
PREPRINT UCRL- 8 1 6 4 0 

Lawrence Uvermore Laboratory 
TRANSFER COEFFICIENTS FOR TERRESTRIAL FOODCHAIN - THEIR DERIVATION AND 
LIMITATIONS 

Y.C. Ng, C.S. Colsher, and S.E. Thompson 

M;i re h 3 0, l'J7<) 

Environmental Sciences Division 

This paper was presented at the 12th Annual Con Terence of 
the German-Swiss Fachverband fur Strahlenschultz, ifordern. 
Federal Republic of Germany, 2-6 October 1978. 

This is a preprint of a paper intended for publication in a journal or proceedings Since changer may be made 
before publication, this preprint is made available with the understanding that it will not be cited or reproduced 
without the permission of the author. 

Z) 



TRANSFER COEFFICIENTS FOR TERRESTRIAL FOODCHAIN -

THEIR DERIVATION AND LIMITATIONS* 

Y.C. Ng, C.S. Colsher, and S.E. Thompso 

Environmental Sciences Division 

Lawrence Livermore Laboratory 

University of California 

Livermore, California, % 5 S 0 , U.S.A. 

Abstract 

Transfer coefficients to predict the passage of isotopes from the 

environment to terrestrial foods have been derived for various 

radionuclides of importance in the nuclear fuel cycle. These data 

update and extend previously recommended handbook values. We derive 

transfer coefficients to terrestrial foods and describe the systematics 

of the derived transfer coefficients. Suggestions are offered for 

changes in the values of transfer coefficients to terrestrial foods that 

now appear in federal regulatory guides. Deficiencies in our pre cent 

Work performed under the auspices of the U.S. Department of Energy by 
the Lawrence Ltvermore Laboratory under contract number W-7405-ENG-48. 
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knowledge concerning transefer coefficients and limitations in the use 

of these values to ensure compliance with radiation protection standards 

are discussed. 

1. Introduction 

Transfer factors to predict the environmental transport of 

radionuclides through terrestrial foodchains to man have been derived 

for radionuclides associated with the nuclear fuel cycle. These data 

update ar.d extend previously recommended handbook values and lead to 

suggested changes in those listed in regulatory guides such as 

Regulatory Guide 1.109 of the U.S Nuclear Regulatory Commission (USNRC) 

In this paper we: 

• Describe the approaches we use to derive transfer factors from 

the literature, 

"» Present recently updated transfer factors to terrestrial foods, 

• Identify elemental systematics of the derived factors. 

Compare the updated values with those in Regulatory Guide 

1.109, and 

• Discuss briefly the uncertainties in the derived values and 

limitations in their use. 

2. Origin of transfer data in Regulatory Guide 1.109 

Let us first examine the transfer factors in Table E-l of the 

Regulatory Guide 1.109 (Table 1), which serves as a frame of reference 

for this discussion. An explanation of the derivation of the USNRC 
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Table 1. Transfer Factors from U.S. Nuclear Regulatory Commission 

Regulatory Guide 1.109. 

Table E-1 
Stable element transfer data* 

B * F (Cow) 
m 

F» 
Element Veg/soil Milk (d/.t) Meat (d/kg) 

H " 4.8E-00 1 .0E02* ' 1.2E-02 
c*» 5.5E-00 1.2E-02 3.1E02 
Na 5.2E-02 4.0E-02*'* 3.0E-02 
P 1.1E-00 2.5E02 4.6E-02 
Cr 2.5E-04 2.2E-03 2.4E-03 
Mn 2.9E-02 2.5E-04 8.0E-04 
Fe 6.6E-04 1.2E-03 4.0E-02 
Co 9.4E-03 1.0E-03 1.3E-02 
Ni 1.9E-02 6.7E-03 5.3E-02 
Cu 1.2E-01 1.4E-02 8.0E-03 
Zn 4.0E-01 3.9E-02 3.0E-02 
Rb 1.3E-01 3.0E-02 3.1E-02 
Sr 1.7E-02 8.0E-04*«« 6.0E-04 
Y 2.6E-03 1.0E-05 4.6E-03 
Zr 1.7E-04 5.0E-06 3.4E-02 
Nb 9.4 E-03 2.5E-03 2.8E-01 
Mo 1.2E-01 7.5E-03 8.0E-03 
Tc 2.5E-01 2.5 E 02 4.0E-01 
Ru 5.0E-02 1.0E-06 4.0E-01 
Rh 1.3E-01 1.0E-02 1.5E-03 
Ag 1.5E-01 5.0E-02 1.7E-02 
Te 1.3E-00 1.0E-03 7.7E-02 
1 2.0E-02 6.0E-03t 2.9E-03 
Cs 1.0E-02 1.2E02*** 4.0E-03 
Ba 5.0E-03 4.0E-04*** 3.2E-03 
La 2.5E-03 5.0E-06 2.0E-04 
Ce 2.5E-03 6.0E-04*** 1.2E03 
Pr 2.5E03 5.0E-06 4.7E-03 
Nd 2.4E-03 5.0E-06 3.3E-03 
W 1.8E-02 5.0E-04 1.3E-03 
Np 2.5E-03 5.0E-06 2.0E-04tt 

* Data presented in this table is from Reference 1 unless otherwise indicated. 
* * Meat and milk coefficients are based on specific activity considerations. 

* * * From Reference 2. 
t See text, 

t t From Reference 13. 
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factors will be helpful. As the first footnote in Table E-1 points out, 

virtually all are based on the handbook we published in 1968 [2] (cited 

as Reference 1 in Table E-1). In the first column of data B. 

Veg/soil is the soil-to-plant concentration factor, the ratio of the 

concentration in wet plant matter to that in dry soil in the 

steady-state or equilibrium condition. The B. of an element was 

estimated as the ratio of the average concentration in the portion of 

the human diet that is derived from plants to the average concentration 

in dry soil. The concentrations in food derived from plants and soil 

are those of Tables 10A and 4 in the Handbook [2], respectively. F 

(Cow) is the transfer coefficient to cow's milk, the traction of the 

element ingested daily by a cow that is secreted in 1 liter of milk 

under steady-state or equilibrium conditions. Except for the starred 

(*) values, the transfer coefficients to milk are those of Table 3 in 

the Handbook. F is the transfer coefficient to meat, the fraction of 

an element ingested daily by an herbivore that is in 1 kg of moat from 

the animal in the steady-state or equilibrium condition. The transfer 

coefficient of an element to meat was estimated as the average 

concentration in meat divided by 50 times the average concentration in 

the portion of the human diet that is derived from plants. The 

concentrations in meat and in food derived from plants are those of 

Tables 10B and 10A in the Handbook, respectively. Because 50 kg 

corresponds to the w°t weight of vegetation ingested daily by cattle, 

F f implicitly represents the transfer coefficient to beef. 



3. Transfer coefficients to milk 

Transfer coefficients to cow's milk were recently updated and 

documented [3] after extensive r3view of the worldwide literature. 

3.1 Estimation of transfer coefficients 

Our approaches for estimating transfer coefficients to milk from 

isotope-feeding experiments are shown in Fig. 1: 

• In single-dose experiments, the concentration of some isotopes 

in milk as a function of time has been described mathematically 

as a series of exponentials. The time integral of the 

concentrations gives the transfer coefficient. 

• In single-dose experiments, the total activity recovered in 

milk divided by the liters of milk secreted daily gives the 

transfer coefficient. 

• When an isotope is fed daily to the cow, the concentration in 

milk reaches a plateau. The concentration at the plateau 

divided by the liters of milk secreted daily gives the transfer 

coefficient. 

• When either a radioisotope or stable isotope is fed to the cow 

continuously, the concentration in milk divided by the product 

of the concentration in feed and the kg of feed ingested daily 

by the cow gives the transfer coefficient. 

Assumptions were frequently required regarding the total activity that 

would be secreted in milk (beyond the duration of an experiment), the 

milk secretion rate, and the kg of feed ingested daily by the cow. 



Fig. 1. Approaches for Estimating Transfer Coefficients to Milk 
from Isotope Feeding Experiments. 

Observation 

Integral of cone in milk (S-1-)-
time (da) curve 

Total recovery in milk 
Milk secretion rate (5/da) 

Plateau cone in milk it~^) 
Daily dose (da"-1} 

Concentration in milk (?""•*•) 
Cone in feed (kg _ i) x feed 

ingested daily (kg/da) 

Remarks 

Single-dose experiment 

Single-dose experiment 

Repeated administration 

Continuous feeding (radio
active or stable isotope) 
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3.2 Elemental systematics 

In Table 2 the elements are grouped to show the elemental 

systematics of the transfer coefficients to milk. The alkali metal.'j and 

halogens are effectively transferred from feed to milk. Both Tl as 

Tl , which is similar in many respects to K ion, and Re as 

ReO", an analog of I~, are effectively transferred to milk. Of 

the alkaline earths, Ca and Mg are effectively transferred to milk, and 

the transfer coefficents decrease in the order of Ca > Mg > Sr > Ra a= 

Ba. We should recognize that the transfer coefficient of an isotope can 

vary greatly with physical or chemical form [3]. Thus, the transfer 

coefficients of MnCl 2 and the Mn naturally present in feed may exceed 

that of the Mn in fallout from nuclear weapons tests by 10 or more 

times. Organic mercury is transferred to milk much more efficiently 

than inorganic mercury. The F^ 0f mercuric chloride is about 10~ 5 

da/liter, and those of methylmercuric chloride and phenylmercuric 

chloride are about 40 times greater. Although the transfer of plutonium 

from feed to milk is inefficient, the F.n of the citrate is much more 

than 10 times that of the dioxide. The transfer coefficients of some 

elements in Table 2 implicitly assume a certain physical or chemical 

form as a reference forn: or one that is most likely encountered in the 

environment. A detailed discussion of the variation of F with 

physical and chemical form is given in Ref. 3. 

3.3 Comparison with Regulatory Guide values 

Table 3 compares our recent estimates of the average transfer 

coefficient to milk [3 J with those in Regulatory Guide 1.109 flj. Tho 
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Table 2. Systematics of elemental feed-to-milk transfer 

coefficients3 P m (Cow), da/e. 

10~ Z 10 -10 10 -10 J 10 -10 H 10 

H B Al b Si Be 
C b P Mn c V b Ru 
N Mg Sb a Fe c Ta 
Na K Te As Ir 
P Cr b Ba Zre Au 
S Co W Ce Hg 
CI Ni Pb Nd Pu 
Ca Cu Po 
Ti b Se Ra 
Zn Sr U 
Br Mo 
Rb Cd b 

Ag 3n 
I 
Cs 
Re 
Tl 

aAdapted from Ref. 3. 
bBased on concentrations in milk and unassociated forage. 
cBased on tracer data f4J and concentrations in milk and 
related forage. 

dBased on tracer data [4]. 
eBased on tracer data [5]. 



Table 3. Comparison of Transfer Coefficients to Milk. 

F m (cow), da/8. F m (cow), da/l 

Element Ng ej: al. [3] USNRC [1] Ratio :lcment Ng et al_. [3] USNRC [l] Ratio 

H 1 . 4 ( - 2 ) a 1 .0 ( -2 ) - 1 . 4 
C 1 .5{ -2 ) 1 . 2 ( - 2 ) - 1 . 3 
Na 3.5C-2) 4 . 0 ( - 2 ) +1.1 
P 1.6C-2) 2 . 5 ( - 2 ) + 1.6 1 

Cr 1 . 6 ( - 3 ) 2 . 2 ( - 3 ) +1.4 j 
Mn 1 . 7 ( - 4 ) b 2 . 5 ( - 4 ) 

1 

+ 1.5 
Fe 5 . 6 ( - 5 ) b 1.2C-3) E±?n I 
Co 2.0C-3) 1 . 0 ( - 3 ) - 2 . 0 

Ni 1 . 0 ( - 3 ) 6 . 7 ( - 3 ) +6.7 
Cu 1 . 7 ( - 3 ) 

1 .0 ( -2 ) 

1 . 2 ( - 2 ) 

1 . 4 ( - 2 ) 

3 . 9 ( - 2 ) 

3 . 0 ( - 2 ) 

CIEZ1 
Zn 

1 . 7 ( - 3 ) 

1 .0 ( -2 ) 

1 . 2 ( - 2 ) 

1 . 4 ( - 2 ) 

3 . 9 ( - 2 ) 

3 . 0 ( - 2 ) 

1+3.91 
Rb 

1 . 7 ( - 3 ) 

1 .0 ( -2 ) 

1 . 2 ( - 2 ) 

1 . 4 ( - 2 ) 

3 . 9 ( - 2 ) 

3 . 0 ( - 2 ) 1+2.51 
Sr 1 . 4 ( - 3 ) 8.0C-4) - 1 . 8 
Y 2.0C-5) 1.0C-5) - 2 . 0 
Zr 3 . 0 ( - 5 ) c 5 . 0 ( - 6 ) - 6 . 0 
Nb 2 . 0 ( - 2) 2 . 5 ( - 3 ) - 8 . 0 

Mo 1 .4 ( -3 ) 7 . 5 ( - 3 ) [+5.4] 

Tc 9 . 9 ( - 3 ) 2 . 5 ( - 2 ) . +2.5 

Ru 6 . K - 7 ) 1 . 0 ( - 6 ) +1.6 

Rh 1.0C-2) 1.0C-2) 1.0 

Ag 1.9C-2) 

2 . 0 ( - 4 ) 

5 . 0 ( - 2 ) 

1.0C-3) 

+2.6 

Te 

1.9C-2) 

2 . 0 ( - 4 ) 

5 . 0 ( - 2 ) 

1.0C-3) 1.+5.C1 
I 9 . 9 ( - 3 ) 6 . 0 ( - 3 ) - 1 . 7 

Cs 7 . K - 3 ) 1 . 2 ( - 2 ) + 1.7 

Ba 3 . 5 ( - 4 ) 4 . 0 ( - 4 ) +1.1 

La 2 . 0 ( - 5 ) 5 . 0 ( - 6 ) - 4 . 0 

Ce 2 . 0 ( - 5 ) 6 . 0 ( - 4 ) [+3Q~1 
Pr 2 . 0 ( - 5 ) 5 . 0 ( - 6 ) - 4 . 0 

Nd 2 . 0 ( - 5 ) 5 . 0 ( - 6 ) - 4 . 0 

W 2 . 9 ( - 4 ) 5 . 0 ( - 4 ) +1.7 

Np 5 . 0 ( - 6 ) 5 . 0 ( - 6 ) 1.0 

a1.4(-2) signifies 1.4 x 10 - 2. 
b8ased on tracer data [4] and concentrations in milk and related forage 3 
cBased on tracer data [5]. 
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ratios given in Table 3 art the ratios of the higher to lower 

estimates. If the Regulatory Guide estimate exceeds ours, the sign is 

plus (+); if it is less than ours, the sign is minus (-). In cases 

where our estimate is based on sufficient data and we recommend a 

change, we enclose the ratio in a box. The more recent data support 

downward revisions of the transfer coefficients that range from 2.5 for 

Rb to 30 for Ce. The other elements singled out are Fe, Cu, Zn, Mo, and 

Te. The results of this comparison are not surprising because the 

Regulatory Guide estimates of the transfer coefficient to milk were 

obtained from our Handbook [2], in which we intentionally listed maximum 

or near maximum transfer coefficents. 

4. Transfer coefficients to other animal products 

Other animal products besides milk contribute substantially to the 

terrestrial diet. We recently derived transfer coefficients of selected 

radionuclides to other products from livestock, including beef, pork, 

chicken, lamb, and eggs. Baker e_t aJU [6] previously estimated 

elemental transfer coefficients to beef, pork, poultry, and eggs. 

4.1 Estimation of transfer coefficients 

Our approaches for estimating transfer coefficients to other animal 

products are shown in Fig. 2. 

• When an animal is fed a radioisotope or stable isotope 

repeatedly or continuously, the steady-state concentration in 

the animal product divided hy the daily intake gives the 

transfer coefficient. 



Pig. 2. Approaches for Estimating Transfer Coefficients to 
Animal Products. 

Observation Remarks 

Transfer coefficent 
Cone in food (kg - 1) 
Daily rlose (da-i) 

Integral of cone in flesh (kg~^)-
Tiiri (da) curve 

Repeated, continous 
feeding 

Single dose fed to chickens 

Total recovery in eggs 
Egg secretion rate (kg/da) 

Single dose fed to hens 

Accumulation factor 
Content in flesh 
Daily dose (da ) mass of muscle (kg) Repeated, continuous 

feeding 

Concentration factor 
Cone in flesh (kg - 1) _̂  feed ingestea 
Cone in feed (kg - 1) daily (kg/da) 

Continuous feeding (radio
active or stable isotope) 
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• When groups of chicken are fed a single dose of a tracer and 

then sacrificed periodically to obtain samples of tissues, the 

time integral of the average concentration in muscle gives the 

transfer coefficient. 

• When laying hens are fed a single dose of a tracer, the total 

activity recovered in eggs divided by the kg of eggs produced 

daily gives the transfer coefficient. 

• When an animal is fed an isotope repeatedly or continuously, 

the accumulation factor divided by the mass of muscle gives the 

tranfer coefficient. We define the accumulation factor as the 

ratio of the total steady-state content in muscle and the daily 

intake. 

• When an animal is fed a radioactive or stable isotope 

continuously, the concentration factor divided by the kg of 

feed ingested daily gives the transfer coefficient. We define 

the concentration factor as the ratio of the concentration in 

flesh and that in dry feed. 

To aid us in our efforts to derive transfer coefficients to animal 

products we maintain data files on transfer coefficients, accumulation 

factors, and concentration factors to animal products. 

4.2 Transfer coefficients to meat and eggs. 

While assessing the potential contamination of animal products by 

postulated emissions of a nuclear fuel-reprocessing plant located at a 

selected study site, we recently derived transfer coefficients of 

selected fission products and transuranics to animal products [7]. 
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The transfer coefficients of Table 4 update those of Table 11 in Ref. 

7. Although Table 4 supercedes Table 11 in Ref. 7, the two sets of 

transfer coefficients differ only slightly. Full documentation of the 

derivation of transfer coefficients to animal products, which is in 

preparation, will be available in a companion document to Ref. 3 L^J. 

The transfer coefficients in Table 4 that were derived using 

collateral information and data are starred (*). These estimates 

required certain assumptions regarding the turnover rate in muscle or 

other animal product, feed consumption rate, total body and muscle mass, 

ratio of the steady-state or equilibrium concentration to a 

pre-equilibriurn concentration, similarity in the uptake and retention 

pattern of related elements, or similarity in the concentraton factors 

in muscle and other soft tissues. Consequently, these starred values 

are much mor<v uncertain than the unstarred values. 

As Table 4 indicates, I and Cs are effectively transferred to meat, 

eggs, and milk. Although Sr is effectively transferred to eggs and 

milk, most of the 3r in eggs is in the shell. The transfer coefficients 

of Sr, Ru, 1, Cs, and Ce to beef, pork, egg contents, and milk are 

comparable within a factor of 3, and those of Am and Cm to egg contents 

and milk and of Pu to milk are comparable within a factor of 10 to those 

of Baker jet al. [_6~]. The transfer coefficient of Cs to chicken is 

identical to that of Baker £t ĵ l., but for the other elements 

considered, the transfer coefficients to chicken differ from those of 

Baker ej: ̂ 1. by two to three orders or magnitude or more. For the 

transuranic elements in Table 4, our estimates of the transfer 

coefficent to chicken are lower by 2 orders of magnitude and to beef and 

pork are lower by 3 orders of magnitude than those of Baker et al. 



Table 4. Transfer Coefficients to Animal Productsa. 

. Transfer coefficient, da/kg 

Element Beef Pork Lamb Chicken 
Eggs 
(whole) 

Eggs 
(contents) Milk b 

Sr 3.0(-4>C 2.9(-3) 1.9 (-3) 3.2(-2) 9.0(0) 2.2(-l) 1.4(-3) 
Ru 2.0(-3) 6.8(-3) 1.3(-2) 2.4(-l) 3.9(-3) 4.0(-3) 6.K-7) 
I 7.2(-3) 2.7(-2) 6.0 (-2) 2.0(-l) 3.4(0) 4.4(0) 9.9(-3) 
Cs 2.0 (-2) 3.0(-l) 1.2(-1) 4.4(0) 4.K-1) 4.3(-l) 7.K-3) 
Ce 7.5(-4)* 2.5(-3)* 5.0(-3)* 9.0(-2)* 3.0(-3) 3.K-3)* 2.0(-5) 
Pu 1.0 (-6) 3. 4(-6) 6.7(-6) 2.0(-5) 2.9(-5) 3.?(-5) 1.0(-7) 
Am 3.6(-6) 1.2(-5) 2.4(-5) 7.2(-5) 3.5(-3) 3.9(-3) 2.0(-5) 
Cm 3.6H3)* 1.2(-5)* 2.4(-5)* 7.2(-5)* 3.5(-3)* 3.9(-3)* 2.0(-5) 

aAdapted from Ref. 7. Transfer coefficients that were derived using collateral information and 
data are starred (*). 
''From Ref. 3. 
c3.0(-4) denotes 3.0 x 10 - 4. 



15 

4.3 Comparison with Regulatory Guide values. 

Table 5 compares our recent estimates of the average transfer 

coefficient to beef [a] with those of Regulatory Guide 1.109 [l]. Our 

estimates are based on isotope data whenever they are available from the 

literature. Our other estimates are based on the average stable element 

concentration in beef and other meats and on the average stable element 

concentration in a hypothetical cattle ration composed of forage plants 

and concentrates. We assumed that the consumption rate of feed by beef 

cattle is 12 kg dry weight/da [9]. 

In comparing our estimates of F f with those in Regulatory Guide 

1.109, we list the ratios of the higher to lower estimate. If the 

Regulatory Guide estimate exceeds ours, the sign is plus {+); if it is 

less than ours, the sign is minus (-). As in Table 3, where our recent 

estimates are substantiated by sufficent data, the ratio is enclosed in 

a box. Note in particular the Regulatory Guide value of the F of Cs, 

which is too low according to our estimate by a factor of 5. The 

Regulatory Guide F f of Ni, Ru, and Ba seem to be too high by a factor 

that ranges from 9 for Ni to 200 for Ru. 

5. Uptake into crops from soil. 

Transfer factors have been derived to predict concentrations of 

radionuclides in edible crops resulting from root uptake from soil. We 

define the concentration factor as the ratio of the concentration in dry 

plant matter to that in dry soil under steady-state or equilibrium 

conditions. 



Table 5. Comparison of Transfer Coefficients to Meat. 

Ff(da/kg) F f (da/kg) 

Element Ng e_t al. [8] USNRC [l] Ratio Element Ng et al. [8] USNRC [l] Ratio 

5.4(-2) 
5.5(-2) 

3.0(-2) 
4. 6 (-2) 

-1.8 
-1.2 

Ru 
Rh 

2.0(-3)* 
2.0(-3) 

4.0(-l) 
1.5(-3) 

Na 5.4(-2) 
5.5(-2) 

3.0(-2) 
4. 6 (-2) 

-1.8 
-1.2 

Ru 
Rh 

2.0(-3)* 
2.0(-3) 

4.0(-l) 
1.5(-3) 

+200 
P 

5.4(-2) 
5.5(-2) 

3.0(-2) 
4. 6 (-2) 

-1.8 
-1.2 

Ru 
Rh 

2.0(-3)* 
2.0(-3) 

4.0(-l) 
1.5(-3) -1.3 

Cr 5.6(-3) 2.4C-3) -2.3 Ag 2.9(-3) 1.7(-2) +5.9 
Mn 3.9(-4) 8.0(-4) +2.1 Sb 1.2(-3) 4.0(-3) +3.3 
Fe 1.7(-2) 4.0 C-2] +2.4 Te 1.5(-2) 7.7(-2) +5.1 
Co 2.K-2) 

5.9(-3) 
l.K-2) 

1.3J-2) 
5.3(-2) 
8.0 (-3) 

-1.6 I 
Cs 
Ba 

7.2(-3) 
2.0(-2)* 
1.6 (-4) 

2.9(-3) 
4.0(-3) 
3.2(-3) 

2.5 
i i 

Ni 
2.K-2) 
5.9(-3) 
l.K-2) 

1.3J-2) 
5.3(-2) 
8.0 (-3) 

|+9.0 | 
-1.4 

I 
Cs 
Ba 

7.2(-3) 
2.0(-2)* 
1.6 (-4) 

2.9(-3) 
4.0(-3) 
3.2(-3) 

-5.0 
Cu 

2.K-2) 
5.9(-3) 
l.K-2) 

1.3J-2) 
5.3(-2) 
8.0 (-3) 

|+9.0 | 
-1.4 

I 
Cs 
Ba 

7.2(-3) 
2.0(-2)* 
1.6 (-4) 

2.9(-3) 
4.0(-3) 
3.2(-3) +20 

Zn 1.2(-1) 3.0(-2) -4.0 La 2.9(-4) 2.0(-4) -1.5 
Rb 1.4(-2) 3.K-2) +2.2 Ce 7.5(-4) 1.2(-3) +1.6 
Sr 3.0 (-4) 6.0 (-4) +2.0 Pr 2.9(-4) 4.7(-3) +16 
Y 2.9(-4) 4.6 (-3) +16 Nd 2.9 (-4) 3.3(-3) +11 
Zr 5.6(-3) 3.4(-2) +6.1 w 4.7(-2) 1.3 (-3) -36 
Nb 2.5<-l) 2.8 (-1) +1.1 Pu 1.0(-6) 1.4(-5) +14 
Mo 6.1{-3) 8.0(-3) +1.3 Am 3.6(-6) 2.0(-4) +56 
TC 8.7(-3) 4.0 (-1) +46 

Based on tracer data [8], 
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5.1 Estimation of concentration factors 

Plant-tc— soil concentration factors are obtained from experiments on 

plants grovm in the laboratory or in the field. Concentration factors 

were also estimated from the statistical correlation between the 

concentration in a crop and the cumulative ground deposition. As t(.e 

papers presented in this Conference by Biesold [lOj and Boikat [llj 

clearly show, the concentration factor of an isotope in a given crop 

varies in a very complex manner with soil texture and other soil 

properties such as cation exchange capacity, exchangeable calcium, 

exchangeable potassium, pH, and organic matter content. It will vary 

with crop variety, stage of growth, and plant part as well as with 

experimental conditions such as the manner in which the isotope was 

introduced into soil. We have compiled an extensive data file of 

concentration factors in edible parts of grains, vegetables, fruits, and 

forage plants cultivated under different conditions in laboratory or 

field experiments. We use this data file to estimate concentration 

factors for crops grown in different soils for regional assessments of 

foodchain contamination by radionuclides. 

5.2 Concentration factors of selected isotopes 

The concentration factors in Table 6 are intended to be 

representative of food and feed crops grown in South Carolina and 

Georgia. The soils under cultivation in this region are the 

coastal-plain soils of the southeastern United States. Because these 

soils are predominantly coarse textured soils with an abundance of 



Table 6. Soi l - to-Plant Concentration Factors for Regional Assessment of the Southeastern V.S. 

CF, pCi/kg wet vegetation-J--pCi/kg dry soilb 

238, 
Crop 9 0Sr 106D 129 x 1 3 7 C s W 4 C e 23y_ Pu 241a 

Am 
Corn 0.034 0.022 0.043c 0.026 8.6(-4)d 1.7<-3) 1.7C-3) 
Soybeans 0.71c 0.013c 0.36° 0.089° 1.8(-3)c 1.3(-3) 5.3C-3) 
Wheat 0.27 8.9C-3) 0.045c 0.045 1.3(-3) 1.8(-3) 1.8(-3) 
Barley 0.27 8.9(-3)C 0.045c 0.045c 1.8(-3)c 1.8(-3) 1.8(-3) 
Tomatoes 0.024 6.0(-4) 0.018 7.2(-3) 2.4C-5) 9.0(-5)c 2.4(~4)~ 
Cabbage 0.08c 8.0(-3)C 0.024 4.0(-3)c 3.2(-3)c 1.2(-4)c 3.2(-3)C 

Sweet corn 0.011 6.8(-3) 0.014c 8.K-3) 2.7(-4) 5.4(-4)c 5.4(-4) 
Snap beans 0.03 1.5C-3) 0.04 5.0(-3) 1.0(-4) 1.5(-4)c 1.0(-4)C 

Irish Potatoes 0.06 6.0(-4) 0.024 0.02 3.0(-4) 1.2(-3) 1.2C-3) 
Hay 0.72 0.090 0.18 0.14 9.0(-3) 9.0(-4) 1.8C-3) 
Biv V e 8 / s o i l 0.017 0.05 0.02 0.01 2.5f-3) 2.5(-4) 2.5(-4) 

aAdapted from Ref. 7. 
°Computed from concentration factors for dry plant matter on the bases of moisture contents from 
Refs. 9 and 12. 

cEstimated from collateral information and data. 
d8.6(-4) signifies 8.6 x 10~ 4. 
eFrom Regulatory Guide 1.109 [l]. 
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sands, loamy sands, sandy loams, and fine sandy loams, we tried to 

estimate appropriate concentration factors for such soils. Although the 

assumption that the soil of a region is uniform is an 

oversimplification, the approach makes regional assessment of crop 

contamination manageable. 

The concentration factors in Table 6 were originally estimated on 

the basis of concentration per dry weight of plant matter. They were 

converted to concentration factors on the basis of the wet weight of 

plant matter so that they could be compared directly with the transfer 

factors B i v Veg/soil in Regulatory Guide 1.109 [l]. (Comparison with 

Regulatory Guide values is discussed below in Sect. 5.3). Only for Sr, 

Ru, Cs, and Ce did v;e find much data in the literature from which to 

estimate concentration factorr. for coarse textured soils. In the event 

that relevant data could not be found for coarse textured or other types 

of soil, we estimated concentration factors on the basis of collateral 

information and data. As collateral information and data, we considered 

the Ca and K concentrations and similarities in crop type and plant 

part, i.e., grains, underground parts, leafy vegetables, etc. 

Table 7 presents concentration factors for clay-loam soils based on 

surveillance measurements in Denmark [l3]. Aarkrog derived 

proportionality factors that express the concentration of Sr in wheat, 

oats, barley, rye, cabbage, potato, and carrot (pCi/kg) as a linear 

function of the cumulative deposition (mCi/km2) alone [l4]. We 

followed this approach and estimated soil factors for 9 0sr and 1 3 7 C s 

in additional crops, soil factors were converted to concentration 

factors assuming that the density of the soil layer is 240 kg dry 

wt/m2 [ l] . 



Table 7. Comparison of Soil-to-Plant Concentration Factors. 

CF , pCi/kg plant (wet wt) •— pCi/kg dry soil 

9 0 S r 137 C s 

Sandy loam Clay loam Sandy loam Clay loam 
Crop (Southeast u. s.) a (Denmar k) (Southeast U.S.) (Denmark) 
Corn 0.034 0.026 
Wheat 0.27 0.12c 0.045 < 0.01 
Oats 0.27 0.14c 0.045 < 0.01 
Barley 0.27 0.12c 0.045d < 0.01 
Rye 0.27d 0.090c 0.071d < 0.01 
Apples 0.032d 0.011 0.019d 0.021 
Tomatoes 0.024 7.2(-3) 
Cabbage 0.08d 0.058° 4.0(-3)d 0.010 
Sweet corn 0.011 8.K-3) 
Beans 0.03 0.096 5.0(-3) 6.6 (-3) 
Potatoes 0.06 0.014° 0.02 3.2(-3) 
Carrots 0.065° 
Hay 0.72 0.14 
B i v Veg/soile 0.017 0.017 0.01 0.01 
aAdapted from Ref. 7. (See Table 6.) 
^ased ._ _ _ 
L13,14J. The density of the soil layer was assumed 

cBased on soil proportionality reported by Aarkrog [ 

on correlation between concentration in crop and cumulative ground deposition 
to be 240 kg (dry wt)/m2. 
14]. 

Estimated from collateral information and data. 
sFrom Regulatory Guide 1.109 [l]. 
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5.3 Comparison with Regulatory Guide values. 

The listing of the Regulatory Guide values of B. veg/soil in 

Tables 6 and 7 allows a direct comparison of our concentration-factor 

estimates with those of Regulatory Guide 1.109 [lj. The concentration 

factors of Sr for coarse textured soils all exceed B. . Except for 

corn, the concentration factors are more than 10 times greater than 

B. ; the concentration factor for dry forge (hay) is about 40 times 

greater than B. Except for dry forage, the concentration factors of 

Ru (Table 6) are lower than B i v . Relevant data for estimating 

concentration factors of I are not abundant, and the estimated 

concentration factors are rfithin a factor of 2 or 3 of B. except for 

dry forage. The concentration factors of Cs in grains and dry forage 

exceed B. • the concentration factors for vegetables are comparable 

within a factor of 2 or 3. Except for dry forage, the concentration 

factors of Ce are lower than B. . The concentration factors of Pu and 

Am are conservative estimates that are based on only a few data. 

The concentration factors of Sr for clay loam (Table 7) also exceed 

the Regulatory Guide values of B i Those in grain are five times or 

more greater. The concentration factors of Cs for clay loam are 

comparable to B. 

This glimpse of soil-to-plant concentration factors should point to 

the invalidity of using a single generalized concentration factor to 

predict the entry of a radionuclide into crops from soil. Strictly 

speaking, one must consider the crop type, the part of the plant, and 

the properties of the soil in which the plant is cultivated. To make 

assessments more manageable, it seems reasonable to adopt a 
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concentration factor for each main crop type that would be conservative 

for most soils. Alternatively it should be possible to adopt a 

reasonable concentration factor for each main crop type and each main 

soil type. In this connection Table 7 suggests B. = n.2 for Sr, as 

suggested by Baker jet ail. [6} r is more appropriate than B. = 0.017. 

: A concentration factor of 0.2 for Sr {concentration in wet plant 

' material-r concentration in dry soil) would not underestimate the 

' passage of Sr from soil to plants for most crops and agricultural soils. 

6. Uncertainties and limitations 

Our present approach to the subject of uncertainties in the derived 

transfer coefficients and limitations in their use is simply to present 

selected data on transfer factors and to examine the medians, ranges, 

and ratios of maximum and minimum values together with *-he number of 

observations. Each factor listed in Table 8 is based on two or more 

observations. 

Only rarely are the available data so numerous that one can perform 

statistical analysis of the type described by Hoffman at this Conference 

[l5] to determine the probability of underestimating the resultant dose 

estimate. Besides the familiar example of the transfer coefficient of I 

to milk fl6], the transfer coefficients of Cs to beef and lamb and the 

transfer coefficient of Zn to cow's milk are examples of 

well-characterized transfer factors associated with little uncertainty. 

These examples are based on seven or more observations; the ratio of 

maximum to minimum value ranges from 4.1 to 18.0. However, data 

relating to plant-to-soil concentration factors for a given crop in the 



Table 8. Uncertainties in Derived Transfer Coefficients and Limitations in their Use. 

Number of 
Isotope Transfer coefficient Observations Median Range Max/Min 

Cs-137 Ff(beef), da/kg 22 0.020 7.3(-3)a - 9.3(-2) 13.0 
Cs-137 Ff(lamb), da/kg 7 0.12 0.061 - 0.25 4.1 
Pu-239 Ff(beef), da/kg 2 1.3(-7) - 5.8(-6) 45.0 
Sr-85,90 B. (bean, sandy loam) 2 1.4(-2) - 0.19 13.0 
Cs-137 Biv(tomato, loam) 3 1.0 (-4) 2.5(-5) - 1.7(-4) 6.8 
Zn-65 
Zn-stable F m(cow), da/C 11 0.010 3.2(-3) - 0.059 18.0 

a7.3(-3) means 7.3 x 1 0 - 3 . 
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same type of soil are sparse. In the examples of Sr in beans and Cs in 

tomatoes the maximum and minimum concentration factors differ by about a 

factor of 10, but the uncertainty is great because the number of 

observations is small (only two or three). In the example of the 

transfer coefficient of Pu to beef/ the available data (two 

observations) support maximum and minimum transfer coefficients that 

differ by a factor of 45. This uncertainty in the transfer coefficient 

to beef leads to an even greater uncertainty in estimates of the 

transfer coefficent to pork, chicken, and lamb, where additional 

assumptions were required, using collateral information and data. The 

uncertainty in the transfer coefficient of a radionuclide carries over 

to an uncertainty in a dose estimate, but such a situation may not be 

limiting to the overall dose assessment if another nuclide or another 

pathway is known to contribute more significantly to the dose. For a 

quantitative description of uncertainties in transfer coefficients and 

the resultant dose estimates, the reader is referred to the paper 

presented in this conference by Hoffman [15]. 
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