
-
~'S!W&. llil ... 

~\')\'i41\~~ (D 
,~ ~Ill 

.., . 
. /"'' ~.-~ 

\ 

·. 

( 

.. OAK> RIDGE· .. :-

. NATIONAL 
LABORATORY·. 

.. ~.: ........ . ·:.::: ... 

MARTIN MARIETrA 

. · :· 

.. -:·_ ..... 

• .. :.:. ·. l . 

.-... 

'· ... 

.. 
' . . ' - . 

.. . · .. 
. ···: .. 

. ···:·· ... 

. ·.; .. 

__ .•• ___ -· _ -------- -·-----·---· -~ ... ,_, ;c;O""fi-'"tt::•:n -~ A•:::R~-

or:.nL--5786 

D285 000287 

NOTICE 
PORtiONS Of tHIS REPORT J\RE I!.LEGIStE. 

It has been reproduced ~rem thr. best 
available COJ'Y tr. permit t:tt~ Lnoadesl 
possible avaiiability • 

A Review and Analysis of 
Parameters for Assessing Transport 

of Environmentally Released 
Radionuclides through Agriculture 

OCT 1 3 1998 
1-;U_. 

C. F. Baes Ill 
R. D. Sharp 
A. L. Sjoreen 
R. W. Shor 

..;-
'· 

lllllll/lllllllllllllll/llllll 
7254 

' 



' ; 

- --·· 

•' ·~ 

'· 

Health and Safety Research DiTision 

ORNL-S786 

A Review and Analysis of Parameters for Assessing Transport of 
Environmentally Released Radionuclides through Agriculture 

C. 1•. Baes III 
Environmental Sc;ences Division 

R. D. Sharp 
Computer Sciences 

A. L. Sjoreen 
Computer Sciences 

R. W. Shor 
Health and Safety Research Division 

Date Published: September 1984 

Researd1 spoa.wred by tile Offiu or IUdlatl011 Programs, U.S. 
uniroG~DHtal ProtKdoe Alftley llllder lDtl'nlftC! AKJ'ftiMI!t 

~F-l-Al06 (ronDHty EPA-78-D-X0394). 

Prepand by tilt 

Oak Ridge National Laboratory 
Oak RWae. TrADeS.We 37831 

.... ted by 

Martin Marietta Energy Systems, Inc. 
lor tilt 

U. S. DEPARTMENT OF ENERGY 
UDCier c011trad No. DE-AC05-840Rll400 

-c~ 
DISTH!Bt:fiGH Of THIS DOCUMENT IS UNUMITED. 

'I' 

.; . .. 

... .. 
>.· 

~·· 



---··· --- ··-·--·---~ --·-·- ··~---·-- - -·· ·--·~-? 

iii 

DISCLAIMER 

Although the research described in this report has been funded by the United States Environ­
mental Protection Agency through Interagency Agreement Number AD-89-F-2-Al06 (formerly 
EPA-78-D-X0394) with Oak Ridge N~>.tional Laboratory, it has not been subjected to the Agency's 
required peer and policy review and therefore does not necessarily reflect the views of the Agency 
and no official endorsement should be inferred. 



iv 

CONTENTS 

DISCLAIMER .................................................................... . 
LIST OF FIGURES ................................................................ . 
LIST OF TABLES ................................................................ . 
PARAMETER SYMBOLS AND DEFINffiONS ...................................... . 
ACKNOWLEDGEMENT ........................................................... . 
HIGHLIGHTS .................................................................... . 
I. INTRODUCTION . . . . . . . . . . . . . . . . . . . . . ....................................... . 
2. ELEMENT-SPECIFIC TRANSPORT PAilAMETERS ............................. . 

2.1 Soil-to-Plant Uptake Parameters B. and B, ..................................... . 
2.1.1 Protocols for determination of parameter values ............................. . 
2.1.2 Group lA and IIA elements .............................................. . 
2.1.3 Group IliA, IVA, and VA elements ........................................ . 
2.1.4 Group VIA and VIlA elements ............................................ . 
2.1.5 Group IIIB and the rare earth elements ..................................... . 
2.1.6 Period IV transition elements ................................... · .......... . 
2.1.7 Period V transition elements .............................................. . 
2.1.8 Period VI tran!'ition elements ............................................. . 
2.1.9 The actinlde elements. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 
2.1.10 Comparison of default estimates with 

previously published values ............................................... . 
2.2 ln~estion-to-Milk Parameter, F •............................................... 
2.3 lnge!'tion-to-Beef Parameter, F1 . .............................................. . 

2.4 The Distribution Coefficient, ~ .............................................. . 
2.4.1 Variability in ~ ........................................................ . 
2.4.2 Estimates of Kct based crt default B. values .................................. . 

3. INTERCEPTION FRACfiON FOR VEGETATION ................................ . 
3.1 Pasture Grasses and Hay .................................................... . 
3.2 Leafy Vegetables ........................................................... . 
3.3 Silage ..................................................................... . 
3.4 Exposed Produce ........................................................... . 
3.5 Correlation Between Interception Fraction 

and Standing Crop Biomass . . . . . . . .......................................... . 
4. SITE-SPECIFIC PARAMETERS ................................................ . 

4.1 Agricultural Parameters . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ......... . 
4.2 Oimstological Parameters ................................................... . 
4.3 Derr.ograpbic ud Miscellaneous SITE Parameters................... . .......... . 

5. MISCELLANEOUS PARAMETERS ............................................ . 
~.1 The Weathering Removal L-oss Constant,"- .................................... . 
5.2 The Metabolic Turnover Coll!tant For Milk, >.., ................................. . 
5.3 The Metabolic Turnover ConstaJJt For Beef, X, . . . . . . . . . . . . . . . . . ................ . 
5.4 Lifetime Grain and Forage Requirements For 

Cattle On Fee-d, Q~~ and Q(~, Respectively ...................................... . 
5.5 TI1e Carbon and Water Content of Foods ....................................... . 
5.6 Coe.~P {2.~ - 15 Jlm) Suspended Particulnte Matter . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 

6. SUMMARY .................................................................. . 
7. REFERENCES . . ........................................................... . 

Page 

iii 
v 

xi 
xiii 
xvii 
xvii 

1 
4 
4 
5 
9 

?.0 
24 
26 
27 
30 
40 
45-

4'7 
47 
·~9 
53 
53· 

63 
65 
65 
65 
71 
73 

75 
80 
84 

109 
114 
124 
124 
124 
125 

127 
127 
128 
133 
134 

' 

'I 
I 
l 

I 
I 
r 



II 

Ill 

IV 

v 

VI 

VII 

I A II A Ill A IV A V A VI t. VII A 

r-· 
li Bo • N r 

0.02~ 0.010 4.0 30 0 0&0 

f--· 
No "g AI Si p s Cl 

Ill 8 IV B v 8 VI 8 VII 8 VIII I B II 8 
0.015 1.0 4.ono·• 0.35 J.~ 1.5 70 

K Co ·~ " 
v Cr "" lo ~THi c .. ~, Co Go •• So Br 

1.0 3.5 6 0~10·1 S.SXIO .J 5.5wtO·I 7.SXI0" 1 0.25 •.ox to·• 0 020 0.060 o.•o 1.5 4.0XICl' 1 0.40 o.o .. , O.G25 1.5 

Rb Sr Y Zr Nb "'0 Tc Ru Rh Pd Ag Cd '" Sn Sb To I 

0.15 2.5 0.015 2.0X10"1 0.020 0.25 9.5 0.075 0.15 0.15 0.40 0.55 4.0XI0" 1 C.030 0.20 0.0~5 0.15 

- -
c. Ba HI To w Ro 01 lr PI Au 1'9 Tl Pb 81 •• &I 

o.oao 0.15 3.SXI0"1 0.010 0.045 1.5 0.015 0.055 0.~95 0.40 0.90 4.11110"1 0.0•5 0.035 2.5110"' 1.0 

-
rr Ra 

l\.030 0.015 
L._ 

Lanthanides 
Co 1 -

lo Pr Nd Pm Sm [u Gd Tb Ov Ho (r Tm y. lu 

0.010 0.010 i 0.010 0.010 0.()10 0.010 0.010 0.010 0.010 0.010 0.010 0.01(1 0.010 0.010 0.010 

Ac u Np Pu Am Cm 
Ac lin ides 

3.5110"' e.:>X10... 2.5x10-J a.5xl!l-1 0.10 •.sx10-• s.sx10-• 8.5110-• 

L---

Th I Po 

Key: 

J 

N 
~ 

Symbol 

T,-ansfer Coefficient, Bv 

Figure 2.1. Values of the soil-to-plant concentration factor Bv adopted as default estimates in the 
computer code TERRA. 
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Figure 2.2. Values of the soil-to-plant concentration factor B, adopted as default estimates in the 
computer code TERRA. 
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