum of
these actions determine the compounds envircnmental impact (Figure 1). Factors
such as pH, CEC, OH'contant, clay content and soil water content all impact the

rate and extent of .these processas (Goring and Hamaker, 1972). In a given

situation (so0il and environmental conditions) however, the processes are dependant

upon the physical and chemical properties of the chewmical. The characteristics
of a chamical that determine its distribution between vaper, seolid, liquid and
adsorbed phases in the so0il, and its degradatien rate become the characteristics
that determine itas environmpental rate and iwmpact upon plants. These processes
determine not only the form of the compound that is present, but alse the speed
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Plant uptake of most cheamicals is concentration dependent, thersfore a
compound's persistence can alter its ultimate fate and environmental impact.
An assessment of the half-life of a particular compound is a relatively sinmple
way of limiting the number of soil borne organic compounds that need to he
censidered as likely to impact a plant grown in contaminated soil. The
concantration of synthetic organic compounds in the soil decrease with tina,
providing no further additicns occur. Processes contributing to the decrease with
time are biological and/or chemical degradation. These processaes have been shown
to bs dependent cn soil and envircnmental factors (ie., tempermture, water
content, soil pH, and brganic C), (Hamaker, 1972). Without the quantitative
information necessary to describe the functional dependence of degradation on
these factors, it has.been shown that degradation of a specific organic chemical
can be described by a tirst order rate constant, u, (Nash, 1980: Rac and Davidson,
1980 Jury et al., 1983:; Gillett,1983). This parameter is usually measured by
determining the fractien of an applied chemical remaining after a tima t according
te Equation 1 : o

M(t) = m(0) exp (P . . (1)

where M(t) is the quantity of the compound remaining in the soil at time t, The
half-lifte, Type o2 B compeund is defined as the time required for one half of the
concentration of the chemical at any point in time to be lost from the soil. This
is related to the rate censtant (p) by : )
T/ = Q‘ﬂﬂ 12]
Half-lives of many chenicals have been published (USEPA, 1979; Jury at al.,
1983; Smith and Dragun, 1984). Unfortunately, reported values cf py may vary
enormeusly becsuse measured half-lives of compounds in the soil de not.alvays
reflect degradatioen. Often losses include other pathways (i.e., volatilization,
leaching, etc.); "Additiénally, watar content, microbial populatien, 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 1 from data in USEPA,
1878, Compounds are distinguish from one ancther on the basis of half-life in tha
z0il: less than 10 days, (Class A); between 10 and 50 days, (Class B): and greater
than 50 days, (Class C). Gillett considered compounds of T,, graater than 14 days
of sufficient stability to be of concern (Gillett, 1983). The impact of chemical
half-lives on concentration of a pollutant in the scil over time is shown in
Fiqure 2. Pollutants with half-lives of less than 10 days, for example, are
reduced to laess than 0.10% of their original concentration after 100 days in the
s0il. In contrast, pollutants with half-lives of greater than 50 days are still
present at >25% of their original concentrations after 100 days. Their impact,

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




lesrlY Yo VRt N CF3LU ZUbd dYis

compounds with half lives of less than 10 days.
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FIGURE 2 EFFECT OF CHRENICAL HALF LIFE AND TIME ON
FRACTICY RENAINIXG

The average concentration present during the plant growing peried can be
calculated by 1nt¢qzatlicn"'nf Eq’uation 1 between the limits 0 and t (growth period)
and dividing by t. Assuming a grovth peried (i.e. SO or 100 days) the effact of
half~1ife on the average soil concentration as a fraction of the amount originally
applied illustrates that the limita for classification of compéunds based on half-
lives are arbitrary (Figﬁre 3). The length of exposurs (i.e. plant growth period)
and relative average aiposute must be spacified before compounds can be classifiad
by their half-lives. For example, our use of 10 and 50 day half lives as
classification end points was based en a 100 day growth peried and relative
average exposurss of 0.15 and 0.5, Using the same half~life end points but a 50
day growth period means relative average exposures of 0.3 and 0.7.
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TABLE 1, Loqxw, H.alr 11fe andﬂctor .the Priority Pollutants -
J poovotuies ORI et Ty M ISRt 04.Y. Sodi
PESTICIDES
20.Acreletn 0,09 9 2.m-@ 2 .aldrin .62 C  4.55-0n
2.Oniordern 4.3 C  3.%-03 23.000 5.9 ' 0.%«0
2¢,Dok 5.9 8 S.0e-06 25.DOT 5.8 € 2.0%-03
2B .01elorin 2.9 € 3J.00-0d 27 Ercomulfen 3.3 ¢ vl
28 .Lrudrin 6.5 € 1.7k-05 V.heptamhler 3.9 A s.2m-02
30.Meptochior epnside 3.9 € 3.20-05 31_Nexachlareycishenare 3.8 b .02
32.Lincerm 312 € 4.06-84 X3 lsophorew 1. rmd
. T000 .14 ¢ rd 35 . Tonapharw Il ¢ 2.15-01
4 s eccvessseescccevecnnnnramnemnn e s deectsesasaseaccmannan cencenvesesarorancannenns cesnsrnaanse
L TCIRR | BATED BIPEENTLS
s .Arachlor 10V A3 C  B.M-01 34b.arschlor 1221 4% ¢ 1.3£-02
Soc Arachlior 12852 4.54 € 2.16200 Jbd.Areshior 1262 4.9% ¢ S.5e-2
. 3sm . Arcchior 1208 5.6 € 1,1£-01 XS¢t.Arochlor 1254 L. 8,06 € 1,ME-D1
Jsg.arechior 1260 6.11 € 2.%-01 37.2-chicronmphthalerm 412 € 1.%-02 -
BALOOFRATED ALTPRSTIC ETDILKARSCNE
3N.C\lercanthaw - 0.9 < 1.6f+01 39.0ichlorammcthare 1.8 8.%8-Q2
40_Trichlorome therm 1.9 8 1V 2Z-0V 4V.Tetrechloraamchenm 2.6 rd 9_4£-09
M £2.Chloromthare 1.54 | | 8.1£-01 43.1,1-dlchlerantharm 1.9 | ] 1.7%-01
. 1,2-dfchioroe there 1.48 8 J.88.02 45.7,1,1-crichiorenthane 2.17 wd 1.35e00
L8.1,1,2-trichlorantham 2.17 rd 3.%-01 47.1,1,2,2*tetrachloromchere 2.56 A ) &E-(R
<8, henachl eroetharm. [+ n 4.0 L9 hloromtherwm 0.60 a 6,26-01
50.1,1-dich{srenthene 1.8 a 1.8-01 51,1, 2-treow-dlchlorethere 1.0 s 2.7:-0%
52.7richlororthere 2,29 A 3.%-01 53 Tetrechlerortherm 2.8 a  &.kk-01
an ba 54.1,2-dichi orepr opmre 2,28  ~d 1,2b-01 35.1.3-dichloraooomm 1.98 & S.e£-02
56 . henach | orabeed{ orw 3.7 ¢ 4.38-0% ST.Wexachlorocyciopmusdiow 3.99 a4 1.58400
zricd) 53 . remee thars 1.10 3 ¢.¢fel 590 romnd{ch|srewthers 188 ™ ™
60,0 | bramnch | sromr there 2.0 md 61,77 tbr ooxmm therm 2.30 m 2.48-02
tct of a2.0ichioraditiunroos thare 2.18 € 6340 Al Trichisrefluoromrthare 2.533 ™ 2.48400 -
.nally MLCSFMATED ETMERS
B 1s(chiormm ehyl Jether -0.38 A 8.66-02 AS.0is(2-chiorumthyl)ether 1.58 nd (.7E-05
half- 66_Bint2-chloreiscprapylyether 2.58 nd ¢.T6-02 47.2-chliorsethyl vimyl other 1.28 & 1.08-02
8B _4-chlorophery| pheryiather 4,08 rd 1.06-02 40.4-bremmpharwyi phenyl etherd. 28 @ m
iriod) 70.0is(2-chlorouthaxydewtherm  1.26 € 1.12-05
33 7iad CECTELIC MORTICS
7. 5owem 2.13 & 2.3%-01 72.O\\ervtwraew 2.4 ™ 1.58-n
18 73.1,2-diehlorsbmraene 3.38  nd 1,58-01 75.1,3-dichleramnsew 3.55 md 1.02-08
ative 75.1,4-dichiorsraem 3.55 3 9.%-02 T76.1,2.6-trichiorcbwwerw 4,28 & 9.82-01
* 77 . hemach | erctmntere .18 ¢ 7.x-02 70.fvhyibavewn 3.1 A 2.4&-01
. a 50 ™.¥irrcbouew 1.85 € S.42-0 BC.Teluww 2.9 A 2.m-01
81.2,6atnitrotolmre 2.0V rd 1.3E-02 ®2.2,6-dinitrotoluare 2.5 m 1.3%-02
8. pherel 1.4 1.9%-05 04,2-chiorephawl 2.7 m™ 1.0E-04
45.2,4-dichlorophenol 3.3 A  2.38-04 88.2 4 6-trichlorepherol 3.8 = 1,7%-04
— B7.Pentachloraphermot $.01 a4 1,22-04 &8 2-nitraphenel 1,76 € 3.2E-0%
89,.4-ni troghewl 197 3 2.68°0¢ 90.2,4-dinitraphensl 1.9 ¢ 2.%m-08
91.2,4-dlnethylphawol 2.50 md 7.%8-04 92_p-chloro-wcresel 1. o 1.0E-0h
93.4,8-dinitro-o-cresst. - 285 o rd
l PATIALATE ESTERS x
° 9a.Dimthyl phtholate enters 2.12 3 B.86-08 B4b.Diethyl . v 1%l
Ke.Di-rmbacyl $.20 B 1.25-05 Sd.bi-pocevi 9.20 8 1.Z-08
Se.0is(2-athylhesyl) 3.T3 8 1.2£05 9ef Ducyl berayl 3.0 8 4. .Z%-0S - e
P T Y L L L T T e B L L A e bttt L L X L T Y PP Y pippiry !
PFOLYCTOLIC ABBMTIC FTORCCARSCNS -ﬂ-
95 e. Aconaphthew 4,13 € 1.06+02 95b.scewwmphthylon 4.07 ¢ 4. 803 €
c.Fluwres 4,18 € L.AE-0) SBd.Baghthelsm 3.37 ¢t l.me-@ h
968 .Arvchrascew 445 € 1,12:02 @b Fluoranthew 5.3 ¢ 4.0x-04
| 9bs . Phanarthrern L4 € 1.6-00 978.Barzola) wrthracerm 5.1 C 4,108 l
i 9Pb.8enzn (A} flunranthew .57 ne O%c.baras(kl fimrenthere 6.8 € nd
: S7e.Crrysemm 5.61 € 8.%-02 97e.Pyrem 5.5 ¢ 2.m-01
3, berze (gh ) peryloma 7.3 ¢ rd P8b . Benze [a) pyrwns 604 c 4.9E-01 I
98¢ .8 ibevwn {a) snthreces $.97 ¢ [} Bd. | rehero (123 -cd pyrere 7.8 ¢ red i
IISTHLAMSTE RS
9. .0imcthyl Ritrenamine 0.06 m 100D Ipharyl nitrosesire 2.7 = m
101.0i-rpropyt nitroeseine 131 ™ nd 102. 8 0l rw .81 a ra
103.3,3-dichiorcenzidine 3.02 a ™ 104 .1, 2-d i phawihtrarine .08 o md
: 105 . Acrylonierile 0.23 a J.&-0
—— 3 where (0g £ ar Ral?-t{ves (Asseqgsed a3 A v « 10 days, B « 10-50 deye,C * » 50 Geyu) o/ bused o the principsl fate procema in the
erwirument (USEPA, 79); where Nenry’s Constant ¢ diswnsionless) Mo bewn abrairesi fram the VERL Treetadility Detabese
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Adsorbed-Liquid Partitiop = "’

Considerabla research data exists on the equilibriun between an organiec sorbed
te the so0il and that in the soil-water phas-.iror simplicity, this is often
expressed as a linear sorption isotherm (Xarickoff, 1981):

o= Kd € ' | ‘ (3)
vhere C,xs the sorbed concentration (g/kg soil), Ctzs the solution concentration
(g/2® Boil selution) and K4 (m/kg) is the slope of the sorption isotherm cr
distribution coafficient (Xay and Elrick, 1967*. Equation 3 assumes complaete
reversibility and equilibriur betwveen the two phaaﬁs, vhich may not strictly occur
for some chemicals. Di Tero and Horzesmpa (198i). reported that the scrptive
process of 2,4,5,2',4',5'- hexachlorebiphenyl c&nsisted of both reversible and
strongly bound components. Such bound residues could not ke extracted by normal
analytical techn;ques}A but, could be detscted by zadiolahall;ng. Similar findingg
have been reported by others working with herbid;das and chlorcobenzenes (Xhan,
1982: and Scheunert, et al., 1985) and may requxre[the above mathematical approach
for sorption be modified to 2account for bound re;iduals.

' [

In soils and sedipenta,. vhéie the clay contank is relatively low, pollutant
sorption occurs primarily on the organic tract#on of the scil, (Hamaker and
Thouwpson, 1972; Rao and Davidson, 1980). The degr#o of sorptien of the non ienic
organic pollutant is then dependant upon the crgéﬁic carbon content in the soil,
or sediment. Variation betueen materials, wvhich ;therwisn exhibit a wide range
of physicochemjical propertieﬁ, can then be reduceé by dafining an organie carben
distribution coefficient (X_.):

Kee = ﬁi (4]

l
vhere K4 is the slope of the sorption isetherx 1‘ »’/kg, and fo 1B the organic
carbon fractiocn in the sgoil or sediment, (Means, et
all organic mattar has the same chemical structurh

al., 1982). This assumes that

K, is detlned ag: tha rat;e ‘of the crganic chemical concentration in occtanol
to that in Hater, when an aqueous solution of the brganic chemical is mixed with
n-octanol and then the organic chemical alloved‘to partition betveen the two
phases (Dawson, et al., 1980). There have beaninany investigations into the
relationship betveen_xg'ahd'x;. Briggs (1973) for example reported:

logK, = 0.524 logK,. + 0.62 (5]
from his work with 4 agricultural soils and 30 chemicals chosen for their wvide
range of properties. Similar relationships, see équation‘a 6, 7, 8, 9, anad 1o,
have been reportad ( Means, et al., 1982; Schvarzénbach and Westall, 1981; Rao,
et al., 1982; Karickhoff, 1981; and Brown and P1$gq, 1981 respectively).

logK, = logK, = 0.317 ' i (8]

logK, = 0.721 logK_ + 0.49 | (73

I
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lJogK, = .1.029 logkK, - 0.18 _ (8]
logK_: = 0.989 lcgl(_ - 0.346 (3]
legk_ = 0.937 logK_, -~ 0.006 [10]

The relationships are surprisingly similar to one another considering they cover
over 100 chemicals, as well as a large number of soils and saediments (Figure 4&).
Thus vhen the scorption value of a particular pellutant in a particular seil is
net avajilable, advantage can be taken of the relationship betveen the organic
carbon distributien coefficient (X_) and the octancl water partition coefficient
(K,) of the chemical. Recently, a nonempirical measurement (first-order molecular
connective indexes) calculated from the non-hydregen part of the molecule has been
shown to predict thae X_ of organic compounds with great success (Sabljlc, 1987).
As these calculated values for various organic compounds becoma available it will
allov for their use in place of K or K.

8
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FIGURE 4 RELATICNSHIP BETWEEN 1log Xoc AND log Kow

Te have greatest impact upen plant uptake, the organic compound must stay
vithin the vicinity of the plant root, and not be quickly leached away by mass
flow. For example most residual'soil-acting herbicides have K@ values in the range
of 1-20 with values up to 40 being satisfactory for most soil applications
(Graham-Bryce, 1984). Compounds with Xd's of greater than 1000 become inactivated
by soil sorption (Grahén-ﬁryce, 1984). Based on Equation 4 and Equation 9 for a
soil with f_ = 0.0125 (oM = 2%) Kd's of 1, 20, 40, and 1000 vould represent log
K,'s of 2.3, 1.6, 3.9, and 5.3, respectively. '

i a- itle

Vapor phase partitioning of a compound in the soil influencas the spread of
the compound through the scil. Even for chemicals with relatively low vapor
pressure, this transpoert routse has been shown to ba significant (Mayer,et al.,
1974). Those chemicals that have a high vapor pressure wmay casily move from the
soil solution into the scil air phase, where they can mnmove throughout the soil

A
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and across the scil surface. The vapor-phase pay be taken up by the plant either
through roots or by above ground portions of the plant.

The corppartmentalization of the compound betvean the soil solution and the ajr
spaces in the soil is frequently described by Henry's Lav (Jury et al., 1983) with

the extent of partitioning described by Henry's constant (Hc). This can bae
calculated as:

Henry's CcnstanF(HF).= . TS (11}
vhera P = vapor pressure of pure soluta in mm/Hg,
M = moglecular veight of soluta,
e s .T. = absoclute temparature, and
- S = solubllity in vater mg/L

(Thibodeaux, 1579). ﬁenry‘s Constant may be expressed in diffsrent units and vary
by several crders of magnituds depending upon the source of the original data.
Tor example, estimated values for vinyl chloride of 2.3 X 10 to 6.35 atn »’/mol
are reportad by Mackay and Shiu (1981) and Geoldstein (1982), respectively.
Experirentally determined Hc values are considered more reliable than calculated
values. Henry's Censtant, dimensionless, for the priocrity pollutants is provided
in Table 1. ~ '

Corprehensive studies have not been conducted to determine the He above whieh
volatilization plays an important rola in the transport of a chemical in the
atwosphere. Thus, it is not pessible to select a He above vhich transport in the
soil will occur primarily in the vapor phase. Howaver, a partition betwveen the
vapor and agueocus phases of greater than 10™* is normally sufficient for a
chenical to be a good preemergence herbicide (Graham-Bryce, 1984). Jury et
al.,(1984) utilized three volatility categories with Hc values of 2.5 x 107, 2.5
x 10 and 2.5 x 107. Gillett (1983) utilized values of 10™ and 6 x 10 in his
classification. Tyua;;th- vaiue oflln“ nay be a reasonable transition point for
determining vhen vapor diffusion becomes important. This would mean that vapor

diffusion would be important for all PCB's and halogenated aliphatics and

unimpertant for scma of the monocyclic and polycyclic arematice and many
pesticidas. seil .spfpﬁgen%;éan significantly reduce chemical volatilization
(Fairbanks et al., 1985) thhs. the arbitrary value of 10 may overestimate the
importance of volatilization in high organic carbon soils. Jury et al., (1983)
used He and K to caleculaté volatilization flux from soil.
PLANT UPTAKE OF ORGANIC CHEMICALS

Chemical uptake by plants {5 a complex process that may involve a compound
specific active processas, and/or a passive process in vhich the chemical
acconmpanias the transpiration water through the plant. If the former case

dominates, a rigorous relationship Dbetveen plant uptake and the chemicals
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physicochemical parameters may not exist, altheugh some general guidelines may

be expected. If uptake into the plant is a passive procaes, rigorous relationships
should exist.

It is generally accapted that there are four main pathways by vhich a chemical
in the s0il can enter a plant (Topp et al., 1986). These are:

1. zoot uptake and subsequent translocation by the transpiration stream,

2. vegetative uptake of vapor from the surrounding air,

3. uptake by external contamination of shoots by soil and dust, followed
by retention in the cuticle or penetraticn through it, and

4. uptake and transgozt in oil cells which are found in oil containing
plants 1iks carrots and cress.

The amount of an orqan;c chemical found in a plant will be the sum total of

each of thase transpcrt routes m;nus metabolic losses. Thelr respective importance
vill depend upen the nature ct the organic chemical, the nature cf the 80il, and
the environmental conditlons under which plant exposure occurs. Pathways 3 & 4
are significant only in specific situations. Thusa, for the purpose of describing
the ganaeral case of plant uptake,-they can be discounted as majer reutes of plant
contaminatien. Host»réported instances of plant uptake of soil-beorne organic
compounds make no attempt to di;criminata between pathways 1 & 2. Therefore, the
relative importance of each pathway, under different environmantal conditions,
has not been assessed at present.
Rpot Uptake And Translocation

Shone and Wood (1972) investigated the absorption and translocation of the
herbicide =simazina by 6-day~old barley plants 4in solution cultures. The
experiments were either 24~ or 48-hour experiments conducted under different
conditions of humidity, libht intensity, temperature, and lavels of matabolic
innibitors. The xela(iohship between simazine transport and water uptake was
described by a transpiration stream concentration factor (TSCF), defined as:

TSCF = K4 gimg;ine in shoots per nlL water tranapired
Kg sxmaz;na per mL of extarnal solution

They found that vater vas taken up preferentially to simazine, because the TSCF
vas always less than unlty, i.e., the concentration of simazine in the plant
shoots per ml of water transpired never reached that in the external soclution.
There was no evidence of loss of or breakdown of the parent compound dﬁring the
experiment. The concentration of simazine in the plant roots, on a fresh wveight
basis, hovever, reached a value greater than unity as a result of physical
sorption of the herbicide to tha root tissue.

Evaluation of other triazines led to the conclusieon that plant uptake was, in
general, a passive process because TSCF vas less than unity, (Shone et al.,1973).
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Plant uptake of € herbicides and a fungicide showed that TSCF was independent of
concentration and less than unity for all except 2,4-D at pH 4.0 (Shcne and Woed,
1974). In the case of 2,4-D at pH 4,0, plant uptake vas metabolically influanced.
Briggs et al.,(1982) evaluated plant uptake of 18 chemicals and found that the
TSCP vas less than unity for all chemicals studied. They related the TSCT ta the
octanol/wvater partition coefficient (X_,) for the chemicals and found a bel)
shaped relaticnship between TSCF and X,. vith a broad maximum around a X, of 1.8,
A Gaussin curve (Figure 5) was fittad te the data such that:

2

TSCF = 0.784e" L (109K =.1-78) /2.44] [12)
The authors suggssfed that at K, values below 1.8, translocation is limited by
the 1ipid nembranes in the root. At K, values abeve 1.8, translocation is limiteq
by the rate of transbbrt'of'ﬁhe lipophilic chemical from thae plant root te the
top of the plant. All thé“TSCr values ¥ere.balov unity, suggesting passive
chemical movement iﬁfé'thitshceg vith the transpiration stream. There was no
evidence that chanicali vere taken up against a concentration gradient.

TSCr

log rovw

FIGURE S RELATIONSKIP BETYEEX 1o0g Xov AND TRAXSPIRATION
STREAM COXCENTRATICN TFACTOR

—2foieg from Brigen i e:. Jam2

Shone and ¥ood (1974) proposed that the uptake of a chemical into a plant reot
could be described by a. root concentration factor (RCF), defined as:

RCF = concenttation in yoot, (4as/q fresh wt.)
concentration. in external solution, (pg/nL)

Using radiclabelled herbicides in solution culture vith barley seedlings, thaey
choved that the quantity of the herbicide transported to the plant stems (TSCF)
could not be inferred from the concentration in the plant reoots (RCF). In
additicn, although the RCF of soma of the tested herbicides exceeded unity, uptake
vas nhot affected by tewperature. This, suggests the compounds were retained by
physical sorptien rather than bYiochemically.

¥hen barlay seedlings vere transferred from the herbicide amended solutien
culture to & herbicide free solution, RCF decreased before TSCF was affacted by,
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the change (Shene et al., 1374). Thus lipophilic herbicides appear to penetrate
the cortical cells of ths root vhereas the lipophobic herbicides are largely
confined to the frea cell -space in the root.

briggs et al., (1982) found that RCF was relatad to K_. Starting with a valye
o? less than unity for polar coﬁpeuhds. RCF increased with increasing X,,-
Sorption of chemicals by macerated roots vas very closely related to the RCF of
living roots, for the more lipophillic chericals. In contrast, the RCF of maceratsd
roots continued to dacrease as the lipophilicity decreased (Pigqure &)}. There was
a linear relatiaonship betveen the log concentration factor of the macerated roots
and log X : o
10gRCY (| vied rey = 077 1ogKy = 1.52 . : . : B &}
100 - ‘ '

10 4

RCF

LIVING ROOT

1 4 _ _.”-_______,_.—(‘":

.0 12 3 4 5
log kov
FIGURE & - EFFECT OF 7ISSUE STATUS ON THE RELATIONSHIP

‘BETVEEN log Kow AXD ROOT CONCENTRATIOF FACTOR
Acsotey from B igoz et al. 1982

Assuning that RCF of living roets could be explained by twvo processas: (1) a
partitioning of the crganic chemical between the lipophilic root tissue and
sxternal solution culture and (2) a fraction of root that is aquecus and equal
in concentration to external scolution phase (constant for all compounds, 0.82).
Briggs et al., (1983) suggested that sorption of chemicals by the root is a
partitioning described by: a o Coovao¥i

log(RCF - 0.83) .= Q,_77 logk, - 1.52 v \9L) e - 07 A AR TY
They propeosed an‘anALOgeus stem concentratien factor (SCF):

el

- concentratien in stem (ug/g fresh wt.)
sc¥ concentration in external solution (ug/mL)

Macerated stems sorption of organic compounds was alsc related to the K of the
compgund :

IOgSCF(--:ntd tem) °.95 1°qx=u = 2.05 (15]

IR RS N & DI N o J

»
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Assunming that the contribution of the aqueous phase in the stam vas similar to
that in roots (0.82), the partition betveen the stem and xylem stream is:
109 (Ryycmvayiam sapy, = 0-82) = 0.95 logK, - 2.05 f16)
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The SCF is then given‘by:tye K onyiem sy} Partition coefficient zultiplied by the
partition of the external sclution present in the xylem sap (TSCF):

ScF = [10(0.951ogxu - z.osy/ﬂmo‘azl. N - ”‘“ik17]

/7 . 2 A e

[(0.784)2870- 4041 (LogK,, ~ 1.78)7/2.44] L

For 15 chemicals (logK, from -0.57 to 3.7), The experimental points f£it the

predicted line quite well (Figure 7). The shift in log X, vhere TSCF reaches a

maxiyum (1.8) to wherw SCF reaches a yaxipum (4.5) arises because sorption of

the more lipophilic compounds by the stem tissue increzses faster than the TSCP

decreases. The predicted decline in SCF for compounds of log K, > 4.5 was not
tasted. - ... . . S U e .

SCF

Or O Wa o N

lag Kow’

FIGURE 7 .RELATIONSEIP BETVEEN Llog Xow AND PLANT
CORCENTRATION FACTOR ’
Acspred from Briggs et 81. 1983

There have been other attempts to relate plant uptake and translocation of an
organic chemical to either the physical or chemical properties of the chemical,
Topp et al., (19!6) zeported the relationship:

1ogRCP = 0.63 logK, - 0.958 [18)

following their exposure of barley seedlings for 7-days te various chemicals in
wvater culture. ’ ’

Tha concentration.fﬁétor (C¥) concept is a useful way of describing the
relative concentration of an organic chemical in a particular plant part. It has
many limitations, howvever. These arise because the concentration of orxganic
chamicals, both within the soil or nutrient solutien and within the plant part
do not remain constant with time. Chemicals in the soil, or in nutrient solutien,
may be depleted by plant uptake or degradation: chemicals in a plant may alse be
reduced with time by degradation within the plant, or by increases in plant nass
effectively diluting the chemical. Changes in uptake as measured by the CF, have
been reported, Pigure 8 (Topp et al., 19686). Different CF's arise depending upen
the timing of the actual sampling. Purther it seems logical that the CF would
depond upen 50il cencentration, initial vs soil concentration at time of plant
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The work of Shone, Briggs, and their co-workers reported above was carried ocut
in nutrient solution cultures where sorption and descrption effects of soil
organic matter were absent. The application of their results to plant uptake from
tield soils requires that soil sorption be considered. The effact of soil sorption
on s0il selution concentration can be mathematically described using the following
relationship:

§c, = &c, + BC, (19)
vhere €, is the total organic chemical concentration in the seil (ug/q), § i3 the
soil bulk density (g/¢m’), C;'is the adsorbed chemical concantration (sg/g), © is
the soil-water content by volume (nl/ca’) , and c, is the chemical concantration
in the scil-vater phase (pgs/ml). Using the linear equilibrium relationship in
Equation 3 and 4 allows Equatien 19 to be rewritten in terms of C, such that:

C 5
I - T (20]

It is nov possible to combine eguations relating soil sorption and seil
solution concentration and calculate RCF, TSCF, and SCF for differant chemicals
on a total soil concentration basis. Subgtituting Equation 20 into Equation 17

vhere C, iz the e.xterna}. sqlution and:

SCF sy = concentration in seoil o '
glves: s S)ﬂﬁ'(‘\ \L) &
£ Lo
§ (0.9510 - 2.05) ;
SCFeom = TR TE (120 LA + c.82]* (21)

[(0.784)10 0-434((1ogK, = 1.78) Z2.44] 1

For nutrient selutions this equation reduces to Eq (17) vhen f_ =~ 0, € = ],
and § » 1, Inclusion of soil sorption inte the SCF from Briggs et al., (1983)
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alters the relationship between SCF and log K, such that the log K vhere plant
adsorption is a maximum decreases from 4.5 for nutrient solution te 1 for socils.
(Pigqure 9). The decrease in SCF for chemicals vith leg K, greater than 1 is

supperted by tha published literature on plant uptake in so0il systems (Travis and
Arms, 1988). B

7™
6 -
5 - SCr(solution)
[ 4 4
Q
@ 3~
] _
. SCF(soil)
0 —— .
-1 a. 4. 2 2 q s s 7 8 9
Lo lo9 Xov
FIGURE 5 IFFECT OF SOIL ON THE RELATIONSEIP BETVEEN
log Xov AND STEN CONCENTRATION FACTCR

. Equation 21 implies that plant uptake is related to scil organic matter content-

{(Figure 10).Differences in the plant uptake of an organic chemical in soils with
different organic carbon contents has deen shown experimentally. Lichtenstein et
al., (1967) for example, showed higher concentrations of the pesticide aldrin in
roots of peas vhen grovn in aldrin- polluted gquartz sand compared to a loam soil
containing approximataly the same total concentration of the pollutant.

7 -
6 -
s
-

ORGANIC MATTER

scr

34

= 10 Eow

FIGURE 10 EFFECT OF SOIL ORGAFIC MATTER OX THE
R RELATIONSHIP BETVEEN log Kov AFD
STEX CCICENTRATION FACTOR

It is alsc apparent from Equation 21 that increases in scil wvater content
reduce SCF (Figqure 11). Hovever, for a soil with a f_ of 0.0075 (1.25% organic
matter), changes in soil water content over the range 0.1 to 0.8 n1¢cn’ altered
SCF less than 10% for chemicals with a X_ greater than 2.5. The fraction in

solution, (GCL/C,,‘_increases as s0il wvater content increases even though the
organic chemical coneentration (€)) in the soil solution-pbase decreases.
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Therefore, if plant transpiration vere increased by increasing scil water content,
plant concentration could be increased. Walker, (1971) feund that the
phytotoxicities of the pesticides atrazine, sipazine, linuron, lenacil, and
aziprotryne were increased as the moisture content of the soil increased. Ha
relatad the effect to differences in the quantities of the pesticides that were
accumulated by the plants, with the degree of accumulation baing directly
preporticnal to water upfakn.

VOLUTETRIC VATER
CONTENT

CEN

1

109 FRov

PIGURE 11 EFFECT OF SOIL. VATER CONTEST OF THE RELATICNSHIP
SETVEEX 1log Kov AND STEN CONCEFTRATION TFACTOR

In conclusion, assuming degradation of the organic chemical doas not occur
vithin the plant, and plané root uptake and translocation of organic chemicals
from tha so0il is passive, plant uptake can be deascribed as a saries of consescutive
partitions reactions. Partitioning occurs betwveen soil sclids and soil water, soil
vater and plant roota, plant roots and transpiration stream, and transpiration
stream and plant stem. This partitioning can be related to the X, of organic
coppounds such that poliutants with high log K _ valuea, (eg. TCDD (6.14), PCB's
(4.12-6.11), some of the phthalata estars (above 5.2) and the polycyclic arocmatic
hydrocarbons (4.07~7.66)) are most likely to be sorbed by the soil and/or plant
root. Chamicals with. lover K ‘values ‘are likely to be translocated within the
plant and may reach smgnlt;cant concentxat;onn wvithin the abpove ground portions
of the plant.

apo. as

For volatile compounds, diffusioen in the vapor phase and subsequaent uptake by
the root and/or shcot_may.be'an inmportant route of cheaical entry into plants
(Parkar, 1966, and Prendeville, 1968). Tvo-proéestes precede the penetration of
chemicals in the seil into plant tissue via the air: 1) volatilization of the
chemical from the soil and 2} deposition from the air onto the plant surface. Seoil
volatilization depends upon the vapor pressure of thae compound which varies
according to ambjent temperatures, watex solubility of the compound, and sorption
capacity and physical properties of the soil.
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Increasing the scil-vater content of a soil will increase the potential for
volatilization loss of "a chemical (Guenzi and Beard, 1970). Harris and
Lichtenstein (1961) showed that the rate of volatilization of aldrin from soi)
increased with aldrin concentration, soil poisture, relative humidity, temperature
and the rate of air novement. Chemical concentration effects cease vhan the
concentration reaches that required to give a maximuwm saturation vapor density
equivalent to that of the pure cempound. For dieldrin in a Gila silt loam sof}
this concentration wvas 25 ppm (Farmer et al., 1972). These authors also report
that under similar environmental conditions the rate of volatilization was lindane
> dieldrin > DDT, which is the same order for increasing vapor pressures. Jury
at al., (1983 and 1984) developed a behavior assessment nodel that saparateg
compounds into velatilization categories baced on Henry's constants.

Thara have héeh-ufaD; investigations aimed at separating root uptake anad
translocatien of a chemical from vapor phase uptake inte plant shoots. In an
experiment designed to discriminate these effects, Beall and Nash (19571) found
soybean shoots were contaminated by soil applied dieldrin, endrin and heptachloer
largely via roct uptake and subsequent translocation. Vapor phase foliar sorptien
hovever dominated’ for DDT and was nearly 7 times greater than root sorption and
translocatien. Poliar contamination from vapor sorption of residues from all four
ingecticides vas similar (about 6.5 ppm plant dry weight), whereas contamination
from root corption and translecation varied from 28 ppn to 1 ppm depending upon
the compound.

Using similar experimental techniques, Fries and Marrow (1981) found that PCBs
reached the shoots of plants via thae vapor phase rather than frem root uptake,

although the importance of this route for PCB contamination ¢f plants remains
inconclusive.

Topp et al., (1986) 1nvsstigated the uptake of 16 organic chemicals by barlay
seedlings. Folxar uptake vas ralated to the amount of chemical volatilized from
the soil sur!ace.”The relat;onship (F1qure 12) after 7 daye exposure wvas:

FU = 46.11 + 28.95 log VOL ‘ (22)]
vhere FU wvas foliar uptake as percent of total “e uptaka, and VOL was the organic
Ye trapped from the air plus that sublimatad on the walls of the exposure charbar
as percant of th-utbtalA"c applied (Note that in tha original publication the

- gign in front of log VOL is negative, this is assumed to be a typographical

errer). Four compounds (benzene, pentachlorcphenol, diethylhexylphthalate, and
the phenylenediamine pigment) did not fit the calculated line because they vare
nonpersistent and taken up after mineralization to '‘co,.

There are many difficultias in extrapolating vapor phase uptake in the
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laberatory to that in the field. Overall, volatilization rates are likely to bea
higher in the laberatory than in the fisld. This is becausa laboratery soils are
norzally Xept molst ¢to eancourage plant growth, and this encourages
volatilization. In addition, the actual deposition of volatilized chemicals onto

a plant in the field is likely te be lower as atmospheric turbulence may be
higher.
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FIGURE 12 RELATIONSHIP. BETYEEN VOLATILIZATION AND
“FOLIAR UPTAKE. acsptec from Tope et al, 1886

The importance of plant uptake of organic chemicals via volatilization under
field conditions, remains to be determined. However, it appears potentially
cignificant for compounds with Hc greater than 10™*. The impact could be estimated
by calculating cunulative volatilization losses over the growing peried and
assuming that all of it ends up in the plant. The nodel of Jury st al., 198) could
ba utilized for this purpose.. ‘ T s T

o .mﬂf-.

The final variable affecting plant uptake of soil-borne organic pollutants is
the plant spacies jtself. There has been no systematic examination of plant
responses to organic chemicals in seil, although it does appear that, as with
plant uptake of eoil-borne heavy metals, there is variation in uptake both betwveen
species and vithin the saneuﬁbecxes on an individual level (Chaney, 1985; and
NcNeilly, 1978). For e!ample: Harris and Sans (1967) found that sugar bsat roots
accumulated more dieldrin froem a clay soil that contained dialdrin, than did
carrots, potatoes, sugar beet tops, corn, oats, and alfalfa. Lichtenstein and
shulz (1965) - on the othez hand ~ report that carrots usually take up wnore
organochlorine 1nsect1c1des than do other root crops such ag potatoes, radisah,
turnip, and beet. This apparent contradiction can be resolved by consideration
of varietal differences which can be as much as 400t wvhen different carrct
varieties are grown in sail containing endrin (Hermanson et al., 1970).

CONCLUBIONS

In solution culture, the movement of nonisnic organic compounds into roots is

a passive process, equivalent to a partitioning betveen the liquid and selid
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phase, and can be related to the octanol water partition coefficient of the
compound. Subsequant translocation of the chemical from roots to shoots depends
on the K of the compound and the transpiration rate of the plant. Based on
available data, compounds with a log K_ of approximately 4.5 are most likely +q
accunulate in the stem and leaf tissue of plants.

In soil systems, there is competition between the plant and soil solids
{organic fraction) for the partitioning of organics from soluticon. As the sorption
of the compdund by the aoil>ozg§nic phase increases, the quantity available for
plant yptakea decreases. Based upon these considerations compounds wvith log K
of 1 -2 are meost likely to have significant transport of the chemical to above
ground plant tissue produced in soil systems. If matabolism of the compound in
the roots is azgnx!icant even compounds with lowv log K_'s Bmay not be
translocated (Hcrarlan et al., 1987). Compounds with high log X, > 5.0 would not

be expacted to be present in above ground plant tissue if plant uptake is limited
by seil solution.

The potential ro: root or plant .sorption of orgyanic compounds from vapor is
dapandent upon the vapor preasnrn of the compound. Very few axperimenta on this
route of plant contamination have been conducted, Based upon tha movemant of
berbicides in the soil, a Henry's constant of 10 may be used as a transition
peint between prinary movement in selution and vapor phases. If it can be assuned
that vapor movement in the soil will result in vapor uptake by the plant, then
those compounds with He >10™* are potential candidates for vapor phase uptake.

Superizposed upon both of these processes is the half-life of the compound.
Iz it s sﬁort, i.e., less than 10 daye, the chemical is likely lost from the
system bafore it can ke taken up by tha plant. Those compounds with long half
lives, i.e., greater than & months or greater than the growing season of the
plant, prasist 1quugpgggpdco impact plants. )

aApplying these screening processes to the priority pollutants, listed in Table
1, reduces the number of chemicals likely takan up by plants. For exanmple, if
plant uptake and t:ahsloc;tion yithout vaporization is the pathway or concern,
the list of 107 chemicals is reduced to 50 on the basis of half-life and X,
(Table 2). If vaporizatioen - is of concern the list is reduced from 107 to 64 on
the basis of half-life and He, (Table 3).
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61.Tr | bromeme tharm: 2.30 mt 2,6E-02 a2.Dichicradiflwrametherm 2.16 € 6.3E+0)
41,77 tchlorof Lumrosmthone 2.53 rm 3.4kv00

sssamstesdecnsncencncnancnana weevevmeseRERsaEtcnenan LR R LYY XL LI IR LR T R R R R A R R Y T T R L Y
BALIGEMATED FTMERS

63.81s(2-chlormethyllether = . 1.5 rd 4.TE-05 6b.Mec2-chlorolsapropyt)ather 2.58 ~d 4.7E-02
70.310(2-chloronthoxy s thare 1.6 € 1.1€-05

AMOCYCLIC ARCRATICS

TR.Ohlorchenzere 2.8 md 1,301 73.1,2¢dichlorcheraens 3.3 nd 1.58-00
76.1,3-dichlorcbanzere 3.55 ma 1.1£-01  75,1,4-dichioroberges 3.8 ™ V-2
79.51trobenacre 1.85 € S.aE-0h 81.2,4-din{trecelusmw 2.0 md 1.3&-2
82.2,6-dinitretelume T 2,05 mt 1.38-02 B.2-chlorupherel 2.17 =t 1. 9E-04
88.2.4,6-trichlorcphenel 3.0 rd 1\ .7E-D4 8A.2:nitraphwwl 1.7 ¢ 3.2
59.4-nitrophernl’ 1.91 3 2.0f-0¢ 00.2 i-dinitrepherst 153 ¢ .m-08
91,2, 4-dimthyipnemmt .50 < ?7.5¢-08 92.p-chloro-w-cresol 3.1 3 1,06-04
93.4,6-dinitre~o-cresel 2.8 ™. ™

PRTRALATE IITERS

94s.Dimethyl phthelete estars 2.2 b 5.8E-08 Sib.DIethyt 3.2 8. VEeDm
POLYCTAL IC AFTBMATIC ETDACCAMAONS .

954a. ¥aphthe lerm 3.37 ¢ :2.08-02

T T T T L Ty L
NISELLANERES COWCIErs
B .Dimethyl nitronswire
101, Disnepropyl nitrosamire

0.06 ™ ro 100.0ipherwl nitronasine 257 nd m
v ™ e 108.1,2-diphenylhvarazine 303 ~

B L T Y T LT Ty T Y T R L T P e e ]

2317

2 Log X Half-life and Hc for Priority Pollutants which are subject to
plant uptake f}o




2318 3
s
. s
{‘ -
1
’
l
1)
; TABLE 3. Log X,, Half~life and Hc for the Priority Pollutants vhich are subject |
. to plant uptak. via velatilization 1 o
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40.Trich orcmethare 1.9 B 1.2ZE-01 L1.Tetrechlaramvharw 2.6 m 9.82-01 )
42.Chloreathane - 1.54 0 6.15-01 'a3,1,)-dichierortherm L7 3 - 1ipoy
44,1,2-dichl orowtharnm 148 8 3.82-02 45.1,1,1-trichliorowthane 217 rd 1.35w00
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68.81a(2chlorcisapropyilether 2,58 md 4.7E-02 6A.L-vhisrwphanyl phonylother 4.08 ™ 1.0E-02 > hoot
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77 Hexacht crcbandene 6.9 € T.0€-02 81.2,4-ainitrotolusme 2.9 g 13602 coef]
82.2,6-¢inirrotolure 2.08 nd 1.35-02 93,4,.8-dinitre~ercrwol 2.8 w m
' PATUALATE ESTERS .
$4b.Disthyt - 2 s 1@ Browy
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Clearly, plant uptaka of soxl borne crganic pollutants is a complex phencmena. ! Pawse
Mere work is needed before the potential environmental impact of organic E £ n
» : . ° a
pollutants can be adequately assessed and actions designed to limit such impacts. t listi
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