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SUMMARY

The fate of a substance is governed by the distribution of the substance between soil, water, air,
and biota, and the concentration of the substance and its altered forms existing over time in these
media.

As vegetable food forms a major part of the diet of human beings, and also of cattle, the contami-
nation of plants will have a large influence on the total daily intake of a substance.

In this report the application of soil-plant transfer factors is investigated. The main goal was to find
sufficient experimental data in the available literature, if possible adjusted for differences in
experimental design, which could be used to evaluate the currently applied method in the Uniform
System for the Evaluation of Substances (USES). In this method, concentrations in root and stem of
the plant are estimated on the basis of an empirical relationship with the octanol-water partitioning

coefficient.

it was concluded that the root concentration factor as applied in USES is an appropriate instrument
for the estimation of residues in roots, whereas the application of the stem concentration factor is
insufficient for the purpose set in USES. Consequently for above-ground plant parts other
approaches need to be explored which can be applied in the general risk assessment of sub-

stances.
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SAMENVATTING

Het lot van een stof wordt bepaald door de verdeling van de stof over bodem, water, lucht en biota,
en de concentratie van de stof en zijn afgeleide producten in deze media.

Omdat zowel het menselijke dieet als dat van vee voor een belangrijk deel bestaat uit plantaardig
voedsel, zal de verontreiniging van planten van grote invioed zijn op de totale dagelijkse inname van
een stof.

In dit rapport is de toepassing van bodem-plant overdrachtsfactoren onderzocht. Hoofddoel was het
vinden van voldoende experimentele gegevens op dit terrein, indien mogelijk gecorrigeerd voor
verschillen in proefopzet, om de methode die nu in het Uniform Beoordelingssysteem Stoffen
(USES) wordt toegepast, te evalueleren. Deze methode maakt een schatting van de concentraties in
de wortel en stengel van de plant op basis van een empirische relatie met de octanol-water

partitiecoéfficiént.

De wortel concentratiefactor zoals die in USES wordt gebruikt, is een toereikend instrument voor het
schatten van residuen in wortels, terwijl de toepassing van de stengel concentratiefactor niet
voldoende geschikt is voor de doelstellingen van USES. Bijgevolg dienen voor de bovengrondse
plantedelen andere methoden te worden onderzocht voor de toepassing in de algemene

risicoschatting van stoffen.



1. INTRODUCTION

The fate of a substance is governed by the distribution of the substance between environmental
media such as soil, water, air, and biota, and the concentration of the substance and its altered
forms existing over time in these media. A substance may be taken up from soil by plants, then
passed up the food chain via herbivores, omnivores, and carnivores, and, finally, to man. Such a
food chain can be modeiled as in the Uniform System for the Evaluaton of Substances, USES
(RIVM et al., 1994; Vermeire et al., 1994; Jager et al., 1994) (Figure 1).

®
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Figure 1. Exposure pathways in USES

USES was developed as a decision-support system to be applied by the government departments
and institutes, by industry and institutes in the private sector and by international fora. USES is a
tool that can be used for the rapid, quantitative assessment of the hazards and risks of organic sub-
stances, including new chemical substances, existing chemical substances, agricultural pesticides

and biocides, to man and the environment. USES links emission quantities to concentrations in air,
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water and soil at a local and a regional scale. Based on these environmental concentrations, levels

in crops, meat and milk are estimated by applying transfer factors. These are combined with levels

in other human intake media and dietary factors to an estimate of the total daily intake.

Consumption of plants or plant products like vegetables, fruit and grains forms a major part of the
food consumption of human beings, but also of the feed consumption of cattle. Contamination of
plants therefore, will have a large influence on the total daily intake of a substance. When trying to
predict concentrations in plant tissues, one will be confronted with several problems related to the
variety of plant species, and the inhomogeneity in this group with regard to physiology, rooting
depth, leaf area, growth périod, and so on. Only a very rough approximation of concentrations in

food crops seems feasible.

Plants can be exposed to contaminants in different ways (Topp et al., 1986):

- active or passive uptake by the roots and possibly subsequent transport by the transpiration
stream;

- wet and/or dry deposition on the above ground parts and possibly absorption and translocation
over the cuticula;

- uptake of vapours into the leaf through the stomata or the leaf surface;

- uptake and transport in oil cells which are found in oil containing plants like carrots and cress.

The transfer factors describing the transfer of organics from soil to plants are the subject of
investigation in this report. Modelling the transfer of organic substances from air to plants has been
the subject of another study within the framework of the USES-project (Hulzebos, 1994) and will not

be discussed here.

Many processes play a role in the uptake of substances in plants from the soil. In general, this
uptake is a passive process (Shone et al., 1973) governed by the transpiration stream of the plant,
in case of accumulation in leaves, or physical sorption, in case of roots. The few methods available
for the estimation of this transfer have been compared by De Nijs and Vermeire (1990). They
concluded that the model of Briggs et al. (1982, 1983) offered the most appropriate description. In
this method, concentrations in root and stem of the plant are estimated on the basis of an empirical
relationship with the octanol-water partitioning coefficient. It was recognized though, that the
relations derived are based on experiments with barley only and used a relatively small range of

non-ionised substances (RIVM et al., 1994).

The main assumptions of De Nijs and Vermeire (1990) for the route of organics from soil to plant

were;



1. With regard to the fate of substances in soil:

- organic compounds are primarily sorbed by the organic fraction of the soil.

- the concentration in the soil pore water is determined by the partitioning between solids and
soil solution and the uptake of substances in plants from soil is dependent on the concentra-
tion in the soil pore water.

2. With regard to uptake processes:

Plant uptake from soil can be described by concentration factors such as the ratio of the

concentration in the plant (mg/kg fresh weight) and the concentration in the external solution

(mg/l). The use of fixed concentration factors assumes that a steady state between plant and

*
external solution occurs.

In this report the application of soil-plant transfer factors is further investigated. The main goal was
to find sufficient experimental data in this area, if possible adjusted for differences in experimental
design, which could be used to evaluate the currently applied method in USES (i.e. the concentra-

tion factors of Briggs et al., 1982, 1983) or to adapt it.






2. METHODOLOGY

Predictions of concentration factors for plants are calculated according to the model of Briggs and
coworkers (1982, 1983), as described in subsection 2.1. Literature on accumulation experiments
with plants is collected and selected according to the criteria, given in subsection 2.2. The adapta-
tions of the selected data that are necessary to make the comparison with the model predictions

possible, are described in subsection 2.3.

2.1. Model concentration faetors

Concentration factors for root (RCF), transpiration stream (TSCF) and stem (SCF) are calculated
according to the empirically derived models of Briggs et al. (1982, 1983).
Shone & Wood (1974) defined the RCF for the uptake and sorption of a chemical by plant roots as:

concentration in root [mg/kg ww]
RCF [I/kg root ww] =

concentration in external solution [mg/]

with the concentration in root expressed in tissue wet weight (ww). Briggs et al. (1982) related
experimental RCF values with the log K, values of the tested substances according to the following

equitation:

I0g(RCF g, - 0.82) = 0.77 log(K,,) - 1.52

Briggs

The TSCF according to Shone & Wood (1974) is defined as:

concentration in transpired water [mg/I]
TSCF [] =

concentration in external solution [mg/I]
and is related by Briggs et al. (1982) with the log K, values of the tested substances as:

- [(log(K,,,) - 1.78)? /2.44]

TSCF =0.748 e

Briggs

Briggs et al. (1983) defined the SCF,, which is the stem/external solution partition coefficient and

lig?

the SCF, being the stem/xillem sap partition coefficient:

concentration in stem [mg/kg ww]
SCF

iq VKg stem ww] =

concentration in external solution {mg/|]



and

concentration in stem [mg/kg ww]
SCF

[I’kg stem ww] =

tss

concentration in transpired water [mg/l]

The SCF,  can be calculated from the SCF,.. and TSCF as follows:

lig tss

[0.95l0g(K,,) - 2.05] - [(log(K,,) - 1.78)? /2.44]

SCF,, . TSCFg, . = (0.82 + 10 ) . (0.748e )

tss Briggs

2.2. Data selection

Literature on experimental concentration factors for plants is collected from local databases at the
RIVM and by on-line research in BIOSIS. The search profile is given in Annex 1. Laboratory studies
with plants grown in soil and nutrient medium as well as field studies are included.

Data selection is carried out according to the following criteria:

- The Henry coefficient (dimensionless) of the tested substance is < 3.10% to limit errors on
concentration factors due to decreasing exposure concentrations in soil caused by volatilization.

- The % organic matter (o.m.) of the test soil is between 0 and 30, in view of the fact that the linear
relation between organic fraction and the adsorption on soil does not hold with larger organic
fractions.

- At least the initial nominal concentration in the soil is reported.

- Calculated concentrations in soil pore water (see 2.3.) and concentrations in nutrient medium are
not above the water solubility.

- Calculated concentrations in the soil pore water lower than 0.00005 mg/l are excluded as these
concentrations are considered insignificant, and because calculation errors are expected to
become relative large compared to the values calculated. The value of 0.00005 mg/l is chosen
arbitrarily.

- If it is obvious from the literature that the residues found in shoots are caused mainly by foliar
uptake from the air, the shoot concentration factor is not included.

Data on log K,,, water solubility and Henry coefficient of the substances regarded are collected from

Mackay et al. (1992), the MEDCHEM database, Howard (1989, 1991) and the Agrochemicals

Handbook (1994). _

Experimental K, values are.collected for the substances tested in soil (see 2.3). From Mackay et al.

(1992) the soil, HPLC-determined values are selected, and if such value is not available, the values

recommended by Bockting et al. (1993) are chosen. If not present in these public sources, values

are obtained from confidential RIVM databases.



The following choices are made:

- When it is not reported whether a concentration is expressed in wet or dry weight, for plants wet
weight (ww) and for soil dry weight (dw) is assumed, being the most common way of expression.

- The concentration factors from studies with radio-active labeled test compounds are based on

total "*C content of the plant tissue. So, metabolites formed in the plant tissue are included.

2.3. Data handling

When the exposure concentrations have been analysed, the geometric mean of the sample results
at the end of the test and tHe initial (nominal) concentration is used for further calculations.
Concentrations in soil are recalculated to concentrations in the soil pore water according to the
approach applied in USES (RIVM et al., 1994):

Ctot,,, . RHO

soil soil

Cpore water,; =
Fwater,; + Fsolid Kp..i - RHO

soil " solid

with:

3
water ]

Cpore water, : concentration in the pore water of the soil [kgye/M

soil

Ctot,; : total concentration in soil [Kgem/KGwer soil
RHO; : bulk density of the SOl [KGye; soi Mwer soi ]
Fwater,,, : volume fraction of water in soil [m*/m?]
Fsolid,,, : volume fraction of solids in soil [m%m?]
KPsoi : solids-water partition coefficient [m®,, ./KQqyice]
RHO, 4 : density of the solid phase in the soil [Kgqyu/Muer soi)
The Kp,; is calculated as:

Foc - Ky, a. Focg; . K,
Kpgy= ==mmmmmmmeemeeeee- or

1000 1000

with:
Kb : solids-water partition coefficient [m®, ,./KG.yue]
Foc,,; : weight fraction organic carbon [kg,/kg.dl
Koe : organic carbon-water partition coefficient [l,4,/KGssial
a : 0.411 as given by Karickhoff (1981)
Kow : octanol-water partition coefficient

If no experimental K, is found, the K, is replaced by: a . K,, (see Annex 3). For RHO,_, and
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RHO,,,, values of 1400 kg/m® and 2500 kg/m® respectively are assumed (Koorevaar et al., 1983); for

both Fwater,, and Fsolid,,, 0.4 is used (default values in USES (RIVM et al., 1994)) unless these

soil?

data have been reported.

Residues expressed in plant dry weight are recalculated to wet weight with the assumption of 15%
plant dry weight.

As many authors have reported residues in whole shoots, we have compared the SCF,,, which is
the concentration factor for stems, with the experimental SCF for above ground plant parts (stem
and leaves). When concentrations in leaves, stem and grow tip are given, the mean of these values
is used to calculate the SC‘F. Whole plant concentration factors are included in this report, but are
not used in any further action.

For all compounds the mean RCF, TSCF and SCF are calculated based on all exposure concentra-

tions and plant species.



3. RESULTS

3.1. General remarks

An overview of all evaluated studies with relevant data is presented in Annex 2. Data on the
physico-chemical properties of the tested substances are given in Annex 3. Latin names of the
tested plant species, and the calculations of the concentrations in the soil pore water are given in
Annex 4 and 5, respectively.

For mirex no reliable data ,on the water solubility have been found. The results from exposure to
mirex up to 8.7 g/l calculated soil pore water are included. When the calculated concentrations of
mirex in soil pore water raise above 8.7 ug/l, concentration factors in plants decrease proportionally,

which indicates that these higher concentrations may not be reached in the soil pore water.

3.2. Root concentration factor

Mean experimental data selected from the literature are summarized in Table 1, the comparison with
the calculated RCFs according to Briggs et al. (1982) is shown in Figure 2.
Most of the 27 compounds involved are deviating less than a factor 5 from the model prediction.

More than 5 times lower than the RCF are the mean RCFs of endrin, ethirimol, mirex,

Briggs
phenanthrene, tetrachloroazobenzene and TCDD. These compounds have a log Kow > 4.32. The
mean RCFs of 2,4-dichlorophenol and pentachlorophenol are more than 5 times higher than the
RCF
From the pesticides regarded, 12 out of 17 experimental RCFs are lower than the model values; the

RCFs for the 5 PAHs involved are all below the RCF

Briggs®

Briggs®
The mean RCF of Aroclor 1248 (O’'Connor et al, 1990) is based on residues in root peel only;

residues in root core were below the detection limit of 20 pg/kg, indicating a mean concentration
factor of below 110. DDT residues in potato and carrot roots as well as endrin levels in sugar beet
and potatoe roots were below the detection limit, which was not reported (Harris & Sans, 1969).

These data are not included in Table 1 and Figure 2.

3.3. Transpiration stream concentration factor

Table 2 and Figure 3 show the mean TSCF values found in the literature, and the comparison of
these values with the model of Briggs et al. (1982). Three studies with TSCFs are available, all
performed with plants exposed via nutrient medium. TSCF values more than 5 times below the
TSCFg, are not found. More than 5 times higher are the experimental TSCFs of three of the
oxabicycloalkanes: SD204328, SD204690 and SD208586, all with log Kow > 4.2,
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TABLE 1. Experimental data on root concentration factors.

compound log plant ref' mean expos. conc mean RCF
Kow species in ug/! (S.D., n)? (S.D., ny?
acenaphthene/fluorene 3.92  carrot 1 0.14 (0.072 n=4) 23 (8.3 n=4)

Aroclor 1248 6.3 carrot 2 0.38 (0.33 n=4)
atratone 2.69 barley 3 100
atrazine 2.7? barley 3 100
benfluralin 529  carrot 4 1.1 (0.35 n=2)
bromacil 2.11 soybean 5 58000
carbofuran 2.32 garden bean 6 100
2,4-D 2.81 barley 3 200
DOT 6.91 sugar beet 7 3.8 (6.3 n=2)
ryegrass 8
2,4-dichlorophenol 3.06 soybean 9 110 (7.1 n=2)
oat 9
dieldrin 4.32  potatoe 7 21 (25 n=3)
carrot 7
sugar beet 7
ryegrass 8
diuron 2.68 barley 3 200
endrin 4.32  carrot 7 0.82
ethirimol 4.39  barley 3 200
ethofumesate 216  sugarbeet 10 160
fluoranthene 5.22  carrot 1 0.066 (0.011 n=4)
haloxyfop 4.63 soybean 11 -
red fescue 11
tall fescue 11
lindane 3.61 ryegrass 8 19
mirex 528 garden bean 12 3.8 (4.3 n=3)
soybean 12
sorghum 12
wheat 12

naphthalene 3.37  carrot 1 0.37 (0.35 n=5)

1500 (1400 n=4)
1.3

1.9

230 (57 n=2)

6

1.3

8.1

4100 (5000 n=2)

130 (5.5 n=2)

43 (90 n=6)

3.1

12

0.66

8.3

65 (40 n=4)
50 (47 n=3)

17
30 (11 n=12)

5.8 (3.9 n=5)




(TABLE 1. continued)
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compound log ptant ref' mean expos. conc mean RCF
Kow species in ug/l (S.D., n)? (8.D.,, n)?
nitrobenzene 1.85  soybean 13 8000 1.2 (0.45 n=8)
barley 13
lettuce 13
russian olive 13
' autumn olive 13
green ash 13
hybrid poplar 13
honeysuckle 13
pentachlorophenoi 5.24  soybean 14 12 (2.6 n=2) 2700 (1700 n=2)
spinach 14
phenanthrene 457  carrot 1 0.14 (0.053 n=7) 11 (7.6 n=7)
pyrene 5.18  carrot 1 0.069 (0.017 n=4) 77 (43 n=4)
simazine 2.18  barley 3 200 4.5
TCDD 6.8 soybean 15  0.15 (0.033 n=2) 780 (180 n=2)
maize 15
tetrachloro- 6.46  carrot 16 0.39 490 (660 n=2)

azobenzene

' List of authors, mentioned in Table 1, 2 or 3:

1

1

2
3
4
5
6
7
8
9
0

Wild & Jones, 1992
O’Connor et al., 1990
Shone & Wood, 1974
Businelli et al., 1975
Boersma et al., 1991
Trapp et al., 1991
Harris & Sans, 1969
Voerman et al., 1975
Isensee & Jones, 1971
Eshel et al., 1978

11 Aguero-Alvarado et al., 1991

12 De la Cruz et al., 1975
13 McFarlane et al., 1990
14 Casterline et al., 1985
15 McCrady et al., 1990
16 Worobey, 1988

17 Hsu et al., 1990

18 Pylypiw et al., 1993

19 Tafuri et al., 1977

20 Beall & Nash, 1971

2 S.D.: standard deviation; n: number of measurements
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— Briggs
=+ soil lab
RCF ® soil field
10.000 —
X nut med
1.000
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FIGURE 2. RCF: Comparison of the model of Briggs et al. (1982) and mean experimental values.
(Briggs: RCF calculated according to Briggs et al. (1982); soil lab: RCF from laboratory experiment(s), exposure via soil pore
water; soil field: RCF from field experiment(s), exposure via soil pore water; nut med: experimental RCF, exposure via nutrient

medium.)



TABLE 2. Experimental data on transpiration stream concentration factors.

13-

compound log plant ref' mean expos. conc mean TSCF
Kow species in ug/! (S.D., n)? (S.D., n)?

atratone 2.69  barley 3 100 0.78
atrazine 2.75  barley 3 100 0.75
cinmethylin (SD95481) 4.62  soybean 17 - 0.08
2,4-D 2.8] barley 3 200 0.14
diuron 268 barley 3 200 0.81
ethirimol 439 Dbarley 3 200 0.09
nitrobenzene 1.85  soybean 13 8000 0.74 (0.067 n=8)

barley 13

lettuce 13

russian olive 13

autumn olive 13

green ash 13

hybrid poplar 13

honeysuckle 13
SD96638 4.1 soybean 17 - 0.35
SD98319 2.73  soybean 17 - 0.58
SD204328 459  soybean 17 - 0.5
SD204689 3.68  soybean 17 - 0.47
SD204690 4.2 soybean 17 - 0.52
SD204691 3.53 soybean 17 - 0.72
SD205857 3.55  soybean 17 - 0.51
SD207573 0.96  soybean 17 - 0.22
SD208213 2.52  soybean 17 - 0.55
SD208380 1.82 soybean 17 - 0.24
SD208586 5.29  soybean 17 - 0.19
simazine 2.18 barley 3 200 0.9

' See legenda to Table 1.

2 8.D.: standard deviation; n: number of measurements
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~ Briggs
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FIGURE 3. TSCF: Comparison of the model of Briggs et al. (1982) and mean experimental values.

(Briggs: TSCF calculated according to Briggs et al. {(1982); nut med: experimental TSCF, exposure via nutrient medium.)

3.4. Shoot concentration factor

Mean concentration factors for whole shoots are given in Table 3, and are compared to the model
values of Briggs et al. (1983) in Figure 4. For 9 of the 16 substances involved, the mean SCF
values deviate more than a factor 5 of the SCFy,.
More than 5 times lower than the mode! prediction are the SCFs found for atrazine, metolachlor,
alachlor and lindane. The SCFs of DDT, ethofumesate, pentachlorophenol and
tetrachloroazobenzene (510, 74, 620, and 77, respectively) are more than 50 times higher. They are
excluded from Figure 4, because otherwise the values more close to the model become invisible.
The SCF of bromacil is 13 times higher than could be expected from the model of Briggs et al.
(1983).

Residues of Arocior 1248 in shoots were below the detection limit of 20 ug/kg (O’'Connor et al.,
1990), which would give a hean SCF of lower than 110. The levels of benfluralin in carrot foliage
were below the detection limit of 5 ug/kg (Businelli et al., 1975), so a mean SCF should be below 5.
Endrin levels in alfalfa, oat and sugar beet (Harris & Sans, 1969) were also below the detection limit,

which was not reported. These data are not included in Table 3 and Figure 4.
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TABLE 3. Experimental data on shoot concentration factors.

compound log plant ref' mean expos. conc mean SCF
Kow species in ug/l (S.D., n)® (8.D., ny?
alachlor 3.52 com 18 110 0.42
atrazine 275 com 18 380 0.084
bromacil 2.11 soybean 5 58000 16 (7.8 n=2)
carbofuran 232 gardenbean 6 100 1.6
chlordane 5.54  alfalfa 19 1.6 (1 n=2) 7.8 (5.3 n=2)
DDT 6.91 alfalfa 7 4.1 (4.7 n=4) 510 (550 n=8)
oat 7
corn 7
sugar beet 7
ryegrass 8
soybean 20
2,4-dichlorophenol 3.06 soybean 9 110 (7.1 n=2) 1.4 (1.7 n=2)
oat 9
dieldrin 4.32  alfalfa 7 130 (210 n=4) 3.0 (1.3 n=7)
oat 7
corn 7
sugar beet 7
ryegrass 8
soybean 20
endrin 432  soybean 20 110 (150 n=2) 20 (11 n=2)
corn 7
ethofumesate 216  sugarbeet 10 160 74
haloxyfop 4.63  soybean 11 - 6.6 (3.4 n=3)
red fescue 11 -
tall fescue 11 -
lindane 3.61 ryegrass 8 19 0.79
metolachlor 3.13 comn 18 600 0.046
mirex 528 gardenbean 12 3.8 (4.3 n=3) 13 (8.6 n=12)
’ soybean 12
sorghum 12
wheat 12
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(TABLE 3, continued)

compound log plant ref'  expos. conc mean SCF
Kow species in ug/l (S.D., n)? (S.D., n)?
pentachlorophenol 524  soybean 14 12 (2.6 n=2) 620 (55 n=2)
spinach 14
tetrachloroazobenzene 6.46  carrot 16 0.39 77

! See legenda to Table 1.

2 S.D.: standard deviation; n: number of measurements

= Briggs
+ soil lab
20 SCF < | soil field
T X soil comb
X nut med
X
15—
_+_
10—

FIGURE 4. SCF: Comparison of the model of Briggs et al. (1983) and mean experimental values.
(Briggs: SCF calculated by Briggs et al. {1983); soil lab: SCF from laboratory experiment(s), exposure via soil pore water; soif
field: SCF from field experiment(s), exposure via soil pore water; soil comb: SCF from laboratory and field experiments,

exposure via soil pore water; nut med: experimental SCF, exposure via nutrient medium.)
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4. DISCUSSION

4.1. General remarks

Briggs et al. (1982, 1983) derived the relations between log K., and plant concentration factors from
experiments using young soybean plants grown in nutrient medium for compounds with log K,
values in the range of -0.57 to 3.7. The experimental data set collected in this report, contains data
on compounds with a log K,, between 0.96 and 6.91 and a variety of plant species at different
growth stages. A huge divgrsity of exposure methods and duration was also observed. Variation in
extraction methods for plant and soil samples will have influenced the comparison between the data.
From studies with radio-labeled substances the concentrations of the substance and metabolites
were used for the calculation of the concentration factors. Metabolites formed in soil or in plants may
have higher water solubilities and therefore move upwards more than expected on the basis of the
log K., value of the parent compound. For example, the formation and translocation of metabolites
may have caused the high SCF value of radio-labeled ethofumesate (Eshel et al., 1978).
Biodegradation of the tested compound in the soil can lead to an underestimation of the concentra-
tion factors in studies where soil concentrations were not analysed.

The uptake and transport will be influenced for substances (mainly pesticides, e.g. ethirimol, 2,4-D
with pKa values close to the pH of the soil, nutrient solution or xylem fluid (Shone & Wood, 1974).
These substances will partly be dissociated and therefore may be translocated more easily. For this
type of compounds a direct relation between log K, (at a certain pH) and concentration factors in
root and stem is not clear.

Several sources of uncertainty have been introduced by calculating the concentration in soil pore
water from the concentration in soil. For RHO, a value of 1400 kg/m® was assumed, where this
parameter may vary substantially in different soil types, probably from 800 to 3400 kg/m°. In most
cases the default values from USES (RIVM et al.,, 1994) had to be used for RHO

Fsolid,,;,. The constant a in the calculated Kp values is considered 0.411 according to Karickhoff

wiqr -water,, and
(1981), but will differ for various compounds.

We selected studies carried out in test soils with a percentage organic matter below 30. However, in
soils with less than 2% o.m. the adsorption might not be linear with the organic fraction (Denneman
& van Gestel, 1990). For example, O’Connor et al. (1990) exposed carrots to Aroclor 1248 in two
test soils with organic fractions of 1.1 and 0.2%. In the soil with 1.1% o.m. the RCF values for root
peel were 222 and 379, whereas RCFs of 2452 and 2885 were found after exposure in soil with
0.2% o.m. ’

The recalculation from plant dry weight to wet weight is based on an assumed dry weight of 15%.
This can lead to an underestimation of the concentration factors of a factor 1.5 to 3 in studies with

young plants without well developed energy-storing organs like seeds or tubers, having 5 to 10% dry
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weight (see Bockting & Van den Berg, 1992).

4.2. Root concentraton factor

The experimental values for the RCF are in reasonable good agreement with the relation proposed
by Briggs et al. (1982), and certainly adequate for general risk assessment purposes (Fig. 2). This is
even more remarkable when viewing the diversity of plant species and substances for which the
experimental data were derived.

It is striking that the experimental data are generally lower than the regression of Briggs and
coworkers (1982) predicts. This may be explained by the fact that the barley plants of Briggs and
coworkers were grown in nutrient solution and that there was evidence that an equilibrium between
roots and solution was reached within 24 hours. For many of the experimental results collected here,
it remains unclear if an equilibrium was actually achieved. Results of Boersma et al. (1991) and
Trapp et al. (1994) showed that for soybean there was no equilibrium reached with bromacil after 8
days.

Furthermore, observed RCF values in soil may be lower than expected because the plant is
diminishing the concentration in the vicinity of the roots due to uptake, i.e., a gradient is formed in
the soil. However, differences between studies in soil vs. nutrient medium were not obvious (Fig. 2
and Annex 2). Results of field and laboratory studies were also similar.

For several compounds high standard deviations were calculated (see Table 1). For haloxyfop
(Aguero-Alvarado et al., 1991), DDT and dieldrin (Harris & Sans, 1969; Voerman et al.,, 1975) the
high variation can be clearly attributed to the different plant species tested: grass species showed
RCF values 10 or more times higher than crop species such as carrot, potatoe and soybean. For
pentachlorophenol the RCF of soybean was 2.5 times higher than of spinach (Casterline et al.
1985).

The high variation in the RCF values of Aroclor 1248 (O’Connor et al., 1990) is probably related to
the low percentage organic matter in the test soils (see 4.1.).

In several studies with carrots the residues in root peel and root core were analysed seperately. For
Aroclor 1248 only residues in root peel could be determined, residues in core were not found
(O’Connor et al., 1990). The concentration of tetrachloroazobenzene in root peel was ca. 40 times
higher than in root core (Worobey, 1988). The residues of PAHs in root peel of carrots were always
higher than in core, with some variation between the different compounds (Wild & Jones, 1992).
However, the differences were never more than a factor of 6. It has to be noted that the exposure to
a mixture of PAHs in sewage sludge mixed with soil might have influenced the accumulation of the

individual compounds, although the mechanism is not known.
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4.3. Transpiration stream concentration factor

Data on experimental TSCFs are more or less in agreement with the predictions of Briggs et al.
(1982) aithough the variation is large. The contribution of this plant compartment to the assessments

made in USES is less important than that from the root and shoot.

4.4, Shoot concentration factor

For the SCF, the agreement between expected values and experimental data is not satisfactory (Fig.
4). This may sometimes be due to the experimental situation, where volatilization and subsequent
uptake by the leaf could not be avoided. It is clear that this pathway exists (see e.g. Bacci & Gaggi,
1985; Schroll et al., 1994), but its contribution in the laboratory and the field remains unclear. In
contrast with the laboratory situation, air concentrations in the field will not build up rapidly.

It has to be kept in mind that the SCF of Briggs et al. (1983) describes the partitioning between
exposure medium and stems of plants. Stems may equilibrate with the transpiration stream. In our
study the concentration in the leaves is also included. Substances with low log K, values may
accumulate in the leaf, as they move upwards in the transpiration stream. In the leaf the water is
transpired, leaving the substance in the leaf tissue. An indication can be retrieved from the
experiments of Trapp et al. (1994), where concentrations in leaves were higher than in stems when
the transpiration rate was high. The authors concluded that the leaves become a sink for bromacil
and its metabolites. The results of Boersma et al. (1991) support this view. This implies that the
SCF as derived by Briggs and coworkers (1983) is not an appropriate relationship when predicting
concentrations in food crops for human exposure.

For lipophilic substances, e.g. mirex and pentachlorophenol (log K,, > 5) concentrations found in
leaves were lower than in stems, as one would expect. However, levels in both plant parts were
significantly higher than predicted by Briggs and coworkers (1983) (see Annex 2.) On the contrary,
the residues of mirex in roots were considerably lower than predicted by Briggs et al. (1982). The
concentration factors of mirex decreased with increasing soil concentrations or decreasing soil
organic matter content for all plant species tested (De la Cruz et al., 1975). The water solubility of
mirex varies highly in the different handbooks (between ’practically insoluble’ and a calculated value
of 6.4 mg/l). The maximum concentration possible in the soil pore water is therefore hard to estimate
and might have influenced the concentration factors. The low contents of organic matter of the two
test soils (0.87 and 0.04% o.m., respectively) used in the study of De la Cruz et al. (1975) may also
have influenced the results (see 4.1).

Differences between plant species may have played a role in the high standard deviations calculated
for the mean SCF of 2,4-dichlorophenol and DDT (see Table 3.) The SCF value of 24-

dichlorophenol for soybean and oat were 0.2 and 2.5, respectively (Isensee & Jones, 1971). A SCF
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of DDT of 93 was found in ryegrass (Voerman & Besemer, 1975) and in soybean of 14 (Beall &
Nash, 1971). The high SCF values for DDT (166 - 1700) obtained from Harris & Sans (1969) were
probably the result of drift from the treatment of adjacent fields, as these authors stated.

For haloxyfop the SCF values found for two grasses were higher than for soybean, but less obvious

than was seen with the RCF values (Aguero-Alvarado et al., 1991).

4.5. Conclusions

It can be concluded that the root concentration factors as derived by Briggs et al. (1982), are
satisfactory for the purposg set in USES (see Vermeire et al., 1994; Jager et al., 1994). It seems
likely that this RCF is a maximum value especially for substances with log K, > 4.

The transpiration stream concentration factors found in the literature are more or less in agreement
with the values calcuiated by Briggs et al. (1982).

Several shoot concentration factors found in the literature are much higher than the values
calculated by Briggs et al. (1983). This might be due to uptake from air, non-equilibrium situations
and in case of radio-labeled substances, the SCF might be based on metabolites instead of the
parent compound. In addition Briggs et al. (1983) uses stem concentrations; leaves were excluded,
whereas in this study the SCF was based on shoots. For the SCF used in USES major adaptations

are necessary.

4.6. Recommendations

It is clear that the inability to predict shoot concentration factors requires further research.

Research on the applicability of other existing models for estimating concentrations in shoots (e.g.
Trapp et al. 1994) can be performed with the data set collected for this repont.

Further refinement of the data on SCF values gathered in this study with regard to exposure
methods, plant species, and specific physico-chemical properties of the tested substances is also

possible.
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ANNEXES

ANNEX 1
SEARCH PROFILE FOR ON-LINE RESEARCH IN BIOSIS, APRIL 1993

f (bioaccumulat? or bioconcéntrat? or accumulat?)/(ti;ut)

f (biotransfer or transfer or uptake or translocation or stem#)/ (ti;ut)
f (transpiration stream or root# or distribution or disposition)/(ti;ut)

f bef or baf or tscf or rcf or scf

f1to4

f (soil# or nutrient solution or hydroponic? or terrestri?)/(ti;ab)
f5and 6

f 7 and sc=51520

f (selenium or aluminium or cadmium or coppper or iron)/(ti;ut)

f (manganese or zinc or lead or mercury or tin or phosphorus)/(ti;ut)
f (sulphur or phosphate# or sodium or potassium or metal#)/(ti;ut)

f (arsenic or magnesium or calcium or nitrogen or ammonium)/(ti;ut)
f (nitrification or nitrifying or nitrate# or nitrite#)/(ti;ut)

f91to 13

f 8 not 14

f 15 not la=(bu or ch or ¢z or hu or it or ja or po or ru or sp)
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ANNEX 2
ACCUMULATION FACTORS FOR PLANTS

Exposure duration:

d: days, w: weeks, m: months, gr se: growing season

Nutrient medium:

¥
Hoagl sol: Hoagland solution, nutr sol: nutrient solution,
modif Hoagi sol: modified Hoagland solution,

half str Hogl sol: half strength Hoagland solution

Concentrations reported as:
soil: mg/kg dry weight
plant tissue: mg/kg wet weight
soil lig (calculated concentration in soil pore water): mg/l
nutrient medium: mg/l

If otherwise, it is mentioned in the column 'comment”.

BCF: bioconcentration factor for the plant part(s), mentioned in the column ’exposure period and

plant part(s)’



-31-

‘uosess Bumolt eyl Buunp 8oLl 6100 L €£'0 €0 1004 Wg

s8] g UMow semsseib ey ¥68L°0 6100 SPSHO'0  SLOO €E0 oous wg %E sseHoki SUEDUI}
pawlwns aiaw jueid pue |los 9922 S00 €8kt €e Ll va'L Joos wg
utsenpisal 333 + 10Ad -1ad 't S00 62000 00 vIL oous wg %E sseloks ulpieIp
‘MM 0] paleindeoad 829L 52000 gclo’L L2'4S 0698 oot wg
MQ ut paliodal ed u1s,ouo0D G/61 B 18 UBLLUSBOA EEE'E€6  G2000 belo0 £0 0G'9S oous w9 %E ssesSoll 1daq
£9v00 090 L1100 8200 €9¢ 00US Pyl %S—€ woo Joyoroie
‘WIGL—0 Jo Ydep 266800 ¢28C0 1200 42010} 0s't 00US Pyt %S—-€ woo auizene
B LLOJJ UsH B} auom sa|dLues 108 €661 1810 MAAAL 9610 2L1T0 600 L¥00 250 00Us Pyl %S—€ woo Ojyoere
S6lelk 280000 €800 100 cLo jegnies B | 04Bd
G6l'el 280000 €800 100 cLo wouses 6 L %Pl woo uupus
e A 8000 8600 SO0 /S0 Jogmas b | 104180
SLE 8000 €500 €00 LS50 Jeqnies b | olelod
Gl 8000 8100 00 S0 wouses 6 | %p'L wos
SibLL 19000 €900 100 AN Jegnyes B | j98q Jebns
€2G95'9 19000 9€0'0 v0'0 il legnies 1B | 014D
08L6y 19000 2200 €00 2Ll tegnies B | olepd
08L6Y 19000 24200 €00 gLl ous es 6 | 196q JEbNS
98/2€ 19000 8100 200 clL oous es 6 | woo
98.2€ 12000 8100 200 et Joous es B | 180
98/2€ 19000 8100 200 cl'L wouses b | %9€E Bjleje uipieia
ShiiL (00000  EESO cLo €20 Yous es b | uoo
14’682 100000 6800 200 €20 vouses 6 | %p'| ejeye
'sp|ey usoelpe
01 Jusuljeau] WoJj Yup 005 900000 SO0 €00 S0 legnies 6 | 100q Jebns
jo ynsel eyl Algeqoid evem 99999 900000  £00 p0'0 LS0 ouses O | 190q JebNS
sued jue|d [euse Ul senpsey 99998 900000 200 0’0 G0 0Us 88 16 | uwod
‘soteind pue 00S 900000 €500 €00 S0 ooys es I6 ¢ 180
J0iED Ul pajoslap 10U sem |dJ 6961 sUBg g SieHd 99'g9l  90000C 8100 100 LSO oouses B | %g€ ejeje 1ad
‘S3AAnLs a4
by ios i/Buw |10S MD BB (s)red wed
fued bif jios jwgd M By/Bw Ul Ul Juod pue poused

JuswILWoo aouaslal 40a Ul 2uoo 404 U0 enssi) {108 ainsodxe WO % s8100ds punodwoo




-32-

pue e '6'g bunb Biem 9668'C $6290 500 161 ov'6e 01001001P 28 %9L
Kp By/6 L'2gpue ggl G689'S L6120 6L°0 <L 859 8100100IP g8 H%BE
'1'g) salel salyl 1B {10S 2i8'LL 25900 €50 840 il 81001001P 28 %672
YIm paxill SEM S, HVd Ulim Gl9E9 9pi600 6E0 290 65t 8J00100/P28 %l¢C
paleUILEILOD 8bpNis ebeves 2661 sauo B PiM L6 L 22180 +8'0 65l 69l |gad1004p 28 %12 0.0 sualElydeu
“JN300 PiNOO LOEZIBIOA PO29L 2EE0 85¢ €52 860 |deoymp £ eulzese
0S 'PaJan02 10U |10 (108 090 Al 80¢ Ideoump 2 upep
YIm paxILLl souersgns 188 0661 |Bl9ddei] gbSEE 220000 L0 180 9i'e [deloump . %GE Aayeq 1aa
'‘MP U} UOlBIUBDUOD
jlos [etiul uo peseq 404d obese 8/0000 00€ 0see SL0 lead 1004 p G2
(Boi/Ow 20°0) sHwf LoNoBIeP 6'iSbe 250000 G5 Giet 050 [eed 1004p G %20
moleq arem |oad 1004 1deoxe 25'8L€ VL0000  £00 €500 GL0 1ead 1004 P G2
sked ed jfe uts,ou00 066l '[B18JOUU0D,O 22222 600000 HO0 0200 050 9ed 1004P G2 %L viRd  gpg| JojoON
‘MW O] DBUBAUOD
‘pauodal M JuBd Ul SOUCD
PeIqiuoxd UolIeZNeIoA pr0'22  SLIZ0 9820 eLs 0002 00US P £ uupus
'SOUOD |I0S |BUILIOU {BIIU| LPlLE  L9EPO 1800 o'l 0002 100Us P £5 uLpiep
'SpUNOdWod 1881 Paeqe Db | LZ6L USBN R llE8g 6GSEL  GBB000 9000 2Lo 0002 0USPES %60 ueeqAos 1aa
'SIANLS AHO LYHOGY T
SS9kl €1000 G200 6100 9.0 00l
Bo/ugE G’ 80000 9569600 L1000 90 paiead p 901
i uonoalep Mojaq SAEME 2698t €£L000 9EL6LE0  EPE0 9.0 1004 P Q0L A
aJam ebefjo) Ui senpisey G/61 Bl llBusNg G192 80000 212590 #1120 9’0 004Pp Q0L %2l .82 uijeinjueq
‘aleydns JAINE %1 YIm
paysem s100Ug 48Ae| WopL—0 Lo YEPOr  £2000 8182000 €6000 ocee 00UsS p 64
paseq souod (108 '$8INUBIB %01 ZI61 BB UNEL $EFLL /80000  Q0BOO0  LOO vl WouUsSpeL %L BjEje BUEPIOIYO
by jos yBw ul flos Mp Bx/Buw (s)1ed ued
fiued bij j1os fiueid s By/Bul Ul [U[Re ¥ elo) pue pousd
JusuIwoo soualajal 404 OU0D aNsst] 110S e)nsodxs WO % saads punodusoo

Ul 2Uo0o 1049




-33-

‘MM UL Al senprseu ued
'pasA[EUR 10U 8,0U02 [0S

HITTVON GNY DYON NI
S ONOD 3NSSIL GNY I0S N

papnioxe sle Bn G0'0 >
s2U09 by j10s UM spunoduio)
‘a|gel sy ul

papnoul 10U alam SJoyINe
a8yl Aq pse pelodal

SI010B} UOITRIJUSIUOD
'40@/ouo2 enssi}

SE PalBInNd[eD 'si;oyine eyl
Aq pauodsal You sOU0D 108
"MW 0] PBLIBAUOD ‘peliodeal
MD JUBId UI SDUOD 'SDUOD
|1os ebeJene UO peseq aue
senea 409 eyl (Wo %172)
|0J1U00 8U] puB SIUSW
—]eai] 8yl Ul 1§81 JO pus
DUE UEJS B paINSEsl alom
8,HYd 21 0 SUo{IBlusdu0D

*

€269
LPa'6e

£5'196
8861 Aeqo.om

1§'SLL
168'688
29088
196'SL

8h9'e8
86648
vL2'i8
E6l6'G

980y
65.09
886EYy
LI6'SE
9cegl
geLL's
cieve

8r1.8
8ib'ic
648'9C
LEg'Le
pSESL
LE6'SC
S9LcE
£eg'ce

by 1os
hued
edualsjal Felsl

60000 €000
0 G200°0
660000 1000
0 G500
660000 8600
0 S60°0
96800 b0'0
8bG/00 900
84500 800
2500 200
55900 +0°0
GG90'0 800
G500 10
¥6200 100
£602°0 100
S8LLO 200
28900 200
vE91'0 200
81810 »0'0
20910 €00
€66200  LLO
9LyZ0 »0'0
99r 10 610
GhPBO'0  2E0
98500 GE'0
S2620 200
€410 €20
86600 60
29900 ¥S'0
/6w i jios
b los fued
tf JUOO 404

€00

100
L1000
S.€0
61000

SeolL
12’9
60'S
€80

cle

2
A
LS¢€
80'v
2¢€
6i¢

A Byy/Bul ul
UOD BNssl]

000l
c0'0
000t
c00
000t
c00

S4'85¢
egLLt

oS’y

SSort
00cL
0s'eh
00ty

00'€E8

006Gt
000et
A3
198k
2291

00€s
€991
60'L
LS€
00'Ls
vl
88
90

Mp BB
Ul 0u09o
oS

sdoy W

sdoy W

dind Y0 W p

dind pos w p

|ead 1004 W b

jeed 001 W %e 10.1eD
jped100ipe8 %9/
19ed 100ip 28  %BE
jpd100ip g8 %62
jpadi00ipe8 %l72 0142
jped 100ipgg %9t

19ed 100ip g8 %BE

Ipad100ip 28 %67

lead100ip 8  %ie 01ied
8100100IP 28 %BE
8J00100ip 28 %67C
8100100ipe8 %l'¢
|9edj00ip28 %9
|9ed 100iP 28  %6E
[pad100ipg8 %62
jped100ipe8  %lLe poJ¥-e)
0I001001P 28 %97
8)00100Ip 28 %6E
8J00100IP 28 %6¢E
8/00100ipe8 %l'¢
pediooipegs %92
padi00ipes  %BE
lead100.p 28 %62
19ad100ipe8  %i?e 04BD

(s)ued wed

pue pousd
einsodxe WO % saeds

euazueqoze
—oJopprie)
- ev'e

eualAd

susyuRIONy

suauyjueusyd

sualonyy
Jeusyiydeusoe



-34-

‘pauodar Mmp Jueld Ul SOUOD

‘MM O} PBUBALIOD

pecL'L

GL9e
S9Ll
&8
S
€G66°1
8960
cceeo
cbec0
brE0C
veoL's
cerb'e

G161 [B18 ZnUD Bl 8d 6890°C

SO0
Sep00
SepP0'0
5200
c000
€000

¢000
90810
90810
90810
0810
18000
18000
18000
18000
59100
S9100
GaL00
G900
520000
§20000
S§£000°0
S£0000
GeH00
Ser0'0
Sev0'0
Ser0'0
¢00'0
c00'0
€000
000
90810
Q0810
0810
90810
48000
48000
18000
48000

/81600
529500
SL€£00
Gloo
§48160°0
S2P0'0
Sce0'0
SelL100
cs8ra0'o
LIP9E0°0
885100
9496100

S000
100
SL€621°0
G28190°0
G295e0°0
G/8910°0
S48160°0
SO0
G§29020'0
G100
LLLP200
v32kc0'0
Lp3L100
LIGLLOO
1250600
cr1020'0
1458000
ek 1S00'0

yow u
by 1os
Ul U090

s

GEL00 080 1001 Mp
SPO0 080 was mp
1200 080 SOABS| M
cl00 080 domolb My %00
GEL00 080 001 mp
8ee00 080 wes mMp
8L00 080 SeAes| M
6000 080 dimoib Mbp %80 uesghos
S0e20 ore 1004 M}
geet’o ove wes mp
$S00 or'e SBABS| M
G900 ove dnmoib My %H00
G810 0se 1001 Mp
e£800 0se wes mip
G1E00 0se SBAES| M {
GEL00 0S€ dnmoiB Mp %80 ueeghos
SPEO'C 1e'0 1001 Mp
8.c0C €0 wels Mp
SL000 LE0 SOABS| M b
000 LE'0 dnmoib My %00
S1E00 0e0 1001 Mp
6000 0E'0 wers Mp
SL000 [0.900] SBAES| M
€000 0€0 dimoiB mp %/8°0 Uueeq uspleb
SE0L0 080 1004 M
S6r0'0 080 weils Mmp
S820°0 080 SeAES| M b
SELO0 080 dnmoib mp %H00
SEL00 080 001 Mp
€500 080 weiss Mp
S9L00 080 SeABB| Mt
6000 080 dumoib Mb %/8'0 uesq uepsed
2520 ob'e 004 Mp
62800 ovbe wes mp
00 or'e S8ABS| M {
GO¥00 ore dnmoib mp %500
FFARY 0s€E 1001 Mp
G0200 0Se wels mip
€00 (0,51 SOAED| M}
8100 0Se dnmoib Mmp %280 ueeq uspied
Mp BBl (s)ued ued
fiueid s BB ul Ul U090 pue poued
QU0 enssii [ einsodxe WO % seeds

404

Xaiw

Xaliw

Xadi

Xediu



-35-

LIpE'L
ANt
S049°0

SeP00
SeP00
SeH00

59100
S910'0
S9100
G8100
G20000
20000
620000
S20000

sousIslal

by 1l0s
fued
408

yBw ul
by} os
Ul 2U0O

G2le0l' 0 &800 080 1004 M
900 800 080 wes M
GC95E00 88200 08'0 SaABs| Mp %00
S290S0'0  SOH0'0 080 004 Mp
SLE00 €00 080 wals Mp
G600 200 080 SeABB| Mp %.80 jeaym
9/98G00 66610 ore 101 M
LiBLPO'0  SGebi'0 ore wes Mp
$326000  SLEDO ove §6ABS| M %00
eri0s00  GG2L°0 0GE 1004 Mp
pe00 #6800 (0,90 wes My
6824000 85200 [0.2) > SeABS| Mb %.80 ieaym
£8rsEl’0 200 LE0 1001 M
clgioL’o  SLeoo le0 wes Mp
9604800 4200 €0 Senesl Mp %H00
L'0 €00 (€AY 001 Mp
S800 G§G20'0 (e A wes mp
G500 S9L00 0E0 S6ABS| Mp %.80 wnyBos
GC9Gct' 0 S00L'0 080 1004 Mp
G2980'0 6900 080 wes mp
G/81900 S6¥00 080 seAes| Mp %b00
G280'0 9900 080 004 M
G2Les00 G900 080 wews My
G/E00 €00 080 S6ABE| Mp %280 wnybos
§8cEL00 G920 05€E 1004 Mp
1288900 20 0s'e wes mp
eriLi00 900 0S€E 86nes8| Mp %H00
PLIPEOO SGLSL'O 0S'e 1001 Mt
1681200 G800 0se wes mpy
82r6000 E€E00 0s€e S8ABS| Mbp %/80 wnybos
8e8ksSL'0  BPO0 LE0 100 My
p229600 €00 lE0 wes mp
91GF100 SkOO0 LE0 SBABS| M
€6Lbe00  SL000 lE0 dnmolb Mmb %p00
8800 GG20'0 0€0 1004 Mp
999/600 €L100 0E0 wes Mp
S00 SL00 (0,530] SeABS| M
G000 SL000 0€0 dnmoib My %80 ueeqAos
{108 MD BB (s)ed ued
fwued  maBy/Bu Ul Ul U0 pue poued
408 QUO0D enssl] [ ainsodxe WG % sal0ads

Xautu

Xanw

Xl

XeuiL

Xadil



-36-

‘Painsesll Jou SUCD |I0S 'O2

p e wauby ‘02 'SL 0L 'G'E

P 1B painseall JU0J JUBl '81es
—8WNjoyIe 0 Juswaaowl jusaad
01 I0S UO [BOUBLO PBIBANNY
‘punodwoo pelsqel—-Bbul Op |

‘P pue ge '8 ‘0 Aep jo uesw
wiosh ‘palewnss g Aep Uo JU0O
yoeuds J04 06 PUB '2E '8 0

AED UO SOUOD paINSEsU JO UBS
‘woab sB UBsgAoS J0J CD [0S
‘uoniepeSep [B1qooIW 1aIY

—0Jd 0] pazijusls Sem jI0g

128¢€L
S9Lbe
€210'6
8461 el eus3 9128

Sh'es9
Sebbl
2P061
8ch'lL
19'4eS
8€cLL
S6'085
G861 B 18 suluese) |'/GBE

194
S6L B8 ZnID Bl eQ gl

UBlULIOD

by jios
fued

eouaisjal 09

2910
90
910
eoto

cPi00
cri00
Q0100
S0100
S010'0
S010°0
S0L00
50100

S9100
S9L00
S9L00
S20000
S£000°0
S4000°0

Ut QU00

1/Bw ul
bij jjos

Lt 9611 00'L Mes|p og
4%¢ 4 AN 4 00°L uopelA0op 02
'L gb'L 00'L |AooodAy p oz
bE'L el 00'L 1001p 08 %6¢ 186q Jebns
lgblesd't  SE6 ob'S 100Us P +9
652608 LS0C ov's 1004 P b9 %C yoeuids
S00 0 [0 024 psees p 06
G810 S10 00 pod p 06
qee’l bS'G (0,004 JB8ID 06
S6'¢ 8l 0084 wers p 06
GeS'L 19 00'b 00Us P 06
selol SOk 00'% 100iPp06 %2 uesghos
E6LPLL0  ¥S00 LE0 00i Mp
2i9loLo  SLE0O LE0 was Mmp
pSEGL00 9000 LlE0 SOABS| M %H0'0
GiL'0 SHEQ'0 0E0 1004 Mp
L'0 €00 0€0 wes mp
SHO'0 GEL00 oe0 S8ABS| M} %/8'0 1leaym
j10s Mp BBl (s)1ed ed
fwed  ama By/Bus ut (UKo ¥ slo] pue pouad
408 2UO0D enssi} JI0s einsodxe WO % sepeds

elEsaINOY1e

ousyd
—oliojyorusd



-37-

(Wnipew JUsNINU LW WIdP)
/ (des wais Jw/wdp) = 4081
(Uonnios ku/wdp)
/ (1004 ysayy Budp) = 404

Ppayoral 10U p g Jelfe xJinbe
esNE2aq PepniouUl 10U SOU0D
Jaubiy Yim suoneinp auinsodxa
Ispous !|1oewolq peeqe—op |

LS
"INO00
10U 80P J00US 0] 100 WOoJj
UoiEOOBURI] 08 JuBdILBISU
SEM JOOUS U1 2U09 (IOL

G820 008 Jsdsueipeg
[ 008 00i PE epjonsAsuoy
G0 008 Js dsuesip g sedod
60 008 ol pe pLGAY
180 008 s dsurip g
bl 008 1001 PE use usaib
L0 008 s dsuripg
60 008 001 pg BAII0 UWNine
650 Q08 IIs dsuesip g A0
St 00'8 100) pg uessni
L0 008 Ks dsueiipg
c¢6'0 008 00l pg eonysy
110 008 s dsuen p g
150 00’8 0ol pg Aelleq
120 008 Js dsuenpeg
0661 B 18 euBllejON || 008 00 PE YN uesqAos
pE'lc 9'le2t 00’85 sSenes| p g o]
90l 109 00'8s wes pg [BeoH
1661 ‘e e eusioog g 8'sheE 00'8S 0] pg Jpow ueaqfos
08
0S8 SLLO 2210000 0ol pg  Anu aziew
08
0661 18 18 ADRIDOW 006 L0 €£1000°0 00l pg Anu ueeqhos
ubiem 1am Bw
BySwu  ulouoo (s)1ed wed uonngpos
aouaisjal 404 ouooenssit  wnpew  pousd einsodxe jusuiInu seeds

suszZUSCD AU

10BWOoIq



-38-

palsel

punodwoo pleqe|—Bull Dp | "ouoo
|BUIl} PRIBINDIEO PUE [BUILOU

Ul 0 uBsll ‘Wosb se wnpeul
JUBWINU Ui 2UCD ‘MM 01 P8l
—JeAUOD ‘M Ui sjued U ouoD

sloyine ey Ag psuodes se
usAab s10108) QU0 YBW 001
useq eAeY piNoJ 1l \pel

—Jodal sem |/Bn 001 0 wnpsaw
JUBUINU Ul QU0 'SIOJEN{EAS

eyl Aq ps1enojed ssnjea eu)
UBY] JaM0| X 000 | &usMSJoyIne
eyl Ag uanib $J0108] DUOD

“(lw/wdp) / (M B/wdp)

se palgnojed

408 VBN G0l QUoD (B
MM 01 paliaaLod ‘Mm@ B/wdp
se pauodal AlANOE O |

‘SOUNOdUWIOD BuB|[BOIOAJIGEXO
ale palsa] Ss0UBISANS |

‘U b2 Jole wnjpawl Jusiinu Ul
oU02 puselels Aoears je des
jue(d ui UOD WO peseq DS

U $2—0 Ul payoee. eless fpeelg
syued pajeldesep (enbiu
—uyos] Jequieyd ainssaid UbiH

pSbskS'e

cleteet

S61°0
L2161 S8UOP g BesUss| SOEL

(<A<
160
1661 (Bloddel g}

18'S
6L Ep
601
00l
£5¢€
L6861 opereny—01anby 98’9

2610
8650
250
6vE0
99v'0
€150
€210
2860
2550
A
81c0
(0661 e 18 NSH OO

820 Lo 100US P bl
0S€EL %) 1001 P b
200 0Lo 00Us Pl (08
S0€EL 010 00 Pyl Anu
0022 01’0 SOAES| P €
ob'L6 oL wers pe
00'0E 0L o0I pPE YN
00Us P b
001 pp
00US P b

00! P 08
senes| ppy [BeoH
001 pt IS ey

10s
[Beoy
Js dsuen p i uIS Jley

20
jousud
ueseqfos —0IOUOP-b'2

ueeq ugpeb ueJNjoqQ.ed

encse) |[e)
encse) pal

uesghos dojAxo|ey

££52020S
ueaqhos uAylewuro

1uBiom tem yBw
ByBw ur  uIouoo (s)1sed wed uonnps
ouooenssll  wnpew  pousd eunsodxs JusuINu




-39-

crL0 020 s dsuei p |

208 0c0 ol pL
600 020 Js dsuen p |
1990 oco 100i P L
180 0c0 Jis dsuestp |
L'e 020 001 p L
c06'0 020 s dsuelp |
14534 020 1001 P i
» €820 0L0 s dsueqp |
82l 0L0 001 p |
G9Hd
'sjue|d p|o deem | PaIse) €620 010 Jis dsuraip | |os
Spunodwoo pefeqe|—Bul Oy | b261 POOM B BUOUS G8'L 0t0 oI ptL  anu

WBIem Jem yBuw
ByBw u  w ouod (s)ied wed uvonnios
JUBWIWOD souaIejal 409 auooenssll  wnpaw  pouad eunsodxs Jusuinu

Aetreg a-v'e
Aejieq jownIe
Aajieq [Veialle]
Asjeq euizew s
>o_..w,n euolesie
Asjleq oelizeJe
s8108ds punodwod




-40-

‘MM 01 PalIanuUod "M Ul
pauodes snssn ued Ul sdoUC)D
WBW S0'0 AINGN|OS Jalep

L0LP8LL SEGEEL ezl
g8cgehe  9beE pE'l
19198€8 |'62 GE'0
6lbC08L SE6L <0 ued |os sIsuanie
4868't0L  Sl'be »e0 spuym p / [Beoy EOIA
198L°0L1L  6¢kel gzl
1290'bLL  G2eee el
88200'L9 S2€2 SE0
8522E'S9 29l G20 ued 08 Bipsw
osobee8  SlL'ie veo eoym p 4 [Beoy eugeIg
6510F'65 GO0.L9 gc'LL
S86206L 0562 el
0204699 oOt'ee SE0
496029, 068l =AY wed s sipun
L0isk8L 098l <44 eoum p/ (BeoH BUERS
48/6C€S 02109 8cLL
LELESE Y 0L'G PE'L
l9sGl8l  0€9 SE0
606962 GEL 20 wed 108 eutede
OEVPGEE  S6°2 »e'0 epum p ; (Beoy wnien
I1GesL il SL'ggL gzl
6119424 S.16 beE'L
€962v6'6 ShE SE'0
cEOPS'LL  SEV G20 wed |os
EPPSEBL  GEY ye'o eoym p/ |BeoH Aspieq
peeca it ol'Lel 8c'LL
EFELELS  OL'LL bE'L
E£2re6'SL  SS'S GE0
9lsk1'8l  OSh G20 wed [os
2661 leessuAen 018b8 22 099 #e0 ejoum p . |BeoH jeaum
wbiam 1am B
HyBw U ouoo (s)ied ed uonnis
souaisal 404 0o eSSl wnpew  pouad einsodxs jusinu saeds

ueoUSj|P



ANNEX 3

PHYSICO-CHEMICAL PROPERTIES

41-

compound log K., water sol. Henry coeff.  log K,
in mg/!

acenaphthene/flucrene 3.92° 3.8 5.10° 3.69

alachlor 3.52° 242¢ 1.3.10° 2.27°

anthracene 4.54* 0.0045 1.6.x10° 4.44

Aroclor 1248 5.8-6.3% 0.1-0.5 2.10%-0.12 -

atratone 2.69° - -

atrazine 2.75° 30 1.1.107 2.199

benfluralin 5.29° 1.1 4.6.10" -

bromacil 2.11° 815 4.3.10°

carbofuran 2.32° 700 1.6.107

chlordane 5.54° 0.1 2.10° -

cinmethylin (SD95481) 4.62° 63¢ 1.8.10°

2,4-D 2.81° 682 7.8.10°

DDT 6.91° 0.003 1.2.10° 5.63'

2,4-dichlorophenol 3.06° 146 6.1.10°

dieldrin 4.32° 0.17 2.4.10° -

diflufenican 5.42° (est) 0.05° 9.7.10°

diuron 2.68° 37° 2.7.10°

endrin 4.32° 2.5.10%° 3.1.10* 4.25'

ethirimol 4.39° (est) 200° 1.2.107

ethofumesate 2.16° (est) 110¢ 6.9.10° 2.53°

fluoranthene 5.22° 0.26 4.3.10* 4.68

haloxyfop 4.63° (est) 2.7° 8.6.10°

lindane 3.61° 7.3 1.2.10 2.98'

metolachlor 3.13° 530¢ 3.7.107 2.24°

mirex 5.28° pract. insol. 4.10° -

naphthalene 3.37° 31 1.8.10% 3.11

nitrobenzene 1.85° 1900 10°

pentachlorophenol 5.24° 14° 1.1.10* 4.519

phenanthrene 4572 1.1 1.3.10° 4.25
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compound log K,, water sol. Henry coeff.  log K,
in mg/!
pyrene 5.18° 0.13 3.8.10* 4.81
SD96638 4.1° 15.7° (est) 2.9.10° (est)
SD98319 2.73° 765° (est) 1.3.10° (est)
SD204328 4.59° 4° (est) 7.9.107 (est)
SD204689 , 3.68° 49° (est) 1.7.10° (est)
SD204690 4.2° 1° (est) 2.1.10° (est)
SD204691 3.53° 69° (est) 2.8.107 (est)
SD205857 3.55° 70° (est) 1.3.10° (est)
SD207573 0.96° 128 g/° (est)  2.7.107 (est)
SD208213 2.52¢ 1320° (est) 2.2.107 (est)
SD208380 1.82° 10 g/I° (est) 8.10"" (est)
SD208586 5.29° 0.79° (est) 1.3.10"" (est)
simazine 2.18° 3.5° 1.9.10°® (est)
TCDD 6.8° 1.9.10° 1.4.10°
tetrachloroazobenzene 6.46° (est) 0.011 7.1.10° -

a Mackay et al. 1992

b MEDCHEM database

¢ Howard, 1989, 1991

d Agrochemicals Handbook, 1994

e MEDCHEM database as consulted by Hsu et al., 1990
f Bockting et al., 1993

g confidential RIVM database



ANNEX 4

SCIENTIFIC PLANT NAMES
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Common name

Scientific name

Alfalfa
Autumn olive
Barley
Carrot

Corn

Garden bean
Green ash
Green bean
Honeysuckle
Hybrid poplar
Lettuce
Maize

Oat

Potato

Red fescue
Russian olive
Ryegrass
Sorghum
Soybean
Sugar beet
Tall fescue
Wheat

Medicago sativa L.
Eleagnus umbellata Thun.
Hordeum vulgare L.
Daucus carota Sorte

Zea mays L.

Phaseolus vulgaris L.
Fraxinus pennsylvanica Marsh.
Phaseolus vulgaris L.
Lonicera tatarica L.
Populus x robusta C.K. Schneid.
Lactuca sativa L.

Zea mays L.

Avena sativa L.

Solanum tuberosum L.
Festuca rubra

Eleagnus angustifolia L.
Lolium perenne L.
Sorghum vulgare Pers.
Glycine max Merr.

Beta vulgaris L.

Festuca arundinacea

Triticum aestivum L.
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ANNEX 5

CALCULATION OF CONCENTRATIONS IN THE SOIL PORE WATER
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