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ZVTIlODnCTIOH 

Early in 1983. the American Chemical Society's cheaicaX iibstract Service 

reg-istered it& 6,000,caoth chemical. The Toxic Substance Cont:rel Act Inventory 

list 63,000 chemical substances vhose manufacture, processing and ultinate use 

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

(TSCA Inventory, USEPA, 1985). Additionally, tha number o£ synthetic organic 

chemicals used and disposed of by society Is Increasing at a rata o{ about looo 

new chemicals per year, (Iioehr and Malina, 1986) . This endless supply of compounds 

together with tha variety of reactions they can undergo in ths environment ualces 

describing their environmental impact exceptionally challenging. 

Of tha pesBible locations for the disposal, of wastes - surfaca waters, 

atmosphere or land the latter represents a common location for vaste disposal as 

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

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

the wastes into beneficial, or at least nen detrimental constituents. There ara 

over 200 industrial waste land treatment sites-in the United States, and a larger 

number of land treatment sites for municipal wastewater and sludge (Loehr and 

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

is projected to continue to increase in the future (Loehr and Malina, 19B6). 

The study of organic chemicals in the soil environment has been dominated by 

agricultural chemicals (e.g., insecticides, nematicides and herbicides) and 

specific compounds that persist in the soil (e.g., i>CB's, PBB's etc.). This 

narrow perspective probably occurred because of the prevalence of agricultural 

chemicals in soil, complexity of reactions, large number of compounds, and cost 

associated with organic analysis. Specific compound attention has been propagated 

by che formation of lists of specific compounds, such as the organic priority 

pollutant list of 197 6. Even with this narrowing of focus, the cost associated 

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 properties and study selected compounds from each 

group. Clearly, wa must insure that the grouping of compounds is correct and that 

the factora used in the groupings predict the behavior and impact of compounds 

not studied. 

The following attempts to provide a framework which uses physicochemical 

parameters to evaluate potential plant uptaXe of neutral or weaJcly ionized organic 

chemicals from soil. The procedure does not predict plant concentration of 

organics in a field situation, but provides a procedure for grouping chemicals 

by their relative potential for plant uptaJce. As such, it should allow compound 

screening —for their -iiJtelihood "for plant—uptake and, "therefor*, justify 

experimental evaluation as well aa identify chemicals of lov concem where testing 

may be coimtsrproduetive. It should also reveal whera information is needed te 

confiziB the screening model. 

BrHXTIOB or OfiOAiaC CBEKZCAXd 

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

these actions determine the compounds environmental impact (Figure 1} . Factors 

such as pH, C£C, OM content, clay content and soil water content all impact the 

rate and extant of .these processes (Goring and Haaaker, 1972). In a given 

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

upon tha physical and chemical properties of the chemical. The characteristics 

of a chemical that determine its distribution between vapor, solid, liguid and 

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

that determine its environmental fate and iaipaet upon plants. These preceases 

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

at vhich the compound moves or spreads through the soil and atmosphere to achieve 
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its impact. The Importance of each of these processes will be discussed 

separately. 
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Degradation 

Plant uptaJca of most chamicals is concentration dependent, therefore a 

compound's persistence can alter its ultimate fate and environmental impact. 

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

way of limiting the number of soil borne organic compounds that need te be 

considered as likely to impact a plant grown in contaminated soil. The 

concentration of synthetic organic compounds In tha soil decrease with time, 

providing no further additions occur. Frocessee contributing to the decrease with 

tine are biological and/or chemical degradation. These processes have baan shown 

to be dependent on soil and environmental factors (ie. , temperature, water 

content, soil pH, and organic C)I,. (Hamaker, 1972). Without the quantitative 

information necessary to describe the functional dependence of degradation on 

these factors, it has bean shown that degradation of a specific organic chemical 

can be described by a first order rate constant, n , (Nash, 1980: Rao and Davidson, 

1980; Jury at al., 1983; Clllett, 1983). This parameter is usually measured by 

determining the fraction bf an applied chemical remaining after a tina t according 

to Equation 1 : • 

M(t) - M(0) exp CJ] 

where K(t) is the quantity of the compound remaining in the soil at time t. The 

half-lite, T,,2i ot a compound is defined as the time required for one half of the 

concentration of the chemical at any point in time to be loat froa the soil. This 

is related to the rate constant (̂ ) by : 

T,/z 
0.693 

tS] 

Half-lives of many chemicals have been published (USEPA, 1975; Jury et al., 

1983; Smith and Dragun, 1984). Unfortunately, reported values of ft tnay vary 

enormously biacausa measured half-lives of compounds in thct soil do not always 

reflect degradation. Often losses include other pathvays (i.e.. volatllitation, 

leaehing, etc.). Additionally, water content, microbial population, and 

tenperature can significantly influence the rate of loss thua, a chemicals life 

may vary from soil to soil. Half-lives are reported in Table 1 fron data in USEPA, 

1979. Compounds are distinguish fron one another on the basis of half-liCe in tha 

soil: less than 10 days, (Class A) ; between 10 and SO days, (Class B) ; and greater 

than SO days, (Class C). Gillett considered compounds of Ty^ greater than xa days 

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

half-lives on concentration of a pollutant In the soil over tima is shown in 

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

reduced to less than o.io* of their original concentration after loo days in the 

soil. In contrast, pollutants with half-livea of greater than 50 days are still 

present at >25* of their original concentrations after loO days. Their impact, 

and relative potential for plant uptake, are much more pronounced than that for 
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compounds with half l i v e s of l e s s than 10 days. 
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The average concentration present during the plant growing period can be 

calculated by integration of Equation 1 betveen the limits 0 and t (growth period) 

and dividing by t. Assuming a growth period (i.e. 50 or 100 days] the effect ef 

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

applied illustrates that tha limits.for clasaification of compounds based on half-

lives are arbitrary (Figure 3 ) . The length of exposure (i.e. plant grovth period) 

and relative average exposure must be spacified before compounds can be classified 

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 grovth period and relative 

average axposuras of o.lS and o.S. Using tha same half-life end points but a So 

day growth period means relative average exposures of 0.3 and 0.7. 
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Aaaorbed-Lieniid Tartitiyn' ' 

Considerable research data exists on the equilibrium betveen an organic sorbed 

to the soil and that in the soil-water phase. | For slaplicity, this is often 

expressed as a linear sorption isotherm (Xarickoff, 1981): 

C,- Kd C, [3j 

where' C, is the sorbed concentration (g/kg soil) , C^ is the solution concentration 

(g/m^ soil solution) and Xd (mV)(9) is the slope of the sorption isotherm or 

distribution coefficient (Kay and Elrick, 1967)1. Equation 3 assumes complete 

reversibility and equilibrium between the two phaaies, which may not strictly occur 

for some chemicals. Di Toro and Horzempa (1982), reported that the sorptive 

process of 2,4,5,2',4',5'- haxachloreblphenyl coinsisted of both reversible and 

strongly bound components. Such bound residues could not be extracted by normal 

analytical techniques, but, could be detected by r^dloliibelling. Similar findings 

have been reported by others Working with herbldides and chlorobenzenea (IQian, 

1982; and Scheunert, et al., 1985) and may require {the above mathematical approach 

for sorption be modified to account for bound residuals. 

• ' • • • : ' : . i 

In soils and sediments, . where the clay contenit is relatively low, pollutant 

sorption occurs prinarlly on the organic fraction of the soil, (Hamaker and 

Thompson,. 1972; Sao and Davidson, 1980). The degree of sorption of the non ionic 

organic pollutant Is then dependant upon tha organic carbon content in the soil, 

or sediment. Variation between materials, which otherwise exhibit a wide range 

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

distribution coefficient (X^): 

Sd 
K« = 

vhere Xd is the slope of the sorption isotherm in m /kg, and f^ is the organic 

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

all organic matter has.the same chemical structurb. 

C4] 

This assumes that 

to partition between the two 

There have bean i many investigations into the 

example reported: 

[5] 

K^ is defined as the ratio of the organic chemical concentration in octanol 

to that in water, when an aqueous solution of the brganic chemical is mixed with 

n-octanol and then the organic chemical allowed 

phases (Dawson, et al., 1980) 

relationship between K^ and I^. Brigge (X973) for 

logK. = 0.524 logK^ + 0.62 

from his work with 4 agricultural soila and 30 chemicals chosen for their vide 

range of properties. Similar relationships, sea Equation's 6, 7, 8,9, and 10. 

have been reported ( Means, et al., 1982; Schwarzenbach and Westall, 19B1; Rao, 

et al., 1982; Karic)choff, 1981; and Brown and Flagg, 1981 respectively). 

logX. = logX^ - 0.317 i [6) 

logK_ = 0.721 logX-^ ••• 0.49 [7] 
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logK. =1.029 logX^ - 0.18 [BJ 

logK^ = 0.989 logX,^ - 0.346 [9] 

logK^ = 0.937 logX^ - 0.O06 [10) 

The relationships are surprisingly similar to one another considering they cover 

over 100 chemicals, as well as a large number of soils and sediments (Figure 4) . 

Thus when the sorption value of a particular pollutant in a paz-ticular soil is 

not available, advantage can be taken of the relationship betveen the organic 

carbon distribution coefficient (K^) and the o<rtanel water partition coefficient 

(K^) of the chemical. Pecently, a nonempirical meaEurement (first-order molecular 

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

shown to predict tha X_ of organic compounds with great success (Sabljlc, 1987). 

As these calculated values for various organic compounds become available it will 

allov for their use in place bf K^ or K̂ _ 
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To have greatest impact upon plant uptake, the organic compound must stay 

vithin the vicinity of the plant root, and not be quickly leached avay by mass 

flov. For example most residual sell-acting herbicides have Xd values in the range 

of 1-20 with values up to ao being satisfactory for most soil applications 

(Graham-Bryce, 1984) . Compounds vith Xd's of greater than 1000 become inactivated 

by soil sorption (Graham-Bryce, 1984). Based on Equation 4 and Equation 9 for a 

soil with f^ » 0.0125 (OM = 2%) Xd's of 1, 20, 40, and lOOO would represent log 

K^'s of 2.3, 3.6, 3.9, and 5.3, respectively. 

Licnild-vaper Partition 

Vapor phase partitioning of a compound in tha soil influences the epz-ead of 

the compound through the soil. Even for chemicals with relatively lov vapor 

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

1974). Those chemicals that have a high vapor pressure may easily move from the 

soil solution into the soil air phase, vhere they can nove throughout the soil 

..u;i 

•• '•' \ 
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and across the eoil surface. The vapor-phase may be taken .up by the plant either 

through roots or by above ground portions of the plant. 

The compartmantalizaticn of the compound between the sell solution and the air 

spaces in the soil is frequently deacribcd by Henry's Law (Jury et al., 1983) with 

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

calculated as: 

Henry's Constant(He) = 16-94P .M 
T S [11] 

where P = vapor pressure of pure solute in mm/Hg, 
H - molecular weight of solute. 

:... .T...".. absolute...temperatur.e.,_.and _ 
S = solubility in water mg/L 

(Thibodeaux, 1979) . Henry's Constant aay be expressed in different units and vary 

by several orders of magnitude depending upon the source of the original data. 

For example, estimated values for vinyl chloride of 2.3 X 10"* to 6.39 at» mVnol 

ara reported by Mac]iay and Shlu (1981) and Goldstein (1982), respectively. 

Ejcperinentally determined He values are considered more reliable than calculated 

values. Henry's Constant, dimensionless, for the priority pollutants is provided 

in Table 1. " 

Comprehensive studies have not been conducted to determine the He above which 

volatilization plays an important role In the transport of a chaaieal in the 

atmosphere. Thus, it is not possible'to select a He above vhich transport In the 

soil will occur primarily in the vapor phase. However, a partition betveen the 

vapor and agueoua phases of greater than 10** is normally sufficient fer a 

chemical to be a good preemargence herbicide (Graham-Bryce, 1984) . Juiry et 

al.,(1984) utilized three volatility categories vlth He values of 2.S x 10*', 2.5 

X 10"' and 2.5 X 10"'. Gillett (1983) utilized values of 10"^ and 6 x 10'* in his 

clacslfication. Thus, the value of 10'* may be a reasonable transition point fer 

determining vhen vapor diffusion becomes Important. This would mean that vapor 

diffusion vould be important for all PCB's and halogenated allphatics and 

unimportant for some of the monocyclic and polyeyellc aromatics and many 

pesticides. Soil sorption^ can significantly reduce ehemical volatilization 

(Fairbanlcs et al., 1987] thus, the arbitrary value of 10** say overeatimate the 

importance of volatilization in high organic carbon soils. Jury et al., (1983) 

used He and K^ to calculate volatilization flux from soil. 

PLAMT UPTAXS Of OJUlMac CBXHICXLS 

Chemical uptake by plants Is a complex process that may involve a compound 

specific active processes, and/or a passive process in which 'the chemical 

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

dominates, a rigorous relationship between plant uptake and the cheaicals 
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physicochemical paraaetere nay not exist, although Eoae general guidelines aay 

be expected. If uptake into the plant is a passive procass, rigorous relationships 

should exist. 

It is generally accepted that there are four main pathways by which a ehaaieal 

in the soil can enter a plant (Topp et al., 1986). These are: 

1. root uptake and subsequent translocation by the transpiration streaa, 

2; vegetative uptake of vapor from the surrounding air, 

3. uptake by extemal contamination of shoots by soil and dust, followed 

by retention In the cuticle or penetration through it, and 

4. uptake^arid transportin oil cells whichare found in oil~eontaining 

plants Ilka ckrrets and cress. 

The amount of ah organic chemical found in a plant vill be the sua total of 

each of these transport routes minus metabolic losses. Their respective importance 

will depend upon tha nature of the organic chemical, the nature of the soil, and 

the environmental conditions vinder vhich plant exposure occurs. Pathways 3 ( 4 

are significant only in specific situations. Thua, for the purpose of describing 

tbe general case of plant uptake,-they can be discounted as major routes of plant 

contamination. Most reported instances of plant uptake of soil-bome organic 

compounds make no attempt te discriminate between pathvays 1 ( 2 . Therefore, the 

relative importance of each pathvay, under different envlroruBental conditions, 

has not been assessed at present. 

Root Optake And TraasloeaticB 

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

herbicide simazina by e-day-old barley plants in solution cultures. The 

experiaents were either 24- or 4B-hour experiments conducted under different 

conditions of humidity, light intensity, temperature, and levels of metabolic 

inhibitors. The relationship between simazine transport and vater uptake was 

described by a transpiration stream concentration factor (TSCF), defined as: 

- _ HtL-girngglrie in shoots peg mL TftttK tganapifff^ 
(<g simazine per aL of extemal solution 

They found that vater vas taken.up preferentially te simazine, because the TSCF 

vas alhrays less than unity, i.e., the concentration of sinazine in the plant 

shoots per B L of vater transpired never reached that in the external solution. 

There vas no evidence ef loss of or breakdown of the parent conpound during tba 

experiment. The concentration of simazine In the plant roots, on a fresh weight 

basis, however, reached a value greater than unity as a result of physical 

sorption of the herbicide te the root tissue. 

Evaluation of other triazines led to the conclusion that plant uptake vaa, in 

general, a pasElve process because TSCF was less than unity, (Shone et al.,1973). 
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Plant uptake of 6 herbicides and a fungicide showed that TSCF vas independent of 

concentration and less than unity for all except 2.4-D at pH 4.0 (Shone and Weed 

1974). In the case of 2.4-D at pH 4.0. plant uptake was aetabolically influenced. 

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

TSCF was less than unity for all chemicals studied. They related the TSCF to the 

octanol/water partition coefficient (X^) for the cheaicals and found a bell 

shaped relationship betveen TSCF and X^, with a broad maxiaua around a X^ of i.a. 

A Gaussin curve (Figtire 5) was fitted to the data such that: 

TSCF - 0.7e4e-l/l°9*« -.,^-'8) /2.44] ^^^^ 

The authors -EUggaated- that at X^ values below 1.8, translocation is-limited by 

the lipid aeabranes In the root. At X^values above 1.8, translocation is limited 

by the rate of transport of the lipophilic cheaical fron the plant root to tha 

top of the plant. All the TSCF values were below unity, suggesting passive 

chemical movement Into"the sheet with thia transpiration streaa. There Was no 

evidence that chemicals were.taken up against a concentration gradient. 

1.0-

u 
IA 

0 . 2 

fIGUSE 5. SZLATIOKSKIV BETVEEM l o g KOW AMD TRAVSPIRATIOK 
STREAK COKCEFTRATIOH FACTOR 

, *n«n.d rroffl a- toa* . r a i. laaa 

Shone and Wood (1974) proposed that the uptake of a cheaical into a plant reot 

could be described by a.root concentration factor (RCP), defined as: 

RCF 
concentration in root.fug/a fresh wt.^ 
concentration in external solution.(Mg/aL) 

Using radiolabelled herbicides in solution culture with barley seedlings, they 

showed that the quantity of the herbicide transported to the plant stens (TSCF) 

could not be inferred frem the concentration in the plant roots (RCF) . In 

addition, although the RCF of soae of the tested herbicides exceeded unity, uptake 

was not affected by temperature. This, suggests the compounds were retained by 

physical sorption rather than biocheaically. 

When barley seedlings vere transferred froa the herbicide amended solution 

culture te a herbicide free aolution, RCF decreased before TSCF was affected by. 
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the change (Shone et al., 1974). Thus lipophilic herbicides appear to penetrate 

the cortical cells ot the root whereas the lipophobic herbicides are largely 

confined to the free cell space in the root. 

Briggs et al.,(l982) found that RCF was related to X_. Starting with a value 

of less than unity for polar compounds, RCF increased with increasing X^. 

Sorption bf chemicals by macerated roots was very closely related to the BCF of 

living roots, fer the more llpophille cheaicalE. In contrast, the RCF of nacaratad 

iDots continued te decrease as the llpophilicity decreased (Figure 6 ) . There was 

a linear relationship between the log concentration faeter of the aaeerated roots 

and log X^: 

logRCF^ii^^,^^^^ = 0.77 logX^-.-..1.52 -̂ - _ _ 113] 

100 -
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Assuming that RCF of living roots could be explained by tvo processes: (ij a 

partitioning of the organic cheaical between the lipophilic iroet tissue and 

Bxternal solution culture and (2) a fraction of root that is aquaeus and equal 

in concentration to e x t e m a l solution phase (constant for all compounds, 0.82). 

Briggs ct al., (1983) suggested that sorption ef ehaaicalB by the root is a 

partitioning deseri±>ed by: .- , > a a^-

logdlCP - 0.82) ;= 0.77 logK„ - 1.52 ,', W ^ r<r fc.'?'!'^*y^''*.'-)'-^' (14] 

They proposed an analogous stem concentration factor (SCF): 

. _ . concentration in stem fuo/g fresh vt.l 
concentration in e x t e m a l solutlen (/ig/aL) 

Macerated stems sorption of organic compounds vas also related to the K^, of tbe 

fl5] logSCF,.^„,^„., = 0.95 logl^ - 2.05 

Aesualng that the contribution of the aqueous phase in the stea vas siailar te 

that in roots (0.82), the partition between the stea and xylea stream is: 

l o g { X , „ ^ „ i . ^ , - 0.82) - 0.95 logX^ - 2.05 tl6] 
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The SCF is then given by the K(„^^,^^) partitien coefficient aultipliad by the 

partition of the extemal solution present in the xylea sap (TSCF): 

SCF = [10'0-«1«>9K^ - 2.05) 

i-0^4^C( 

82]' 

[(0.784)161 

For IS cheaicals (iogX^ froa -0.57 te 3.7), the experimental points fit the 

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

maxiaua (1.8) to where SCF reaches a aaxiaua (4.5) arises because sorption of 

the acre lipophilic compounds by the stea tissue increases faster than the TSCF 

decreases. The predicted decline in SCF for compounds of log K^ > 4.5 vas not 

tested. .- —..-.̂. .-- ^ -•-.. - — - --
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There have baen other atteapts to relate plant uptake and translocation of an 

organic chemical to either the physical or chemical properties of the cheaical. 

Topp et al., (1986) repoztad the relationship: 

logRCF "0.63 logK^ - 0.959 [18] 

following their eicposure of barley seedlings for 7-dayB te various chemicals in 

water culture. 

The concentration factor (CF) concept is a useful vay ef daseribing the 

relative concentration of an organic cheaical in a particular plant part. It has 

many limitations, however. These arise because the concentration ef organic 

cheaicals, both vithin the soil or nutrient solution and vithin the plant part 

do not remain constant vlth tiae. Cheaicals in the soil, er in nutrient solution, 

may be depleted by plant uptake or degradation; cheaicals in a plant aay also be 

reduced vith time by degradation vithin the plant, or by increases in plant mass 

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

been reported, Figure 8 (Topp et al., 1986). Different CF's arise depending upon 

the tiaing of the actual sampling. Further it seeas logical that the CF vould 

depend upon soil concentration, initial vs soil concentration at tiae of plant 
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sampling. Further research on this topic Is needed to define the effect of tiae 

of sampling (both plant and soil) on CF's so different experiments can be 

compared. 
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Tbe vork ef shone, Briggs, and their co-vorkers reported above vas carried out 

in nutrient solution cultures vhere sorption and desorption effects of soil 

organic natter vere absent. The application of their results to plant uptake from 

field coils requires that soil sorption be considered. The effect of soil sorption 

on soil solution concentration can be matheaatically described using the folloving 

relationship: 

«c^ = «c, + ec^ [19] 
where Cf is -the total organic chemical concentration in tha soil (Mg/g), S is the 

soil bulk density (g/ca'), C^'is the adsorbed cheaical concentration (M9/9) > 6 is 

the soil-vater content by voluae (mVcm^) , and C^ is the cheaical concentration 

in the soil-water phase (pg/aL). Using the linear equilibriua relationship in 

Equation 3 and 4 allovs Equation 19 to be revrltten in terms of c^ such that: 

C ^ _ _ S 

It is nov possible to combine equations relating soil sorption and soil 

solution concentration and calculate RCF, T E C F , and SCF for different cheaicals 

sn a total soil concentration basis. Substituting Equation 20 inte Equation 17 

vhere C^ is the extemal solution and: 

SCF, 
concentration in stem 

cjoiij concentration in soil 

^ 

gives: 
/ 

SCF (BID 'K^cc + 8 

[(0.784)10 

jj^p(0.95logX, - 2.05)^ o_32j, 

-0.434[(logK^ - 1.78) ^2.44] 

'f'̂ V̂ ''' 
[21] 

1) 

.1 For nutrient solutions this equation reduces to Eg [17] vhen f^ = 0 , S • 1, 

and S m X. Inclusion of soil sorption into the SCF froa Briggs et al.,(l983) 
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alters the relationship between SCF and log X^ such that the log K^ vhere plant 

adsorption is a aaxiaua decreases froa 4.5 for nutrient solution to i for soils. 

(Figure 9) . The decrease in SCF for ehaaleals vith log X^ greater than 1 is 

sTjpported by tha published literature on plant uptake in soil systeas (Travis and 

Aras, 1988). 

SCr(solution) 

b. 
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riGDRE 5 XFFECT OF SOIL QV THE SELATIOKSHIP BETVEEJi 
log Kov AKD STEB COUCEUTBATIOK FACTOR 

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

(Figure lo).Differences in tha plant uptake of an organic ehemical in soils vlth 

different organic carbon contents has been shovn eicperiaentally. Lichtenstein et 

al., (1967) for example, showed higher concentrations of the pesticide aldrin in 

roots of peas vhen grovn in aldrin- polluted quartz sand compared to a loam soil 

containing approxiaataly the same total concentration of the pollutant. 
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It is also apparent froa Equation 21 that increases in soil water content 

reduce SCF (Figure 11). Hovevar, for a soil vith a f^ ef 0.0075 (1.25* erganic 

aatter), changes in soil wster content over the range 0.1 to 0.5 •al./ca? altered 

SCF less than 10* for cheaicals with a x^ greater than Z.S. The fraction in 

solution, (BĈ /Cy, inereases as soil vater content increases even though the 

organic cheaical concentration (Ĉ ) in the soil solution-phase decreases. 
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Therefore, if plant transpiration were increased by increasing soil water content, 

plant concentration could be increased. walker, (1971) feund that the 

phytotoxieitles of the pesticides atrazine, siaazine, linuron, lenacll, and 

aziprotryne were increased as the moisture content ef the soil increased. He 

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

accumulated by the plants, with the degree of accumulation being directly 

proportional to water uptake. 
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In conclusion, assuming degradation ef the organic cheaical does not occur 

vithin the plant, and plant root uptake and translocation of organic chemicals 

(roa the sell is passive, plant uptake can be described as a series of consecutive 

partitions reactions. Partitioning occurs between soil solids and soil watar. sell 

vater and plant roots, plant roots and transpiration streaa. and transpiration 

streaa and plant stea. This partitioning can be related to the X^ ef organic 

coapounds such that pollutants with high log Kg, values, (eg. TCDD (6.14), pcB's 

(i.12-6.11). some of the phthalate esters (above 5.2) and the polycyclic areaatic 

hydrocarbons (4.07-7.66)) are most likely to be sorbed by the soil and/or plant 

root. Chemicals with, lower X^ values are likely to be translocated vithin the 

plant and aay reach significant concentrations within the above ground portions 

af the plant. 

T»per Phaae gptake 

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

the root and/or shoot may be an important route of cheaical entry into plants 

(Parker, 1966, and PrendeviHe, 1968). Tvo processes precede the penetration of 

cheaicals in the sell into plant tissue via the air: 1) volatilization ef the 

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

volatilization depends upon the vapor pressure of the compound which varies 

according to ambient tenperatures, water solubility of the compound, and sorption 

capacity and physical properties of the soil. 
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Increasing the soil-water content of a soil will increase the potential for 

volatilization loss of ' a cheaical (Cuenzi and Beard, 1970). Harris and 

Lichtenstein (1961) showed that the rate of volatilization of aldrin froa soli 

increased vith aldrin concentration, soil moisture, relative h'uaidity, teaperature 

and the rate of air aoveaant. Cheaical concentration effects cease when the 

concentration reaches that required to give a maxiaua saturation vapor density 

equivalent to that of the pure compound. For dieldrin in a Gila silt loaa soil 

this concentration was 25 ppa (Farmer et al.. 1972). These authors also report 

that under siailar environaental conditions the rate of volatilization vas lindane 

> dieldrin > DDT, which is the same order for increasing vapor pressures. Jury 

et al., (1983 and 1984) developed a behavior assessment model that separates 

compounds into volatilization categories based en Hanzy's cons'tants. 

There have beieh few" InvestigationB aiaed at separating root uptake and 

translocation of a bheaical froa vapor phase uptake into plant shoots. In an 

experiment designed to discriminate these effects, Beall and Nash (1971) found 

soybean shoots vere contaminated by soil applied dieldrin, endrin and heptachlor 

largely via root uptake and subsequent translocation, vapor phase foliar sorption 

however dominated'for DDT and was nearly 7 times greater 'than root sosrption and 

translocation. Foliar contaaination froa vapgr sorption ef residues froa all four 

insecticides was siailar (about 6.3 ppa plant dry weight), whereas contaaination 

froa root sorption and translocation varied froa 38 ppa to 1 ppa depending upon 

the compound. 

Using siailar experlaental techniques. Fries and Marrow (1981) found that PCBs 

reached the shoots ef plants via the vapor phase ra'ther than froa root uptake, 

although the importance of this route for PCB contaaination of plants remains 

inconclusive. 

Topp et al., (1986) Investigated the uptake of 16 organic cheaicals by barley 

seedlings. Foliar Uptake.was related to the aaount of cheaical volatilized {roa 

the soil surfaee.. The relationship (Figure 12) after 7 days eicposure was: 

FU - 46.11 •¥ 28.95 leg VOL [22] 

vhere FO was foliar uptake as percent of total '*C uptake, and VOL vas 'the organic 

*̂C trapped from tha air plus that subllaated en the walls of the eicposure chaaber 

as percent of the total '*C applied (Mote that in the original publication the 

sign in front of log Voi is negative, this is assuaed to be a typographical 

error). Four coapounds (benzene, pentachlorophenol, diethylhexylphthalata, and 

the phenylenediaaine pigment) did not fit the calculated line because they vere 

nonpersistent and taken up after aineralization te 'cOj. 

There are aany difficulties in extrapolating vapor phase upta)ce in the 

labor; 
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: organic 

1 chaaber 

tion the 

raphleal 

ate, and 

hey were 

in the 

laboratory to that in the field. Overall, volatilization rates ara likely to be 

higher in the laboratory than in the field. This is because laboratory EOIIB are 

normally kept moist te encourage plant grovth, and this encourages 

volatilization, in addition, the actual deposition of volatilized chemicals onto 

a plant in the field is likely te be lower as atmospberie turbulence aay be 

higher. 
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2 

The importance of plant uptake of organic cheaicals via volatilization under 

field conditions, remains to be detemined. However, it appears potentially 

eignifleant for compounds with He greater than 10"^. The impact could be estiaated 

hy calculating cuaulative volatilization losses over the growing period and 

assuaing that all of it ends up in the plant. The modal of Jury at al., 1983 could 

ba utilized for this purpose. 

i i m J s a i r "•" . .""•."'.., 
The final variable affecting plant uptake of seil-beime erganic pellutzutts is 

the plant species itself. There has been no systematic exaainatien ef plant 

responses to organic cheaicals in soil, although it does appear that, as vith 

plant uptake of soil-betria heavy metals, there is variation in uptaka both between 

species and within the saiDe,species on an individual level (Chaney, 1985; and 

NcNeilly, 1978). For example: Harris and Sans (1967) found that sugar beat roots 

accuBulated acre dieldrin froa a clay sell that containad dieldrin, than did 

carrots, potatoes, sugar beet tops, com, oats, and alfalfa. Lichtenstein and 

Shulz (1965) on the other hand, report that carrots usually take up mora 

organochlorine insecticides than do other root crops such as potatoes, radish, 

turnip, and beet. This apparent contradiction can be resolved by consideration 

of varietal differences vhich can be »s. auch as aoot vhen different carrot 

varieties are grovn in soil containing endrin (Heraanson et al., 1970). 

coHCLnBZoirs 

In solution culture, the movement of nonionic organic compaunds into roots is 

a passive process, equivalent te a partitioning between the liquid and solid 

!^>; 

'•'h 
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phase, and can be related to the octanol vater partition coefficient of the 

compound. Subsequent translocation of the cheaical froo roots to shoots depends 

on the K,̂  ef the compound and the transpiration rate of the plant. Based en 

available data, eompbunds vlth a log X_ of approximately 4.5 are aost likely to 

aceuBulate in the stea and leaf tissue of plants. 

In soil systeas, there is competition betveen the plant and sell solids 

(organic fraction) for the partitioning of organics froa solution. As the sorption 

of the eeapeund by the soil organic phase increases, the quantity available for 

plant uptaka decreases. Based upon these considerations compounds vith log X 

of 1 -2 are meet likely to have significant transport of the cheaical to above 

greund plant tissue produced in soil systeas. If metabolisa ef the coapotind in 

the roots is sigriif leant; even coapounds vith low log X^'s aay net be 

translocated (McFarlen et al.. 1987). Coapounds vlth high log X„ > 5.0 vould not 

be expected to be present in above ground plant tissue if plant uptake is limited 

by sell solutlen. 

The potential for .root or plant sorption of organic coapounds froa vapor la 

dependent upon the vapor pressure of the coapeund. very few esqperiaeata en this 

route of plant contaaination have been conducted. Based upon the aoveaant ef 

herbicides in the soil, a Henry's constant of 10** aay be used as a transition 

point betveen prlaary aovement in solution and vapor phases. If it can be assuaed 

that vapor aoveaent in the soil vill result in vapor uptaka by the plant, then 

those coapeunds vith He >10'* are potential candidates for vapor phase uptake. 

TABU: 
plant 

Superlaposed upon both of these processes is the half-life of the compound. 

If it is short, i.e., less than 10 days, the cheaical is likely lost froa the 

systea before it can be taken up by the plant. Those coapeunds vith long half 

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

plant, prasist lpi>g enough ,te lapact plants. 

Applying these screanitig processes to the priority pollutants, listed in Table 

1, reduces the number of cheaicals likely takan up by plants. Fer example, if 

plant uptake and translocation vithout vaporization is the pathway of eencem, 

the list ef 107 cheaicals is reduced to SO en the basis of half-life and X„, 

(Table 2). If vaporizatibri is of eencem the list is reduced froa 107 te 64 en 

the basis of half-life and He, (Table 3). 
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TABLE 2 Log X , Half-life and Re for Priority Pollutants vhich are sub-Ject to 
plant uptake froa soil 
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TABLE 3. Log X̂ y, Half-life and He fer the Priority Pollutants vhich are subject 
to plant uptake via volatilization 
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Clearly, plant uptake^ of soil borne organic pollutants is a coaplax phanomana. 

Here vork is needed before tbe potential environaental lapact of organic 

pollutants can be adequately assessed and actions designed to linit such impacts. 
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