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RESUME

Les coefficients de transmission sont devenus virtuellement
indispensables pour l'étude de ce qu'il advient aux radioisotopes libérés
par les installations nucléaires. On utilise ces coefficients dans les
modèles d'évaluation de l'équilibre dans le cas cù ils indiquent le
degré de transmission, aux chaînes aJImentaircs, des radioisotopes
individuels du sol aux produits végétaux et des aliments pour bétail ou
du fourrage et de l'eau potable aux produits animaux et, par la uulce, â
l'homme. Les renseignements sur les coefficients de» transmission pour
les modèles de chaînes alimentaires sont très fragmentaires et ne trouvent
dans une grande variété de publicaci-iis et de rapports.

Pour nous permettre de choisir et dt déterminer des valeurs
convenables pour les évaluations, nous avons considéré les aspects
suivants des coefficients de transmission sur une échelle très étendue:
(1) definitions, (2) hypothèse de l'équilibre qui stipule que les co-
efficients de transmission st: limitent aux conditions d'équilibre ou
d'état stable, (3) hypothèse de la linéarité qui est l'idée que les
concentrations de radie.isotopes dans les produits vivriers croissent
d'une façon linéaire en fonction des niveaux de contamination du sol ou
des» aliments pour animaux, (4) méthodes de détermination, (5) varia-
bilité, (6) valeurs génériques par rapport aux valeurs particulières au
site, (7) aspects statistiques, {&) emploi, (9) sources des valeurs
employées actuellement, (10) critères dé révision des valeurs, (11)
établissement et tenue des dossiers sur les coefficients de transmis-
sion, et (12) développements futurs.
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TRANSFER COEFFICIENTS TO TERRESTRIAL FOOD PRODUCTS
IN EQUILIBRIUM ASSESSMENT MODELS FOR NUCLEAR INSTALLATIONS

by
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ABSTRACT

Transfer coefficients have become virtually indispensible in
the study of the fate of radioisotopes released from nuclear installa-
tions. These coefficients are used in equilibrium assessment models
where they specify the degree of transfer in food chains of individual
radioisotopes from soil r.o plant products and from feed jr forage and
drinking water to animal products ar.d ultimately to man. Information i>n
transfer coefficients for terrestrial food chain models is very piecemeal
and occurs in a wide variety of journals and reports.

To enable us to choose or determine .suliable values for assess-
ments, we have addressed the following aspects of transfer coefficients
on a very broad scale: (1) definitions, (2) equilibrium assumption,
which stipulates that transfer coefficients be restricted to equllibi ium
or steady-state conditions, (3) assumption of linearity, that is the
idea that radioisotope concentrations in food products increase linearly
with contamination levels in the soil or animal feed, (4) methods of
determination, (5) variability, (6) generic versus site-specific
values, (?) statistical aspects, (8) use, (9) sources of currently
used values, (10) criteria for revising values, (11) establishment and
maintenance of files on transfer coefficients, and (12) future develop-
ments.
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1. INTRODUCTION

Many of the general environmental assessment models that trace

the movement of radioisotopes from nuclear Installations through food

chains to man are equilibrium models (Hoffman et al. 1978). Meaningful

application of these models must involve situations which entail long

enough time spans to allow attainment of steady-state conditions.

Apparently, this applies to routine reactor assessments (see USNRC 1.109,

1977) and, certainly, to iong-term waste management problems, which may

involve time spans of thousands of years (see Zach and Iverson 1979).

However, there are situations, such as accidental releases of radioiso-

topes, where equilibrium models are inappropriate, and dynamic or time-

dependent models are required (e.g., Booth and Kaye 1971).

Transfer coefficients (also referred to as bioaccumulat ion

factors, concentration factors, concentration ratios, etc.) are gener-

ally considered to be the most important parameters of equilibrium

assessment models {but see Zach 19E0). These coefficients specify the

degree of transfer of individual radioisotopes in food chains from soil

to plant products and from feed or forage and drinking water to animal

products and, ultimately, to man. Most of the general terrestrial ifood

chain models, such as the USNRC 1.109 model (1977), require at least

three types of transfer coefficients: (1) plant/soil, (2) milk and

(3) meat. More elaborate models, such as FOOD (Baker et al. 1976), make

use of six types of transfer coefficients: (1) plant/soil, (2) milk,

(3) beef, (4) pork, (5) poultry and (6) eggs. In principle, this

list could be extended, but it is restricted in practice by the data

base. There is also a general consensus that FOOD and the USNRC 1.109

model take into account a sufficient number of different food types to

adequately describe the movement of radioisotopes in terrestrial food

chains (Hoffman et al. 1978). In view of the continued interest in

transfer coefficients (e.g., Hoffman 1978; Till et al. 1978; Ng et al.
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1979a, 1979b), the consensus that existing models are adequate is appar-

ently based on model structure rather than transfer coefficient values

(see also Relchle et «1. 1970).

The literature on transfer coefficients is vast and piecemeal

and occurs in a wide variety of journals and reports. To correlate thic

information and to enable us to choose or determine suitable values for

assessments, we have addressed the following aspects of transfer coeffi-

cients on a very broad scale: (1) definitions, (2) equilibrium assump-

tion, which stipulates that transfer coefficients are restricted to

equilibrium or steady-state conditions. (3) assumption of linearity,

that is the idea that radloisotope concentrations in food products

increase linearly with contamination levels in the soil or animal feed,

(4) methods of determination, (5) variability, (6) generic versus

site-specific values, (7) statistical aspects, (6) use, (9) sources

of currently used values, (10) criteria for changing values, (11)

establishment and maintenance of files on transfer coefficients, and

(12) future developments.

Our objectives are strictly related to transfer coefficients

employed in general equilibrium assessment models. Thus, we are not

concerned with alternatives if such models do not apply. Further,

several of the problems will only be discussed in a general way, because

they are radioisotope specific.

We hope that our discussions will promote the understanding of

transfer coefficients and their proper determination and use, and thereby

improve the quality of on environmental assessments of nuclear installa-

tions.
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2. DEFINITION OF TRANSFER COEFFICIENTS

Since the definitions of the transfer coefficients to all

animal products are basically similar, only two types of coefficients

need to be defined: (1) plant/soil and (2) animal pn ducts.

Transfer coefficients have usually been defined in terms of

traditional radiation units, e.g., picocuries. However, since all coef-

ficients involve simple ratios of concentrations, they are independent

of units. Thus, they can be readily defined in terms of the SI radia-

tion units, that is becquerels, or, in the case of stable isotopes, in

terms of non-radiological units.

2.1 PLANT/SOIL

The plant/soil transfer coefficient is given by:

Biv ' V C i s (1>

where B. = transfer coefficient for plant uptake from soil for

radioisotope i (Bq/kg wet plant per Bq/kg dry soil)

C. = concentration of radioisotope in plant

C. = concentration of radioisotope in soil.

Plant concentrations are average concentrations of plant parts

used in the diet of man or his farm animals. Soil conditions are assumed

to be in equilibrium and planr concentrations are assumed to be in

equilibrium with soil concentrations.

Sometimes, plant concentrations are given for dry weight.

These values are usually converted by assuming a 752 (Ng et al. 1968) or

80% (Baker 1977) water content. Similarly, concentrations based on wet



soil have been converted to dry soil values by assuming a water content

of 107, (Baker 1977).

2 .1 AMI MAL PRODUCTS

The definition of animal transfer coefficients can best be

exemplified by the transfer coefficient to milk given by Ng et al.

(1968):

sm - W (CiF " » (2>

where f = transfer coefficient to milk (d/L),
In

specifically, that fraction of radioisotope i ingested

daily by the cow that is secreted per litre of milk

C.M = concentration of radioisotope i in railk (Bq/L)

C.p • concentration of radioisotope i in feed or forage (Bq/kg)

1 « daily intake of feed (kg/d).

Milk concentrations are assumed to be in equilibrium with con-

centrations in feed. Further, concentrations in feed and daily intake

of feed must both be based on either dry or wet weight. The daily

intake of feed (1) usually cancels in the equations used for calculating

concentrations in milk in assessment models (see Baker et al. 1976).

However, the inclusion of I in the definition of the transfer coeffi-

cient to milk makes this coefficient independent of the type of feed

utilized by cows. Thus, in ussessmeiiL models a single value for f can

be used for each radioisotope regardless of whether cows feed on fresh

grass, hay or a combination of the two.

The definitions of the transfer coefficients to beef (I ),

pork (f.j,), poultry (f._) and eggs (f._) are similar to the definition
Xir It* Xii

of the coefficient to milk given in equation (2). However, transfer
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coefficients to these animal products must be based • -a the average con-

centrations In animal parts or products used in the diet of mail.

Further, the units of these transfer coefficients are d/itg, since these

products are usually quantified in terms of mass and not volume. Feed

Ingestion rates for various farm animals can be found in Fletcher and

Dotson (1971), Baker (1977;, Ng et al. (1977), the USNRC 1.109 (1977)

guide and biological data books (e.g., Spector 1956).

3. THE EQUILIBRIUM ASSUMPTION CF TRANSFER COEFFICIENTS

One of the basic assumptions in the determination and applica-

tion of transfer coefficients ie that equilibrium conditions must be

met. This means that all opposing processes must have reached a state

of balance. This assumption is important because transfer coefficient

values arc- likely not Independent of time. Generally speaking, if a

plant or animal is suddenly exposed to chronically contaminated soil or

feed, transfer coefficient values increase rapidly until an equilibrium

is reached, as indicated by a stable plant or animal concentration

(Lengemann and Comar 1964; Nifontova et al. 1979). Thus it seems that,

in order to make realistic or conservative estimates, transfer coeffi-

cient values must be determined under equilibrium conditions.

First of all, soil conditions should be in complete equilib-

rium. Since soil processes involving radioisotopes can be extremely

slow (e.g., Squire and Middleton 1966), this may mean prolonged incuba-

tion of experimentally disturbed soils. If availability of an element

decreases over time, as has been demonstrated for texhnetium (Cataldo

1979), violation of the equilibrium assumption can result in unnecessarily

high plant/soil transfer coefficient values. If availability of an

element increases over time, as is the case for plutonium (Romney et al.

1970; Beckert and Au 1976), values may be underestimated. Both of these
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conditions are unsatisfactory. Actually, equilibrium conditions in

natural soils are probably difficult to specify because seasonal changes

and other disturbances may make equilibrium conditions a moving target

(Waller and Olson 1966).

Again, it is n t always easy to specify equilibrium concen-

trations for plants, because harvest may occur before equilibrium has

been reached and equilibrium concentrations may change over the various

life stages of plants (Stockbridge and Jenkins 1974). Thus, while

determining plant/soil transfer coefficients, it is important that

actual farming practices be simulated as closely as possible from plant-

ing through to food preparation. While this may not ensure equilibrium

conditions, J.t does result in realistic estimates. In some cases it iuay

actually be possible to determine equilibrium conditions (e.g., llandl

and KU hn 1980). This implies continuous monitoring of plant concentra-

tions over time by sampling from large experimental populations or by

sampling plant parts only.

The situation for transfer coeff ients to animal products is

very similar to that for plant/soil coefficients. The time required to

establish equilibrium concentrations in animal products it. a function of

the rates of intake, absorption, excretion and, in the case of radio-

isotopes, radioactive decay (Reichle et al. 1970). Equilibrium concen-

trations are difficult to determine except for milk and eggs which can

bo sampled non-destructively (e.g., Lengemann and Comar 1964). In the

case of meat products, realistic values can be obtained by simulating

actual farm practices.

Although definitions of transfer coefficients always specify

equilibrium conditions, this assumption is difficult to sscisfy. How-

ever, violations do not have severe consequences as long as transfer

coefficient values are based on realistic or conservative procedures.

In fact equilibrium plant or animal concentrations are not necessarily
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realistic, because they may occur at life stages when food products are

not utilized.

4. THE LINEARm ASSUMPTION OF TRANSFER COEFFICIENTS

4.1 PLANT/SOIL

A basic assumption In the determination and application of

plant/soil transfer coefficients is that, under rigidly defined and com-

parable conditions, the coefficient for a given element ii constant

regardless of soil concentration. This means that the graph of plant

versus soil concentration is assumed to be linear and passing through

the origin. The slope of this line Is the plant/soil transfer coeffi-

cient (equation (1)). Since plant and soil concentrations are not

strictly comparable, it is difficult to say when a plant actively con-

centrates or discriminates against an element. Further, not all of a

given element in the soil may be equally available to the plant (Schulz

et al. 1960; Davis 1963; Romney et al. 1970; Beckert and Au 1976;

Cataldo 1979). However, in terms of this discussion, elements with high

transfer coefficients can be regarded as being absorbed by plants to a

greater degree than those with low coefficients.

In order to arrive at meaningful values for transfer coeffi-

cients, it is important to know whether the linearity assumption is

reasonable for various elements and soil concentrations. Few data are

available on this topic and it is difficult to approach this problem in

terms or uptake and plant metabolism, because these are highly variable,

complex and frequently incompletely understood (Salisbury and Ross 1969;

Epstein 1972).
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The linearity assumption can be examined directly by comparing

transfer coefficient values based on different soil concentrations of an

isotope or element. Investigations by Sheppard (1980a, 1980b), using

published values for uranium and radium, yielded ambiguous results,

especially In comparisons Involving several plant species and soil

types, or a wide range of soil concentrations. Results of Mordberg et

al. (1972) and ïamamotû and Masuda (1974) lead to similar conclusions.

Schrcckhise and Cline (1980) noted that soil concentration had no effect
238 239 241 244

on transfer coefficient values for Pu, Pu, Am and Cm.

However, only two levels of soil concentrations, differing by about a

factor of 10, were used. Their results contrast with those of Wildung

ai.d Garland (1974), who observed an increase in relative uptake of

plutonium with decreasing soil concentration. This effect say have

resulted from a concentration-dependent change In plutonium availability

to plants or from a toxic effect of plutonium on plant* and subséquent

Inhibition of uptake. Apparently, transfer coefficient values for

Iodine and technetium are not linearly related to soil concentration

(Cline and Klepper 1975; Wildung et al. 1977; but see Paquette et al.

1980).

In view of the importance of the linearity assumption in the

determination and application of transfer coefficients, it is remarkable

how little attention this topic has attracted. Mordberg et al. (1972)

are a noteworthy exception, because they attempted to fit linear and

hyperbolic functions to transfer coefficient values based on different

soil concentrations of isotopes of the uranium-radium series. On the

whole, their data Indicate that the linearity assumption is reasonably

realistic. Unfortunately, the linearity assumption does not necessarily

lead to conservative transfer coefficient values and assessments.
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4.2 AHIMAL PRODUCTS

The linearity assumption also applies to transfer coefficients

to animal products. Thus, for a given element, the graph of the concen-

tration in an animal product versus the daily ingestion rate of radio-

isotopes (equation (2)) is assumed to be linear and passes through the

origin.

Although the uptake and metabolism of elements or isotopes in

mammals and birds are very complex, they can be described in general

terms (Ekman 1967; Reichle et al. 1970; Stava et al. 1971; Kitchings

et al. 1976). Ingested elements arc absorbed from the gastrointestinal

tract to a variable degree, usually expressed as a fixed percentage.

Absorbed elements then become distributed in the body. Most elements

reach Beveral types of tissues, organs or organ systems, that is, body

pools. Concentrations among these pools may vary greatly. Elements do

not build up indefinitely in the body becauBe of excretion, and in the

case of radioisotopes, decay. Excretion occurs mainly via feces and

urine, but milk and eggs can also be regarded as excretory products

contributing to the loss of elements. For many elements, retention can

be described in terms of an exponential function consisting of several

components. These have different exponents or half-lives. At least in

some cases, these half-lives correspond to different body pools. Clearly

then, equilibrium concentrations in animal products are a function of

the rates of ingestion, absorption, excretion and radioactive decay.

In terms of the linearity assumption, the question is whether

equilibrium concentratioas are a linear function of ingestion rate. Few

data are available. Correlational data from fallout studies (e.g.,

Linden and Gustaffson 1967; Farris et al. 1969) suggest that this is a

reasonable assumption. However, at high ingestion rates, physiological

processes such as absorption may become altered due to toxic effects,

resulting in a breakdown of the assumption. As in the case of plant/soil
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transfer coefficients, the linearity assumption for transfer coeffi-

cients to animal products le not necessarily conservative.

5.1

5. METHODS OF DETERMINATION OF TRANSFER COEFFICIENTS

MOSL of the methods for assigning plant and soil concentra-

tions of various elements were tabulated by Ng et al. (1968). These

methods reflect their desire to list typical or broadly applicable soil

and plant concentrations. Many or the procedures are indirect and

involve a variety of assumptions because of the limited data available.

While some of these procedures may seem outdated, they are still rele-

vant because mos'. of the currently used plant/soil transfer coefficients

were originally determined from these data, and may again become impor-

tant in the determination of site-specific values from incomplete data'.

Concentrations in typical agricultural soils were assigned by

Ng et al. (1968) using the following procedures:

1. Concentrations were assumed to be the average elemental con-

centrations repurted by Vinogradov (1959)•

2. Concentrations were assumed to be the minimum values found in

the literature.

3. When concentrations of an element in the most relevant organ

tissues of man (CO were known, and soil concentrations
a

unknown, the CB/C_ ratio was assumed to have a conservative
a b

value of 100.
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4. When plant concentrations were known, and soil concentrations

unknown, the plant/soiJ transfer coefficient (equation (1))

was assumed to have a conservative value.

5. For Inert gases the concentration was assumed to be that

attributed to the soil atmosphere. It was assumed that 25% ot

the soil by volume is made up of air. Air concentrations were

taken from the literature.

6. For all transplutonium elements, concentration was assumed to

be 10"30 Mg/g.

7. Concentrations were- estimated from known concentration.' in

soil-forming rocks.

8. Concentrations of some naturally occurrlr. < radiolsotopee wer .

estimated from that of the parent Isotope, assuming secular

equilibrium.

Minimum soil concentration estimates (method 2) result in con-

servative plant/soil transfer coefficients (see equation (1)). Clearly,

plant/soil transfer coefficients based on methods 3, 4, 6, 7 and 8 must

be used with caution.

Plant concentrations reported by Ng et al. (1968) are intended

to approximate the average elemental concentration in plant parts eaten

by man. The following methods were used:

1. Concentration were estimated from observed values quoted in

the literature.

2. The plant/soil transfer coefficients (equation (1)) were

assumed to have conservative values.
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3. For Inert gases the concentration was assumed to be equal to

the concentration in water. Water concentrations were taken

from measured values in the literature.

4. Concentrations were estimated on the basis of chemical and

biological similarities.

Methods 2 and 4 were sometimes combined. Clearly, plant/soil

transfer coefficients b^sed on methods ? and 4 must be used with caution.

It is important to note that plant/soil transfer coefficients

calculated from the data of Ng et al. (1968) are based on unrelated

elemental soil and plant concentrations; these coefficients may not,

therefore, be very accurate. Further, plant, and soil concentrations

were estimated by using a wide array of methods which vary greatly in

accuracy, and many soil types and plant rpecies are involved. Uncertain-

ties associated with soil and plant concentrations are compounded in

plant/soil transfer coefficients and in coefficients of animal products

calculated from these data.

Most recent estimates of plant/soil transfer coefficients are

based on experimental data from crops grown in the field or laboratory

and most of these studies involve radioactive tracers (e.g., Cataldo

1979; Hinds et al. 1979; Schreckhise and Cline 1980). Although tracer

studies usually involve closely related soil and plant samples, other

factors can affect the accuracy of estimates.

Normally, the addition of a tracer does not raise elemental

soil concentrations to such an extent that the linearity assumption

breaks down due to toxic effects. However, difficulties may arise if

the tracer is not absorbed or discriminated against to the same degree

as all the other isotopes of the same element in the soil. The tracer

must have the same spatial, distribution and physical and chemical form
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as all these other isotopes (see Nishita et al. 1978). In other words,

complete equilibrium must exist. The failure to reach equilibrium

conditions is not indicated by plant performance. Presumably, a consid-

erable portion of the variability in otherwise comparable transter

coefficients is due to the failure to reach complete equilibrium condi-

tions in the soil. On the whole, plant/soil transfer coefficients based

on elemental concentrations may meet equilibrium conditions better tha .

experimentally determined values.

Concentrations of radio! otopes can vary considerably among

various plant parts {Nishita et al. 1963; D'Souza and Mistry 1970;

CJine and Klepper 1975; Wildung et al. 1977). Therefore it is important

to base plant/soil transfer coefficients on those parts that are actually

consumed. It is also Important' to wash or peel in the usual manner the

plant parts eaten by man to remove radloisotopes which adhere to the

surface and which are not usually ingested.

In summary, determination of plant/soil --nsfer coefficients

can involve a wide variety of methods, with the best estimates probably

based on radioactive tracer elements. However, if these experiments do

not allow sufficient time for equilibration, estimates based on ele-

mental concentrations may be more accurate.

5.2 ANIMAL PRODUCTS

Methodologies for determining transfer coefficients are best

developed for milk. Most of these methods also apply to eggs, since

both milk and eggs can be sampled non-destructively. Fewer methods are

available for beef, pork and poultry because destructive sampling is

involved. However, there are some special methods available for these

meat products.



N(i et al. (1977) used six major methods for determining

transfer coefficients to m'.lk. Most of these methods arc best carried

nut with radioactive tracers.

1. in single-dose e.\j'erittientK , the* concent rat ion of an isotope

can be expressed mallwmal ical 1 y as a series of simple expo-

nential terms of the for'n:

F C M ( £ ) = t

where: FC (t) = milk concentration expressed as a fraction

of the total dose at times t (1/L)

t = time (d)

n = number u{ terms

A. « coefficient for the lth exponential term

'. = exponent for the ith exponential term.

These exponential terms may re-late to various body pools which

differ in the rate of absorption and elimination- If equa-

tion (3), which describes concentration as a function of time,

is integrated from zero to infinite time, the curve approaches

a value that represents the equilibrium concentration in milk

as if the single dose were the daily dose. This is the transfer

coefficient to milk (d/L), which is given by:

- A t
i.e dt (4)

i=l

2. In single-dose experiments, the proportion of the total acti-

vity recorded in milk divided by the litres of milk secreted
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daily (L/d) gives the transfer coefficient. This type of

experiment must be conducted for a long enough period so that

most of the recoverable activity will have been secretod.

3. When an isotope is fed daily to a cow, the concentration in

milk reaches a plateau. The concentration at the plateau

(Bq/L) divided by the daily dose (Bq/d) gives the transfer

coefficient.

4. When an isotope is fed continuously to a cow, the concentra-

tion in milk (Bq/L), divided by the product of the concentra-

tion in feed (Bq/kg) and the daily ingestion rate of feed

(kg/d), gives the transfer coefficient (see equation (2)).

This method is also practical with elemental concentrations.

Besides these four major methods for determining the transfer

coefficients to milk, Ng et al. (1977) used several methods involving

collateral information. As in the case of soil and plant concentra-

tions, these methods are important when relevant data are deficient or

nonexistent, but transfer coefficients based on these methods must be

used with caution.

5. Transfer coefficients were estimated on the basis of elemental

concentrations in milk other than cow's milk, and by applying

equation (2). To do so, appropriate ingestion rates and feed

concentrations must be known.

6. Transfer coefficients were estimated on the basis of chemical

and biological similarities.

Transfer coefficients to other animal products such as beef,

pork, poultry and eggs can be estimated by using methods 4, 5 and 6.

Coefficients o eggs can also be calculated by using methods 1, 2 and 3.
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Ng et al. (1979a) have indicated two additional methods for meat i rod-

uct6; the first of these can be used for beef, pork and poultry an! the

second is practical for poultry only.

?. '."en an animal is fed an isotope repeatedly or continuously,

the ratio of the total steady-state content in muscle (Bq),

and the daily intake of the isotope (Bq/d) divided by the mass

of the muscle (kg), gives the transfer coefficient.

8. When groups of chickens are fed a single dose of a tracer and

then are sacrificed periodically to obtain samples of tissues,

the time integral (d) of the concentration in muscle expressed

as a fraction of the total dose (I/kg) gives the transfer

coefficient. This me Iliad is analogous to method 1 described

for milk.

To facilitate the déterminât ion of transfer coefficients to

beef, pork and poultry, it would seem to be worthwile to study the atjt/

plasma ratio of concentrations of various elements. If the ratio is

relatively constant, the plasma concentration could be used as an index

of the meat concentration. This would allow non-destructive sampling,

and application of methods 2 and 3 for the determination of transfer

coefficients to beef, pork and poultry.

Although it seems desirable that transfer coefficients to

animal products be based on closely related samples, they can also be

computed from unrelated data. Thus, the elemental plant and meat con-

centrations tabulated by Ng et al. (1968) have been used to calculate

the USNRC 1.109 (1977) values for meat (see equation (?)). These trans-

fer coefficients are for beef since they are based on a feed ingestion

rate of 50 kg (wet weight)/d.
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The average elemental meat concentrations listed by Ng et al.

(1966) are based on the following procedures:

1. Concentrations were estimated from observed values for meats,

such as beef, pork, mutton, and fowl, reported in the litera-

ture.

2. Concentrations were assumed to be equal to the concentration

in beef heart reported in the literature.

3. Concentrations were based on known total bojy concentrations

of various animals.

4. Concentrations were assumed to be 100 times the concentration

in soil,

5. For inert gases th» concentration was assumed to be equal to

the concentration in water. Water concentrations were taken

from measured values quoted in the literature.

6. Mien soil concentrations of an element were known and meat

concentrations were unknown, the meat concentrations were

based on conservative estimates of the meat-to-soil concentra-

tion ratio.

7. Concentrations were estimated on the basis of chemical and

biological similarities.

Methods 6 and 7 were sometimes combined. Clearly, meat con-

centrations based on methods 4, 6 and 7 may not be very accurate.

Transfer coefficients to meat based on meat concentrations established

by methods 1, 2 and 3 may also not be very accur.ite. For some elements,
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transfer coefficients to beef, pork, lamb and poultry can vary by as

much as two orders of magnitude (Ng et al. 1979a) and, for certain

elements, concentrations can vary greatly among various tissues (Ekman

1967; KredrlkBBon ec al. 1966).

There are many methods, with widely differing degrees of

accuracy, available for determining transfer coefficients to animal

products. The best methods are those involving radioactive tracers.

However, methods based on elemental concentrations of closely related

samples can also result in accurate estimates.

6. VARIABILITY OF TRANSFER COEFFICIENTS

6.1 1SOTOPK DimiRKNCKS

Orten no distinction is made between transfer coefficients

based on stable and on radioactive isotopes. This is true for FOOD

(Baker et al. 1976) and the USNRC 1.109 (1977) values. This lack of

distinction is based on the assumption that all isotopes of a given

element behave essentially the same way in the soil and in biological

systems. However, there are several reasons why different isotopes of a

given element may result in different transfer coefficients O'k.srJk et

al. 1979):

1. Isotopes vary in mass and this may affect their behaviour in

the soil, plants or animals.

2. Decay energy and specific activity may affect ejectior of

chemically bound or sorbed isotopes. This in turn could

affect environmental mobility.



- 19 -

i. Decay energy and specific activity may affect Che oxidation

btate, which is important In determining environmental mobil-

ity.

4. .n tracer scudies involving r.'dioisotopes, delays imposed by

methodologies can cause variability in transfer coefficient

values due to differences in half-livss. Decay due to such

delays can in most cases be readily taken into account.

However, in animals, additional time delays may be involved

due to biological factors, since transfer is not instantaneous

(Ng et al. 1977). These time delays can also impose varia-

bility on transfer coefficients due to differences in radio-

logical half-lives.

Effects of mass differences among isotopes of a given element

are generally thought to be very small. These effects should depend on

the relative magnitude of mass difference (Laidler 1965). Thus, the

effects should be greatest in the lighter elements, while in the heavier

elements they should be negligible. Effects due to mass differences

should be mainly kinetic.

Differential ejection of chemically bound or sorbed isotopes

is usually thought to be unimportant (Tkacik et J1. 1979). Oxidation

states are very important in determining environmental mobility and

isotopic differences in environmental mobility have been suggested, but

not unequivocally established (Nishita et al. 1978). This suggests that

isotopes of a ?,iven element may not have strongly differential tendencies

to form certain oxidation stages.

Depending on the methods of determination, transfer coeffi-

cients to animal products can be affected by the type of radioisotope.

As demonstrated by Ng et al. (1977), transfer coefficients of various

isotopes of a given element can be distinguished on the basis of the

effective elimination rate, which is ~iven by:
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where '.. = effective elimination r,itc of r.i'Jioi isotope i (1/d)

T •= radiological half-life of radioisotope i (d)

T = element-specific biological half-life (d).

Thus, for a given element, stable isotopes have the highest

transfer coefficient values, and assignment of these values to all the

other isotopes of a given element is a conservative practice. Ng at al.

(197') have discussed this problem for transfer coefficients to milk,

and published coefficients for stable and radioactive isotopes. For

most elements, isotope-specific transfer coefficient value.- vary by less

than one order of magnitude.

In summary, isotopic differences do not t>eem to be very impor-

tant in plant/soil transfer coefficients. However, they may influence

transfer coefficient values to animal products significantly.

6.2 SOIL SPECIFICITY

A number of soil processes and parameters are known to affect

plant/soil transfer coefficients in a complex manner (Schulz 1965;

Nishita et al. 1965; Nishita and Essington 1967; Nishita et al. 1978;

Ames and Rai 1978) . The major factor governing the availability of

elements to plants is their solubility in the soil matrix, since in

general, plants absorb only dissolved elements (Menzel 1965; Nishita et

al. 1978). ioil properties, soil processes and the form in which eie.i>pnts

are deposited interact to determine solubility. These topics can only

be meaningfully discussed in terms of specific elements or radioisotopes

(e.g., Romney et al. 1957; Schulz et al. 1960; Squire and Middleton

1966; Little and Whicker 1978; Sheppard 1980a, 1980b). While this is

beyond the scope of this report, it is important to obtain at least a
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rough indication of the effect of different soil types on the magnitude

of plant/soil transfer coefficients, to ensure proper application of

equilibrium assessment models.

Ng et al. (1979a) have accumulated comparable Sr and Cs

plant/soil transfer coefficients for 13 crop types grown in sandy loam
90

and in clay loam. For Sr the lowest and highest values differ by a

factor of 65 and for Cs, by a factor of 44. Fredriksson et al.

(1966) presented similar data on Cs based on rape and eight extremely

variable soils. The maximum and minimum values differed by about a

factor of 100. The variability indicated by other studies, which repre-

sent a wide variety of radioisotopes, soils and plants, falls well

within this range (e.g., Romney et al. 1957; Evans and Dekker 1966;

Nishita et al. 1965; Kiichn.ann et al. 1969; Mistry and Bhujbal 1973;

achulz et al. 1976; Routson and Cataldo 1977). Thus, pending detailed

reviews of individual radioisotopes or elements, plant/soil transfer

coefficient values for Individual radioisotopes based on various soil

types can be assumed to vary by up to two orders of magnitude.

6.3 PLANT SPECIFICITY

Several plant characteristics are known to affect pl

transfer coefficient values. The most important of these are the type

of root system and root physiology (Nishita et al. 1978). The type of

root system is important because elements are usually distributed non-

randomly in the soil. Root physiology determines absorption and secre-

tion of ions. It may also affect soil solubility of elements. Another

important factor is the type of plant part utilized in the diet, since

elements are usually distributed nonrandomly within plants. Most of

these topics are difficult to discuss in a general way. However, to

ensure proper application of equilibrium assessment nodels, it is impor-

tant to obtain a rough indication of the variability of comparable

plant/soil transfer coefficients of various species of plants.
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Ng et al. (1979a) have listed transfer coefficient values for
90Sr, 106Ru, 1 2 9 I , 137Cs, 14ACe, 239Pu and 238'241Am for corn, soyabeans,

wheat, barley, tomatoes, cabbage, sweet corn, snap beans, potatoes and

hay. The lowest and highest values for each of the crop types vary by

factors of 65, 150, 26, 35, 90, 20 and 53, respectively. Thus, con-

siderable variation in plant/soil transfer coefficient values Is Indi-

cated. The variability suggested by other studies, which represent a

wide variety of radioisotopes, plants and soils, falls within the same

range (e.g., Popova et al. 1964; Nishita et al. 1965; Farris et al.

1969; Kirchioann et al. 1969; Cline and Klepper 1975; McLendon et al.

1976; Myers et al. 1976; Moffet and Tellier 1977; Routson and Cataldo

1977; Schreckhise and Cline 1980). However, an extensive review by

McDowell-Boyer et al. (1979) of the values

bility of up to three orders of magnitude.

McDowell-Boyer et al. (1979) of the values for Ra suggests a varia-

Plant/soil transfer coefficients for individual radloisotopes

or elements based on various plant species can be assumed to vary by as

much as two or three orders of magnitude. However, one of the problems

in estimating variability due to a single factor is that such estimates

usually involve contributions from several uncontrolled factors. This

makes it very difficult to assign all the observed variability unambig-

uously.

6.4 CHEMICAL FORM

The chemical form in which tracers are added to the soil

determines to an appreciable extent soil solubility and the magnitude of

the plant/soil transfer coefficient (see Menzel 1965; Schulz 1965;

Nishita et al. 1978). This is particularly true for those elements

which can exist in a variety of oxidation states (Sheppard 1980a; but see

Tkacik et al. 1979).
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Schulz et al. (1976) determined plant/soil transfer coeffi-
239 240 241

clents for ' Fu and Am for wheat In fine sandy loam and loam.

Both plutonium and americium were introduced in dilute chloride and

nitrate solutions. Transfer coefficients within elements among the two

soil types varied by as much as a factor of seven, but transfer coeffi-

cients within soil types among chemical forms of ' Pu and Am

varied by not more than a factor of two. These results seem to be

fairly typical for radioisotopes used to determine plant/soil transfer

coefficients.

The chemical form of tracers used in the study of animal

transfer coefficients can also affect the magnitude of these coeffi-

cients. This has been studied most extensively in the case of transfer

coefficients to milk.

Ng et al. (1977) have tabulated data for mercury, polonium and

plutonium which allow comparisons of transfer coefficients to milk based

on tracers of different chemical form. The coefficient for plutonium

citrate is about 40 times as large as that for plutonium dioxide.

Similarly, the transfer coefficient values for mercury vary by a factor

of 40, and those for polonium by less than a factor of three. Bretthauer

et al. (1972) have investigated milk transfer of iodine using four

different chemical forms. There were no significant differences in

transfer among the four compounds tested.

Ng et al. (1979b) have listed transfer coefficients to milk

for 15 elements (Na, P, S, Ca, Cr, Mn, Fe, Co, Zn, Se, Rb, Sr, Mo, Ba

and Pb) based on elemental concentrations in milk and associated feed

and on radioactive tracer studies. On the average, values of transfer

coefficients based on elemental concentrations are about five times as

great as those based on radioactive tracers. These data suggest that

the biological availability of naturally occurring elements may be

greater than that of the corresponding radioactive tracers. However,
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this may also relate to the fact that tracer studies usually involve

closed systems in which depleted isotopes are not replenished.

In summary, comparable transfer coefficients to animal prod-

ucts may vary by up to one or two orders of magnitude due to the chemical

form of tracers. Presumably, variability of transfer coefficients to

beef, pork, poultry and eggs is similar to that to milk.

6.5 PHYSICAL FORM

Biological availability may depend on the physical as well as

on the chemical form of elements (Ng et al., 1977). Many of the cur-

rently used transfer coefficients relate to radioisotopes present in

debris from underground or atmospheric nuclear tests. Comparable trans-

fer coefficients based on tracers, fission product clouds, worldwide

fallout and underground-test debris may vary considerably, independent

of chemical form.

For arsenic, which shows the greatest variability in transfer

coefficient: values for milk of a series of elements listed by Ng et al.

1977), estimates baaed on tracers and underground-test debris vary by a

factor of 40. For most of the other elements variability Is considerably

less. Thus, it can be concluded that transfer coefficient values based

on different physical forms of elements usually differ by about one or

two orders of magnitude. Presumably, this also applies to plant/soil

transfer coefficients and to coefficients to animal products other than

milk.

7. GENERIC VERSUS SITE-SPECIFIC VALUES

Soil and plant specificity of transfer coefficients compromise

the concept of generalized values to predict the entry of radioisotopes
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from soil to crops. In the extreme, plant/soil transfer coefficients

for various combinations of soil and plants may well vary by at least

four orders of magnitude. Additional variability may be caused by

differences in chemical and physical forms of tracers.

Independent of the variability imposed by soil and plant

specificity, generalized transfer coefficients to animal products are

much less subject to this criticism. Many terrestrial food chain models

use specific transfer coefficients to beef, pork, poultry, milk and

eggs. Variability of transfer coefficients among breeds of domestic

animals seems to be unimportant (Brectnauer et al. 1972). However,

variability could be increased greatly if coefficients to pork or beef

are applied to lamb (Ng et al. 1979b), or coefficients to cow's milk are

applied to goat's milk (Hoffman 1978). The major source of variability

of transfer coefficients to animal products relates to the methods used

in determining these values. Thus, differences in the half-life and

chemical and physical forms of radioactive tracers may amount to a

variability of about two orders of magnitude.

Strictly speaking, transfer coefficients should be site-

specific; they should take into consideration soil conditions and crop

types, as well as the chemical and physical form of elements. The u'2

of site-specific plant/soil transfer coefficients is perhaps more im-

portant than the use of site-specific transfer coefficients to animal

products because plant/soil transfer coefficients are much more vari-

able. Further, errors associated with plant/soil transfer coefficients

may carry over to animal products. It is not always possible, unfortu-

nately, to use site-specific coefficients because the determination of

such values is a very complex task.

One solution to this dilemma is to use only the most conserva-

tive estimates available. While this may guard against under estimation,
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caution is needed since concentrations in food p.oductr. could be

overestimated by four to six orders of magnitude.

Ng et al. (1977) have recently attempted to select the beet

transfer coefficient to milk for each element from the literature. To

do so, they synthesized a single average value for each element from the

available data. For elements with sufficient tracer data, they computed

an average for the tracer with the most entries. The average was based

on the arithmetic mean, if the maxlaum and minimum values differed by

less than an order of magnitude; if they differed by more, the average

was based on the geometric mean. For elements for which average values

were estimated from elemental concentrations in milk and feed, the

geometric and the arithmetic means were first calculated from the avail-

able data. Since a comparison of the geometric and arithmetic means

suggested neither great deviations nor any systematic trends, the

arithmetic mean was used for all elements. While the values of Ng et

al. (1977) may not be completely satisfactory, they are based on reason-

able procedures and a comprehensive data base. Thus, these values are

probably the best generic transfer coefficients to milk currently

available.

It can not always be assumed that site-specific transfer

coefficients result in more accurate estimates than generic values. The

latter are usually average values calculated from as broad a data base

as possible so that sampling error is reduced as far as possible. This

may not be the case for site-specific values if they are based on only a

few determinations. The sampling error associated with such values may

be far greater than that of generic values based on more observations.

Judging from recent developments (Ng et al. 1979a, 1979b;

Hoffman et al. 1979), generic transfer coefficients will continue to

play an important role in the environmental assessment of radioisotopes.

This is especially true for long-term waste management assessments, in



- 27 -

which uncertainties imposed by long time spans do not allow detailed

specification of site conditions. However, the single plant/soil trans-

fer coefficient for each element may well have to be replaced by specific

values for main crops, which are conservative for most agricultural

soils (Ng et al. 1979b). The trend will probably not be towards specific

values for each soil type, which are conservative for most crops. This

is presumably due to the lower diversity of crops and the fact that

crops can be classified much more readily than soils.

8. STATISTICAL ASPECTS OF TRANSFER COEFFICIENTS

In the absence of statistics, generic transfer coefficients

and a variety of related topics are difficult to evaluate objectively.

As implied by Hoffman et al. (1979), statistics have had a poor record

in the transfer coefficient literaturs. Frequently, sample sizes are

small or not specified at all, and no meaningful measure of variation is

indicated.

Recently, while examining uncertainties in radiological

models, Hoffman (1979) and Little (1979) investigated the statistical

distribution of transfer coefficients. It has long been recognized that

the frequency distribution of many ecological contaminants is not

normal, but positively skewed (Eberhardt 1976). Unfortunately, the

statistical evaluation of the fit of an observed to an expected frequency

distribution usually requires at least 30 or more independent observa-

tions. None of the transfer coefficients meet this requirement.

Hoffman (1979) and Little (1979) plotted comparable transfer

coefficient values reported in the literature on log-normal probability

paper to examine the assumption of log-normality. If a straight line

reasonably fitted the plotted data, the assumption of a log-normal
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distribution was determined to be feasible. However, even this graphic

method should Involve at least ten or more observations. Thus, few

transfer coefficients qualify. Those tested Included the transfer

coefficients to milk for strontium, iodine and cesium and the coeffi-

cient to beef for cesium. All these transfer coefficients had approxi-

mately log-normal distributions.

If these results apply to transfer coefficients in general,

they have Important consequences. For a variable X that is normally

distributed, the arithmetic mean (X), the median (X ) and the mode (X )
m p

are all equal. For a log-normal distribution, all three values are

different. These three values are given by

Xp - exp(Xt - S*) (6)

Xm - exp(Xt) (7)

X - exp(Xt + S*/2) (8)

where X » arithmetic mean of the log-transformed values

S - variance of the log-transformed values.

For log-normal distributions, the most representative value is

the median (Snedecor and Cochran 1967). ThuB, if the log-normal

assumption holds, generic transfer coefficients should be median values.

9. USE OF TRANSFER COEFFICIENTS

The accuracy of transfer coefficient values has little meaning

if they are not used appropriated. In order to ensure proper applica-

tion, it is important to remember for what, and how, these values were

determined.
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In general, transfer coefficients determined under equilibrium

conditions can be directly utilized in equilibrium-assessment models

such as FOOD (Baker et al. 1976) and the USNRC 1.109 (197?) model.

These models, together with the transfer coefficients, can then be

applied to situations which can be assumed to be in equilibrium. In

practice, this assumption is usually difficult to meet. Thus, effects

of deviations from equilibrium conditions on model predictions should

always be explored.

Meaningful application of transfer coefficients demands that

the linearity assumption is not violated. Thus, elemental concentra-

tions based on natural and added isotopes should not exceed levels

commonly encountered in soils. In practice, they should not reach

radiological or chemical toxlcity levels. The elemental soil concentra-

tions published by Ng et al. (1968) may serve as a useful guide to

average elemental concentrations.

Plant/soil transfer coefficients apply to agricultural crops

and soils. While generic transfer coefficients may be the best values

available for other types of plants and soils, they must be applied with

caution. Applications beyond the data base are generally invalid.

Similarly, transfer coefficients to animal products should not be

applied indiscriminately to other than the intended food types. Such

applications may be encouraged by the fact that it is very easy to

increase the complexity of terrestrial food chain models by increasing

the number of food typos, but much more difficult to obtain meaningful

parameters for these additional pathways. Thus, increased model com-

plexity does not necessarily increase accuracy (O'Neill 1971).

Generic transfer coefficients should not be modified to make

them more representative for specific sites. In particular, higher than

average elemental soil concentrations are not a justification for

reducing transfer coefficients due to dilution of radioactive contami-

nants. At least in some radioisotopes, transfer coefficients increase



- 30 -

with higher elemental soil and feed concentrations (Cline and Klepper

1975; Lengemann and Comar, 1964). Generic transfer coefficients should

only be modified after first examining their entire data base and

excluding unrepresentative data, and then calculating revised values.

10. SOURCES OF CURRENTLY USED TRANSFER COEFFICIENT VALUES

The first comprehensive set of transfer coefficients was tabu-

lt"ed by Ng et al. (1968). This classic document contains extensive

lists of elemental concentrations in agricultural soil, plants and meat

and of elemental transfer coefficients t.< milk. These data are still

utilized today in several terrestrial food chain models.

The HERMES code (Fletcher and Dotson 1971) made extensive use

of the data tabulated by Ng et al. (1968). Most of the plant/soil

transfer coefficients were calculated from these data. Thus, these

transfer coefficients are simply ratios of independently determined

elemental concentrations in plants and soils. Plant/soil transfer

coefficients for hydrogen, iron, ruthenium, cesium and cerium were based

on values of measured concentrations found in the literature. Values

for strontium were based on local calcium and strontium soil concentra-

tions.

Most of the transfer coefficients to milk used in the HERMES

code were taken from Ng et al. (1968). However, transfer coefficients

for zinc, strontium, iodine and cesium were based on median values found

In other literature. When HERMES was conceived, little information was

available on transfer coefficients to beef, pork, poultry and eggs

except for strontium, iodine and cesium. Consequently, many of these

animal-product transfer coefficients were based on approximations made

on the basis of chemical and biological similarities with elements or
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radioisotopes for which data were available. Curiously enough, no use

was made in HERMES of the elemental concentrations in meat given by Ng

et al. (1968). In view of the limittd data available on transfer

coefficients to animal products, the HERMES code probably involved too

many different food types.

FOOD (Baker et al. 1976) was derived from HERMES. FOOD includes

transfer coefficients for many more elements than does HERMES, but

transfer coefficients used in FOOD were derived in a similar manner to

those used in HERMES. Thus, many values are identical. However, the

transfer coefficients to milk, taken from Ng et al. (1968), were halved,

since Ng's values are maxima of worst-case estimates. Further, several

transfer coefficients were guesstimated due to the lack of relevant

data. These include transfer coefficients to beef, pork and poultry for

nitrogen, fluorine, chromium, rubidium, technetium, silver, antimony,

tungsten, lead, bismuth, polonium and radium, and transfer coefficients

to eggs for scandium, chromium, technetium and antimony.

A year after the publication of FOOD, a user guide was issued

(Baker 1977) which included an updated list of all the transfer coef-

ficients. In this list about 22% of the plant/soil transfer coeffi-

cients were revised and 26% of the transfer coefficients to milk, 40% of

those to beef, 49% of those to pork, 37% of those to poultry, and 47% of

those to eggs. None of these revisions were documented. Presumably,

most of them were based on newly published information. Most of the

transfer coefficients guesstimated eatlier were revised.

FOOD II (Zach 1978) was derived from FOOD. Essentially,

FOOD II uses the revised transfer coefficient file of FOOD (Baker 1977).

However, all the transfer coefficients to milk were taken from Ng et al.

(1977). In the latter publication, a completely revised list of transfer

coefficients to milk was issued which superseded all their previous

values (Ng et al. 1968). FOOD II also includes transfer coefficients
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for thallium, astatine and franciura. The plant/soil transfer coeffi-

cients for these elements are based on data provided by Ng et al. (1968).

However, values for transfer coefficients to beef, pork, poultry and

eggs have not been specified.

All of the USNRC 1.109 (1977) plant/soil transfer coeffi-

cients, and virtually all of the transfer coefficients to milk and meat,

were directly derived from Ng et al. (1968). Thu;, all of the plant/

soil transfer coefficients are ratios of independently determined ele-

mental plant and soil concentrations. With the exception of hydrogen,

sodium, strontium, cesium, barium and cerium, all the transfer coeffi-

cients to milk are those calculated by Ng et al. (1968). The same is

true for the transfer coefficients to meat, except for the value for

neptunium. It is interesting to note that USNRC 1.109 (1977) plant/soil

transfer coefficients and the values for meat are based on tlie same set

of elemental plant concentrations. Recently, NK et al. (1979a) have

recommended extensive changes to the USNRC 1.109 (1977) list of transfer

coefficients.

All of the currently used comprehensive files of generic

transfer coefficients are similar. This is at least partly due to the

common data base and the heavy reliance on the values published by Ng

and his co-workers. In general, transfer coefficient files have become

more comprehensive due to the inclusion of values for more elements or

radioisotopes. This is largely the result of the growing interest in

long-term waste management, as opposed to routine reactor assessment

only. Determination of transfer coefficients is a very active field of

research, and new values are being continuously published and existing

values revised.
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Transfer coefficients should be revised as better values

become available. This has in fact been a consistent practice. Thus,

37% of the original transfer coefficients of FOOD (Baker et al. 1976)

were changed in a period of one year (Baker 1977). Similarly, 79% of

the transfer coefficients to milk originally issued by Ng et al. (1968)

were changed over a period of nine years (Ng ft al. 1977). As examples,

the transfer coefficient for strontium was changed from 0.003 to 0.0014,

that for iodine from 0.02 co Û.O099 and that for cesium from 0.014 to

0.0071. These results arc interesting because ilie environmental mobil-

ity of strontium, iodine ,̂ nd cesium was thought to be well understood in

1968. However, these downward revisions noi only reflect an ircreane in

data, but also a change in emphasis in the environmental modelling of

radioisotopes from conservât ism to realism (Ng et al. 1V77; Hoffman cl

al. 1979). Presumably, the frequency and magnitude of changes in the

values of transfer coefficients will diminish with time.

It is important to have objective criteria for changing values

of transfer coefficients. However, since the data base for various

transfer coefficients varies qualitatively and quantitatively, it is

difficult to adopt uniform procedures. Ng et al. (1979a) recommended

changes in cases where the new estimates are wt-11 substantiated, not

overly dependent on chemical form, and different from the old values by

a factor of two or more. These criteria appear reasonable, although the

difference could be reduced between an old and a new value necessary

before a change is made. However, this criterion should not be elimi-

nated completely because it prevents inconsequential stochastic changes

in values.

In most cases, newly published values should not be directly

compared with currently used values to decide on changes. These new
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coefficient. Thus, the comparison should be carried out between the

currently used transfer coefficient and an averuge estimate of the

revised coefficient, based on the expanded data base.

12. ESTABLISHMENT AND MAINTENANCE OF TRANSFER COEFFICIENT FILES

Comprehensive data files of generic transfer coefficients have

been available for more than ten years and currently used values are

based on data published during the last 30 to 40 years. This is a vast

amount of Information and, since this is an active field of research,

new data become available continuously.

Transfer coefficients based on new data cannot always be

meaningfully compared with currently used values, because the latter are

usually average estimates of unknown error. Thus, there are two basic

methods for establishing and maintaining transfer coefficient files:

(1) implementation of comprehensive data files on which currently used

values are based and continuous updating of these files, and (2)

adopting published coefficients. To the extent that the data base and

procedures are identical, these approaches are actually equivalent.

Establishment of comprehensive files demands computerization,

which entails reading, evaluating and coding of all of the existing

information. To allow for efficient use of this information, a system

of recall must then be devised. Ng's group at the Lawrence Livennore

Laboratory has established and is maintaining such a system. The second

method is much simpler and is more commonly employed. In essence, it

amounts to adopting values published by Ng's and other groups. Thus,

many existing files of currently used transfer coefficients are rather

similar.
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For the newcomer in the field, it is probably best to use a

mixed approach by accepting currently used values and by monitoring ali

the new information as it is published. On the basis of this new infor-

mation, existing transfer coefficient values can then be challenged

(e.g., Hoffman 1978; Till et al. 1978). Subsequently, values can be

changed if warranted. While this approach may not be completely satis-

factory, it is practical because it saves a great deal of time and

avoids much duplication of effort. Further, values obtained in this way

have met common acceptance after peer review and can thus be readily

defended. In fact, in most instances they also have been adopted by

regulatory agencies.

13. FUTURE DEVELOPMENTS IN TRANSFER COEFFICIENTS

Transfer coefficients have frequently been criticised because

they are based on the "black-box" approach and are not concerned with

detailed processes. Thus, in terms of transfer coefficients to plants,

the concern is with soil and plant concentrations and not with the

processes and parameters important in the availability and uptake of

elements by plants from the soil. As noted by Reichle et al. (1970),

there is no lack of mathematical techniques of systems analysis but

rather a lack of sufficiently detailed and widely representative radio-

ecological data.

Most ecological models "nvolve black boxes and, as time pro-

ceeds, these boxes tend to become smaller and smaller as understanding

of the various processes improves. Tb̂ e use of black boxes is expedient

because systems can be investigated without understanding all of the

processes. This is especially important in environmental assessments

which frequently cannot wait for detailed understanding of all the

underlying processes, although such an understanding is highly desirable.
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The question is then whether significant gains In the understanding of

radioisotopes In food chains can only be made by Investigating transfer

coefficients in more detail, rather than by determining better generic

or more site-specific values.

Recently, van Dorp et al. (1979) have proposed a reasonable

and more detailed approach to plant/soil transfer coefficients, which

involves plant and soil parameters with physical meaning. This approach

is also significant because site specificity is dealt with by changing

one or more parameters, and allowance is made for all the Isotopes of a

given element in the soil. The approach involves three calculations:

(1) soil concentration, (2) uptake by plant and (3) concentration in

edible parts of plant.

The concentration of a radioisotope in the soil solution from

the total amount of the radioisotope in the soil is given by:

c g l = ct/ (D • (e + p • Kd>) do)

where C . = concentration in soil solution (Bq/mL)sX

Ct » total amount of radioisotope in the soil per unit surface
2

area and depth L (Bq/cm )

D = depth of rooting zone (cm)

8 = water content of the soil (mL/cm )

p = bulk density of the soil (g/cm )

K, = Bq adsorbed per g soil/Bq dissolved per mL of solution

(mL/g).

The total uptake by a plant is given by:

U = S • TC • C • ft (11)
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where U » uptake (Bq per plant)

S = selectivity coefficient

TC - transpiration coefficient (mL water transpired per g

of dry matter produced)

P » total production in dry matter (g) per cm surface area

per year.

by:

where

The concentration in the edible parts of the plant is given

ep
U/P

ep
(12)

C • concentration of the radioisotope in che edible parts of

the plant (Bq per g dry matter)

F - fraction of absorbed radioisotope transported in the

plant to the edible parts

ep
production of edible plant material (g dry «eight per cm

of surface area per year).

As pointed out by van Dorp et al. (1979), this approach is

also an oversimplification and several parameters are black boxes.

Further, K values are soil- and element-specific and selectivity coef-

ficients are plant- and element-specific. Thus, for relatively little

gain, a vast amount of research effort is required. Unfortunately, this

type of approach represents a quantum step because only a very small

amount of the existing data on transfer coefficients can be utilized.

It appears likely that many of the currently used generic

transfer coefficients are not very accurate. Assessments can, therefore,

be improved more quickly and efficiently by improving these values and,

if necessary, by determining site-specific transfer coefficients.
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Approaches may alsn be developed which allow propagation of variability

of transfer coefficient values through assessment models. However, the

time will come when the traditional concept of transfer coefficients

will impose a limit on improvements, and this will be the signal for a

switch to alternative approaches.

14. CONCLUSION

A wide variety of methods have been used to determine transfer

coefficients. These range from estimates based on elemental concentra-

tions of unrelated samples to sophisticated radioactive tracer studies.

In most of these investigations, little attention has been paid to the

central concept of transfer coefficients, that is, equilibrium conditions

and the assumption of linearity over a wide range of contamination

levels.

Although definitions of transfer coefficients specify equili-

brium conditions, this assumption is difficult to satisfy. However,

violations do not have serious consequences as long as transfer coeffi-

cient values are based on realistic procedures, equilibrium plant and

animal concentrations are not necessarily realistic, because they ni3y

occur at life stages when food products are not utilized.

The linearity assumption has received remarkably little atten-

tion and it is difficult to reach any firm conclusions. On the whole,

this assumption may be reasonable at relatively low concentrations when

chemical and radiological toxicity effects are unimportant. Unfortu-

nately, the linearity assumption is not necessarily conservative.

Transfer coefficients are subject to many sources of varia-

bility. These include: soil and plant specificity, differences in
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methods of determination, and differences in the radiological half-lives

and the chemical and physical forms of tracers. These sources may add

up to a variability of several orders of magnitude. In general, plant/

soil transfer coefficients are more variable than transfer coefficients

to animal products. Thus, future developments are likely towards crop-

specific transfer coefficients which are conservative for most agricul-

tural soils.

Although site-specific transfer coefficients are highly desir-

able, generic values will remain important because the determination of

transfer coefficients is a very inv lived task. Further, site-specific

values btsed on a limited number of determinations may be less accurate

than generic values due to larger sampling errors. Generic values may

also be more suitable to long-term waste management assessments in

which site conditions are difficult to specify.

The determination of generic transfer coefficients has been

severely hampered by the lack of statistical treatment. Recently, it

has been shown that values of several transfer coefficients are log-

normally distributed. This suggests that generic transfer coefficients

should be median values.

Most of the currently used comprehensive files of transfer

coefficient values are closely related. This is at least partly due to

the common data base and the similarity of procedures used to determine

them. However, the most important factor is the heavy reliance on the

concentration and transfer coefficient values published by Ng and co-

workers of the Lawrence Livermore Laboratory.

Currently used transfer coefficient values are based on a very

large amount of data. Thus, the establishment and maintenance of trans-

fer coefficient files demand a comprehensive, computerized data storage

and retrieval system. Alternatively, currently used values, which are
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based on a common consensus, can simply be used and then challenged and

changed if warranted. If values are to be changed, it is important to

recognize that generic values are average estimates and thus direct

comparisons of single estimates with generic values must be made with

Currently used transfer coefficients are based on the black-

box approach and not concerned with detailed processes. It is not

likely that this concept will be replaced in the near future because

movement towards a process-oriented approach involves the determination

of a number of new parameters and little of the existing information can

be utilized. If thus represents a quantum step which does not yet seem

Co be justified for assessment purposes.

Transfer coefficients have served well in environmental assess-

ments and, besides the determination of better generic and Bite-specific

values, exciting new developments are taking place. These are mainly

concerned with the propagation of the variability of transfer coefficient

values through food chain assessment models by using analytic or simula-

tion techniques. Thus, in the future, knowledge of the distribution of

transfer coefficient values will become very important.
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