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ERRATA 

 

Summary of changes: 

Page Section Description 

Whole Multiple 
Any reference to 24 individual produce items has been 

updated to 25 to account for the addition of Peppers. 

4 

3.3 Soil to Plant Transfer 

Factory Derivation for 

Carbon 

Section 3.3 was added to describe the specific derivation of 

the carbon soil to plant transfer factor that was implemented 

in the 2016 biota update for the PRG and DCC calculators. 

It also includes justification for the use of the current 

transfer factor for hydrogen of 4.8. 

7 
5. Produce Contaminant 

Concentrations 
Section 5 about plant contamination was added. 

8 7. References 
References for the updated Exposure Factors Handbook 

chapters that were used for this update were added. 

A-2 Appendix A, Figure A-1 

Screenshot of Table 9-5 from the 2011 Exposure Factors 

Handbook was updated to Table 9-5 from the 2018 

Exposure Factors Handbook Chapter 9 update.  

A-5 Appendix A, Equation A-1 
Equation was updated to use the new intake rates from 

Chapter 9 update of the Exposure Factors Handbook. 

A-6 Appendix A, Equation A-2 

Equation was updated to use Table 9-5 new age bins from 

the Chapter 9 update of the Exposure Factors Handbook and 

the consumer only intake rates that were calculated thereof. 

A-6 Appendix A, Equation A-3 

Equation was updated to use Table 9-5 new age bins from 

the Chapter 9 update of the Exposure Factors Handbook and 

the consumer only intake rates that were calculated thereof. 

A-7 Appendix A, Equation A-4 

Equation was updated to reflect the new intake rates 

calculated based on the use of Table 9-5 from the Chapter 9 

update of the Exposure Factors Handbook. 

A-7 Appendix A, Equation A-5 

Equation was updated to reflect the new intake rates 

calculated based on the use of Table 9-5 from the Chapter 9 

update of the Exposure Factors Handbook. 

A-7 Appendix A, Equation A-6 

Equation was updated to reflect the new intake rates 

calculated based on the use of Table 9-5 from the Chapter 9 

update of the Exposure Factors Handbook. 

A-8 Appendix A, Equation A-7 

Equation was updated to reflect the new intake rates 

calculated based on the use of Table 9-5 from the Chapter 9 

update of the Exposure Factors Handbook. 

A-8 Appendix A, Equation A-8 

Equation was updated to reflect the new intake rates 

calculated based on the use of Table 9-5 from the Chapter 9 

update of the Exposure Factors Handbook. 

A-8 Appendix A, Equation A-9 

Equation was updated to reflect the new intake rates 

calculated based on the use of Table 9-5 from the Chapter 9 

update of the Exposure Factors Handbook. 
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A-9 
Appendix A, Proposed 

Intake Rates 

Text was updated to reflect the new age bins used for adults 

in the sensitivity analysis, provided in Appendix D, and the 

corresponding results. 

A-10 Appendix A, Table A-1 

Values in table were updated to reflect new intake rates 

derived from the Chapters 9 and 11 updates of the Exposure 

Factors Handbook. Fish intake rates were split into fin fish 

and shellfish. 

A-11 Appendix A, Table A-2 

Values in table were updated to reflect new intake rates 

derived from the Chapter11 update of the Exposure Factors 

Handbook 

B-6 Appendix B, Table B-1 Peppers and their respective transfer factors were added. 

B-8 Appendix B, Table B-1 

Shellfish and their respective transfer factors were added. 

Transfer factors from EA were also added to the Fin fish 

hierarchy. 

B-10 Appendix B, Figure B-1 

Figure was updated to include peppers and redesignate 

onions as root vegetables. The IAEA TRS-472 guidance 

lists onions as both root vegetables and non-leafy 

vegetables. The environment agency (EA), however, only 

lists onions as root vegetables. When the 

ORNL/TM-2016/328 was originally released, onion was 

listed as a non-leafy vegetable. For consistency with EA 

and due to root vegetable BVs being generally more 

protective, the onion BV designation was updated from 

non-leafy vegetable to root vegetable. 

B-11 Appendix B, Figure B-2 
Figure was updated to include Shellfish. Transfer factors 

from EA were also added to the Fin fish hierarchy. 

C-3 Appendix C, Table C-1 A row for peppers was added.  

D-2 Appendix D 

Text was updated to reflect the results of the new sensitivity 

analysis that was done based on updates for Chapters 9 and 

11 of the Exposure Factors Handbook. 

D-3 Appendix D, Table D-1 

A row for peppers was added, fish was split into fin fish and 

shellfish, and new intake rates derived from the Chapters 9 

and 11 updates of the Exposure Factors Handbook were 

added. 

D-4 Appendix D, Table D-2 

A row for peppers was added, fish was split into fin fish and 

shellfish, and new adult age bins and intake rates derived 

from the Chapters 9 and 11 updates of the Exposure Factors 

Handbook were added. 

D-5 Appendix D, Table D-3 
Text and table were updated to reflect the results of the new 

sensitivity analysis. 

E-3 Appendix E, Table E-1 
A row for peppers was added. Tomato produce category 

was corrected from protected to exposed. 

G-1 Appendix G 
Appendix G about plant contamination from non-irrigation 

scenarios was added. 

H-1 Appendix H 
Appendix H about plant contamination from irrigation 

scenarios was added. 
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ABSTRACT 

The Preliminary Remediation Goal (PRG) and Dose Compliance Concentration (DCC) calculators 

are screening level risk assessment tools that set forth the Environmental Protection Agency’s 

(EPA) recommended approaches and currently available risk assessment guidance for response 

actions at Comprehensive Environmental Response, Compensation, and Liability Act (CERCLA) 

sites, commonly known as Superfund. The environmental screening levels derived by the PRG 

and DCC calculators are used to identify isotopes contributing the highest risk and dose as well as 

establish preliminary remediation goals. Each calculator has residential gardening and subsistence 

farmer exposure scenarios that model transfer of contaminants from soil and water into various 

types of biota (crops and animal products). New publications of human intake rates of biota; farm 

animal intakes of water, soil, and fodder; and soil to plant interactions require updates be 

implemented into the PRG and DCC calculators. Recent improvements in the biota modeling for 

these calculators include newly derived biota intake rates, enhanced soil mass loading factors 

(MLFs), and more comprehensive soil to plant transfer factors (BV’s) and soil to tissue transfer 

factors (TFs) for animals. New biota were added in both the produce and animal products 

categories that greatly improve the accuracy and utility of the PRG and DCC calculators and 

encompass greater geographic diversity on a national and international scale. 
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1. INTRODUCTION 

There is a need for advancement in risk assessment modeling regarding the consumption of 

produce and animal products that are cultivated on contaminated land and/or land irrigated with 

contaminated water. The EPA, in conjunction with Oak Ridge National Laboratory (ORNL), have 

developed a hierarchal selection process of biota modeling in the PRG and DCC calculators to 

address this need. The PRG and DCC calculators are a product of ORNL via an IAG with OSRTI. 

These risk assessment web tools are free to the public and set forth EPA's recommended 

approaches for response actions at CERCLA sites (commonly known as Superfund), and the 

screening level equations are based upon currently available guidance and information with respect 

to risk assessment. ORNL provides these web tools to perform risk assessments on DOE sites that 

are on the CERCLA National Priorities List (NPL) in addition to many other sites for private and 

governmental organizations. The NPL is EPA's list of the most serious uncontrolled or abandoned 

hazardous waste sites identified for possible long-term remedial action under Superfund (RAIS, 

2016).  

 

The recent improvements in biota modeling parameters for EPA’s PRG and DCC calculators are 

presented in this technical memorandum (TM). Each of these calculators (online tools) provides 

fact sheets in the welcome section of their respective homepages that describe the purpose of these 

tools in more detail. To provide the users of these tools the most accurate risk assessment possible, 

an update to biota modeling parameters was necessary to follow recent guidance from the 

International Atomic Energy Agency (IAEA) and the U.S. EPA 2011 Exposure Factors Handbook 

(EFH). The updates in biota modeling include newly derived human consumption rates and more 

comprehensive and diverse BVs, TFs, and MLFs. These updates will greatly improve the accuracy 

and utility of the PRG and DCC calculators and encompass greater geographic diversity on a 

national and international scale.  

 

Formerly, the BVs used in these risk assessment tools were applied generically to all produce 

types. Now, the BVs are element-specific, biota-specific, climate zone-specific, and soil 

type-specific, where applicable. These new BVs and TFs include contributions from the recent 

IAEA TRS-472 and TRS-479 as well as Science Report: SC030162/SR2 from the Environment 

Agency (EA) of the U.K. and were used to supersede most of the older generic values from the 

National Council on Radiation Protection and Measurements (NCRP), Radionuclide Soil 

Screening Levels (RADSSL), RESidual RADioactive (RESRAD), and A Review and Analysis of 

Parameters for Assessing Transport of Environmentally Released Radionuclides through 

Agriculture (Baes et. al., 1984). MLFs were also improved from a single MLF, that was applied to 

all produce, to now include individual MLFs that correspond with the individual produce items of 

each new produce. Previously, produce intake rates were based on generic fruit and generic 

vegetables. The new produce intake rates are based on 25 individual produce items, found in the 

2011 EFH, that contribute to the overall produce ingestion PRG and DCC calculations. New 

animal products have also been added to the site-specific modes of these calculators. Finally, the 

intake rates for produce and animal products can be implemented in screening level calculations 

as raw weight or weight after cooking/preparation loss. Prior to these updates, raw weight was the 

only option. 
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2. INTAKE RATE DERIVATION 

2.1 METHOD OF DERIVATION 

The updated intake rates were derived following the Office of Solid Waste and Emergency 

Response’s (OSWER) method outlined in the 2005 Human Health Risk Assessment Protocol 

(HHRAP) for Hazardous Waste Combustion Facilities. HHRAP provides guidance for regional 

and state Resource Conservation and Recovery Act (RCRA) waste programs (HHRAP, 2005). 

HHRAP uses consumer only intake rates, from chapter 13 of the 2011 EFH and the intake rate 

derivation method found on pages 6-12 through 6-13 of HHRAP, to determine consumption rates 

of homegrown produce for Farmer Child, Farmer Adult, Resident Child, Resident Adult, Fisher 

Child, and Fisher Adult scenarios. RCRAs consumption rates are shown in table C-1-2 of the 

HHRAP. Consumer only intake rates are the amount of homegrown produce consumed from a 

singular site. In the case of a contaminated site, it is conservatively assumed that 100% of produce 

grown on-site is contaminated, yielding a contaminated fraction (CF) of 1.  Per capita intake rates 

are based on the average consumer intakes and, therefore, the contaminated fraction of food 

consumed is less than 1 because only a portion of the produce consumed may come from a 

contaminated site. Further, per capita data from EFH chapter 9 (Figure A-1, Appendix A) was used 

to fill in data gaps in the consumer only intake rate tables from EFH chapter 13 (Figure A-2, 

Appendix A). An example derivation is shown in Equations A-1 through A-9 in Appendix A, using 

the method found on page 6-12 of HHRAP. Although the HHRAP uses the term consumption rate; 

this document uses the term intake rate instead of consumption rate for consistency with the PRG 

and DCC calculators. Both consumption rate and intake rate refer to the amount of food consumed. 

2.2 DIFFERENCES IN INTAKE RATE DERIVATION (PRG & DCC VS. HHRAP)  

HHRAP provides three produce categories: Exposed Aboveground Produce, Protected 

Aboveground Produce, and Belowground Produce. These are combined from the 5 produce 

categories provided in EFH 1997, which include exposed fruit, protected fruit, exposed vegetables, 

protected vegetables, and root vegetables. The HHRAP method was used to simplify the default 

biota intake equations in the PRG and DCC calculators by using a CF of 1 (100%), assuming all 

‘consumer only’ produce is harvested from contaminated land on-site. In site-specific mode of the 

PRG and DCC tools, users are given the option to change the CF along with child and adult intake 

rates.  There were some key alterations made to the HHRAP process of deriving intake rates for 

use in the PRG and DCC calculators, including:  

 

1. Both Fisher Child and Fisher Adult were excluded from the intake rate derivation, since 

subsistence fisher produce ingestion is the same as resident produce ingestion in the PRG 

and DCC calculators.  

2. The default intake rates are based on raw biota, which does not include cooking and 

preparation loss. In site-specific mode of the PRG and DCC calculators, the user can select 

fresh weight or cooked weight. This will change the intake rates populated in the tool 

between raw intake rates and intake rates that include preparation and cooking loss. All of 

these proposed intake rates can be found in Table A-1 in Appendix A. Table A-2 in 

Appendix A lists biota that will only be available in site-specific mode of the PRG and 

DCC calculators. 
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3. The intake rates derived for the PRG and DCC calculators are given in g/day instead of 

kg/day. A body weight conversion factor of 15kg for children and 80 kg for adults were 

used, as per the OSWER directive 9200.1-120. See Appendix D for more information on 

why these body weights were chosen. 

4. In the HHRAP, the age segment used to calculate intake rates for adults was 6-70 years 

and for children was 1-6 years. To calculate new intake rates, a more protective age 

segment of 21-70 years for adults was used, as per OSWER directive 9200.1-120. For 

children, the age segment 0-6 was used for consistency with other land use exposure 

equations from the PRG, DCC, and Regional Screening Level (RSL) calculators, as well 

as OSWER directive 9200.1-120. See Appendix D for more information on why these age 

segments were chosen. 

5. Per capita intake rates from chapter 9, 10, and 11 of EFH 2011 and EFH 1997 and consumer 

only intake rates from chapter 13 of EFH 2011 and EFH 1997 as well as page 6-12 of the 

HHRAP were used to derive individual biota intake rates, such as apples and potatoes. 

Although HHRAP follows that same derivation method, the HHRAP biota categories are 

more general (i.e., exposed, protected, and root). 

3. TRANSFER FACTOR SOURCE COMPILATION 

3.1 USE OF TRANSFER FACTORS IN THE PRG AND DCC CALCULATORS 

TFs are used in the PRG and DCC calculators. The TFs used for animals are called transfer 

coefficients. The transfer coefficient was widely adopted for quantifying radionuclide transfer to 

both milk (Fm, d L–1 or d kg–1) and meat (Ff, d kg–1) as the equilibrium ratio of the radionuclide 

activity concentration in milk/meat to the daily dietary radionuclide intake (IAEA, TRS-472, 

2010). For animal product modeling, it is also necessary to address grazing habits by finding Qw 

(quantity of water), Qs (quantity of soil), and Qp (quantity of fodder) intake rates by farm animals. 

The intake rates by farm animals used in the PRG and DCC tools can be found in Table F-1 in 

Appendix F. Soil to plant TFs, called BVs, are used to determine the quantity of a radionuclide 

that is transferred to a plant. These TFs and BVs are used in the PRG and DCC to model 

radionuclide transfer to animal products and produce, respectively, before human consumption.  

3.2 TRANSFER FACTOR HIERARCHY 

Table B-1 in Appendix B of this document outlines the TF and BV sources and hierarchy for each 

individual produce and farm animal product that is available in the PRG and DCC calculators. The 

source hierarchy is as follows: 

 

1. IAEA 

2. EA 

3. NCRP-123 

4. RADSSL 

5. RESRAD 

6. Baes paper 

 

Previously, the DCC and PRG calculators only modeled generic overall produce consumption for 

fruits and vegetables because BVs were only available for generic plants. Currently, IAEA presents 
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BVs for specific plant parts (i.e., fruit, seeds, etc.). It is for this reason that the PRG and DCC 

calculators can now model transfer to specific produce. When a potato is selected for produce 

output, for instance, the BV category that is used from IAEA is specifically for the edible tuber 

portion of the plant. IAEA TRS-472 has also divided BVs into climate zones and soil types, which 

was implemented into the PRG and DCC calculators as well. The available climate zones include 

temperate, tropical, and subtropical. The available soil types include all (default), sand, loam, clay, 

organic, coral sand, and other. So, the BV used for a tuber plant in a temperate climate zone with 

sandy soil may differ from a BV used for a tuber plant in temperate climate zone with loamy soil 

or tropical climate zone with sandy soil, etc.  

 

If there is not a BV available from IAEA that fits into the particular climate zone and soil type 

parameters that a user has chosen, then the hierarchy will move to EA. EA does not break down 

their BVs in as much detail as IAEA; however, they do offer more detail than the rest of the 

hierarchy. EA divides BVs into 3 different plant types, including fruit, green vegetables, and root 

vegetables. Therefore, if produce output is selected for a potato grown in a tropical climate with 

loamy soil and there is no BV available from IAEA, then the BV selected from EA would overlook 

the climate zone and soil type selected and look in EA for a BV for a root vegetable for whichever 

radionuclide was chosen.  

 

If a BV is not available in either IAEA or EA for the chosen inputs, then the hierarchy continues 

to NCRP-123, RADSSL, and RESRAD, respectively. These sources only provide BVs based on 

the radionuclide selected. They do not differentiate between produce, climate, or soil types.  

 

Finally, the soil to plant transfer factors that come from the Baes et al. (1984) are divided into two 

categories, Bᵥ and Bᵣ. According to Baes et al. (1984), Bᵥ values are used for vegetative growth 

(leaves and stems) and Bᵣ values are used for non-vegetative growth (fruits, seeds, and tubers). 

Figure E-1 from Appendix E lists how the Bᵥ and Bᵣ values should be applied, and Table E-1 from 

Appendix E outlines how BVs from Baes et al. (1984) are applied in the PRG and DCC tools.  

 

TFs are applied using the same hierarchy as BVs; however, climate zone and soil type are not 

taken into consideration for TFs. New TFs were introduced for animal products in IAEA that have 

not previously been incorporated in the PRG and DCC calculators. These include sheep meat, 

sheep milk, goat meat, and goat milk. 

3.3 CARBON AND HYDROGEN SOIL TO PLANT TRANSFER FACTORS 

Over 95% of the dry weight of flowering plants consists of carbon, hydrogen, and oxygen. Most TFs and 

BVs are the ratio of measured activity in the biota to the soil. In the case of plant BVs, these direct 

measurements attribute 100% of the activity in the plant to have come from root uptake from the soil. 

This assumption is not valid for carbon and hydrogen and results in an overestimation of the risk due to 

an overestimation of the BV. The sections below describe the rationale for alterations to the direct 

measured BV ratios from the hierarchy. 

3.3.1 CARBON 

In the case of carbon, a BV of 5.5 from RESRAD emerges from the hierarchy for use in PRG and 

DCC calculators. It is for all plants and assumes that all carbon in the plant is from root uptake. 

This value is derived from data in Ng et al 1968; where the carbon composition in terrestrial plants, 
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1.10E+05 ppm, from Table 10A is divided by the carbon composition in typical agricultural soil, 

2.00E+04 ppm, from Table 4. However, carbon in plants primarily comes from the process of 

photosynthesis. Carbon can also volatilize into the sub-canopy from soil. Depending on 

atmospheric conditions, plants may absorb some of this volatilized carbon from atmospheric 

deposition. An adjustment of the RESRAD BV is necessary to account for the fact that most carbon 

comes from photosynthesis. 

 

It is typically estimated that 2% of plant carbon comes from soil (either directly or by uptake from 

the sub-canopy atmosphere). The other 98% of plant carbon comes from the above-canopy 

atmosphere, which is assumed not to contain carbon from the contaminated site. A quick 

estimation of what the root uptake BV for carbon should resemble be can be derived by taking 2% 

of the RESRAD BV of 5.5, which is 0.11. 

 

A more robust analysis derives a root uptake BV of 1.0, following personal communication with 

a carbon expert detailed in Appendix I of this document. Consider that a plant is about 90% water 

and of the 10% dry matter about 40% is carbon. Therefore, plants comprise about 4% carbon on a 

fresh weight basis. A mineral soil is typically about 2% to 5% organic matter, which corresponds 

to 0.8% to 2% carbon on a dry mass basis. Thus, taking the ratio of carbon contents results in a 

transfer factor of 4%/(0.8% to 2%) = 5.0 to 2.0 g fresh plant/g dry soil. The next step is to apply 

the 2% fraction of plant carbon derived from soil. The resulting range of transfer factors is 0.1 to 

0.04; (2%*(5.0 to 2.0)). The value of 0.1 is chosen for the calculation of PRGs and DCCs and is 

used for all the BVwet values. BVdry values are derived for each plant type based on individual 

plant moisture content. 

 

The above derivation assumes that all soil to plant carbon uptake is radioactive. In situations where 

radioactive carbon is mixing with stable carbon (C-12), a site-specific transfer factor can be 

derived using a model called, "specific activity". Essentially, specific activity is the concentration 

ratio of the radioactive form to the stable form of carbon. Specific activity assumes, that within a 

compartment (i.e., soil), the radioactive contaminant mixes with the stable form both chemically 

and physically. Plants uptake the carbon element in the same ratio as it exists in the soil 

compartment, resulting in the same ratio in the plant as in the soil compartment. 

 

To determine a site-specific soil to plant transfer factor using the specific activity method, actual 

site data must be available. Further, the flux rate of the element must be in a steady-state condition. 

The environmental compartments must be well defined and the fluxes between compartments well 

understood. For further information, refer to the following: AMEC/004041/007 section 5, 

ANL/EAD-4 Appendix L, and IAEA TECDOC 1616 page 550. 

 

3.3.2 HYDROGEN 

In the case of hydrogen, a BV of 4.8 from RADSSL emerges from the hierarchy for use in PRG 

and DCC calculators. It is for all plants and assumes that all hydrogen in the plant is from root 

uptake. Similar to carbon, the RADSSL source cites RESRAD which cites NG et al 1968. This 

value is derived from the hydrogen composition in terrestrial plants, 9.70E+04 ppm, from Table 

10A and is divided by the hydrogen composition in typical agricultural soil, 2.00E+04 ppm, from 

Table 4. However, hydrogen, mainly in the form of water, can be taken up by plants by processes 
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other than root uptake, such as absorbing water on their entire surface which includes roots, stems, 

and leaves. Root uptake accounts for more than 90% of the water/hydrogen content of a generic 

plant.  

 

For the purposes of creating default PRGs and DCCs, the maximum 10% discrepancy in root 

uptake for water/hydrogen is not defined well enough in the literature for all the plant types 

considered in the calculators to adjust the BV from Ng et al. However, if site-specific information 

is available for specific plant types, the BV may be adjusted. Similar to carbon, a specific activity 

measurement of hydrogen to tritium can be determined. 

4. MASS LOADING FACTOR SOURCE COMPILATION 

4.1 MASS LOADING FACTOR HIERARCHY 

Another aspect that was added to the PRG and DCC calculators is plant-specific soil mass loading 

factors. Previously, a MLF of 0.26 was provided for generic fruits and vegetables and a MLF of 

0.25 was provided for pasture. Listed in Table C-1 of Appendix C are the proposed MLFs to be 

implemented for each individual produce in the PRG and DCC tools. The MLF hierarchy is as 

follows:  

1. Hinton (1992) 

2. EA  

3. Pinder and McLeod (1989) 

The MLFs that Hinton (1992) provide are in units of mg soil/g dry plant. In order to get these 

MLFs in the units required for the PRG and DCC tools, they were converted to g soil/g dry plant. 

Then, a moisture content conversion factor from Table G-1 of the soil screening guidance (SSG) 

was used to convert the MLF to g soil/g fresh plant. To provide the best accuracy possible, there 

were a few surrogate Hinton values used for other produce, provided they were in a similar family. 

For example, bush beans were a surrogate for lima beans and snap beans. If a produce-specific 

moisture content conversion factor was not available in Table G-1, either a known conversion 

factor was used from another source or the average for a corresponding group of vegetables or 

fruits was used.  

The document “Updated Background to the CLEA Model”, SC050021/SR3, is the second MLF 

source. Similar to Hinton, the MLFs were provided in g dry soil/g dry plant. These are labeled as 

SL in Table 6.3 of EA Document SC050021/SR3. To convert these MLFs to g dry soil / g fresh 

plant, conversion factors were used from Table 7.1 of EA Document SC050021/SR3. If the 

individual produce was not listed, the average moisture content conversion factor was used from 

the respective produce category.   

Pinder and McLeod (1989) was only used for corn, as an MLF for corn was not found in any of 

the previous sources.  

The pasture MLF of 0.25 was derived based on Hinton (1992). This document, the pasture MLF 

ranges from <1 mg soil/g dry plant to 500 mg soil/g dry plant. Given the large range, the median 

was taken and converted into units of g soil/g dry plant, or 250/1000 = 0.25. This MLF is applied 

to pasture, rice, and cereal grain. 
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5. PRODUCE CONTAMINANT CONCENTRATIONS 

To estimate contaminant concentrations in produce, a complete food chain analysis for 

contaminants moving from soil to plants to humans is necessary. Plants are primarily exposed to 

contaminants by root uptake from soil, atmospheric deposition onto plant surfaces, resuspension 

of contaminants in soil deposited on plant surface, and irrigation with contaminated water. 

Resuspension mechanisms include wind blowing contaminants in the air, water splashing from 

rain or irrigation, and mechanical activities disturbing soil. When possible, samples of plants or 

plant products should be used to estimate exposure concentrations for risk assessment. In the 

absence of measured plant concentrations, however, exposure models are appropriate for 

estimating these concentrations for risk assessment. 

The models presented in Appendices G and H are applicable for vegetation consumed by farm 

animals and humans. For farm animal consumption, specific adaptations to the models may be 

necessary if the vegetation is wet or dry. Moisture of the pasture would dictate the use of an uptake 

factor based on a wet soil to plant transfer factor (BVwet) or a dry soil to plant transfer factor 

(BVdry). Additionally, an appropriate soil mass loading (MLF) would need to be applied for animal 

fodder. Appendix C provides the default MLF that should be used for pasture (0.25 g dry soil / g 

dry plant). Appendix F provides farm animal intake rates of water, soil, and fodder. Appendix A 

provides human intake rates of farm animal products. 

6. CONCLUSION 

There is a need for advancement in risk assessment modeling regarding the consumption of 

produce and animal products that are cultivated on contaminated land and/or land irrigated with 

contaminated water. The increased diversity of biota now included in the PRG and DCC 

calculators addresses this need. Previously, these tools only offered human intake rate data for a 

generic fruit and a generic vegetable in the overall produce equations. Users are now able to select 

from 25 specific produce types to include in the total produce consumption calculations. In site-

specific calculation mode, users can now add sheep meat, sheep milk, goat meat, and goat milk to 

their assessment in addition to the 7 animal products that the PRG and DCC tools already provide. 

The user-provided option now allows users to choose between chicken, duck, turkey, and goose 

for poultry output. The intake rates for produce and animal products can now be implemented in 

screening level calculations as raw weight or weight after cooking/preparation loss. Prior to these 

updates, raw weight was the only option.  

 

Enhancements and diversity of BVs and TFs have also been implemented in the PRG and DCC 

calculators. Previously, BVs that applied to produce were generic for all produce types. Now, the 

BVs encompass 25 individual produce types, 4 climate zones, and 7 soil types. New TFs have also 

been introduced for animal products that have not previously been incorporated. These include 

sheep meat, sheep milk, goat meat, and goat milk.  

 

Use of MLFs were enhanced from a single MLF applied to all produce to 25 individual MLFs that 

correspond with the 25 individual produce items that have new produce intake rates. Also, the dry 

weight MLFs provided in the literature were converted to a wet weight using moisture content 

values specific to the plant type. This refinement allows the MLFs and BVs to be in consistent 

units.  
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These improvements will greatly expand the use and applicability of the PRG and DCC calculators 

in the field of risk assessment with respect to CERCLA sites as well as many other sites for private 

and governmental organizations. The newly derived biota intake rates, MLFs, and TFs encompass 

greater geographic diversity. 
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APPENDIX A. INTAKE RATE DERIVATION & PROPOSED INTAKE 

RATES IN THE PRG & DCC CALCULATOR



 

A-2 

 

INTAKE RATE DERIVATION EXAMPLE 

The example set of equations in Appendix A shows the step-by-step process used to estimate the 

intake rate of apples for farmer child in g/day and farmer adult in g/day for fresh weight and 

prepared/cooked weight. Although these examples are for apples, this process was used to 

determine all of the intake rates presented in Table A-1 below. The values used in the example 

equations can be found in Table 9-5 of the 2018 EFH chapter 9 update and  Table 13-31 of the 

2011 EFH; both of which are shown below as Figure A-1 and Figure A-2, respectively. Both 

CP-loss and CP post-loss are taken from Figure A-3 below.  

 

First, as seen in Figure A-2, there are missing consumer-only mean intake rates for age groups  

1-2, 3-5, and 12-19. To fill in these data gaps in chapter 13 for consumer only intake rates, per 

capita intake rates from chapter 9, Figure A-1, were used. An example of this process can be found 

in Equation A-1 below. Second, the age groups used in table 9-5 are different than those used in 

table 13-31. When a missing consumer only value from EFH 2011 chapter 13 needed to be 

extrapolated based on chapter 9 per capita intake rates and age segments from the per capita 

2018-chapter 9 update did not match the age segments from the 2011-chapter 13 consumer only 

intakes, the average was calculated from the chapter 9 age segments (e.g., IRcon-apple 1<3 in 

Equation A-1). 

 

 

Figure A-1 is Table 9-5 from the 2018 Chapter 9 update of the Exposure Factors Handbook. 

 

 
FIGURE A-1. EFH CHAPTER 9 PER CAPITA INTAKE RATES 
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Figure A-2 is Table 13-31 from Chapter 13 of the 2011 Exposure Factors Handbook. 
 

 
FIGURE A-2. EFH CHAPTER 13 CONSUMER ONLY INTAKE RATES 
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Figure A-3 is Table 13-69 from Chapter 13 of the 2011 Exposure Factors Handbook. 

 

 
FIGURE A-3. FOOD PREPARATION LOSS 
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EQUATION A-1. DERIVATION OF CONSUMER ONLY INTAKE RATE 

  
  

      
             

  

 
 
 

2.23 g
IR

per-apple <1 kg-day5.53 g 1.19 g
IR = TP  × 

con-apple <1 con-apple-meankg-day kg-day 0.48 g
TP

per-apple-mean kg-day

5.57 g
IR = TP

con-apple 1<3 con-apple-mekg-day

       
       
         +         
             

       

2.53 g 1.96 g
IR IR

per-apple 1<2 per-apple 2<3kg-day kg-day
1.19 g

 × 0.48 g 0.48 gan kg-day TP TP
per-apple-mean per-apple-meankg-day kg-day

 
 
 
 
 
 
 
 

  
  

      
             

  

1.57 g
IR

per-apple 3<6 kg-day3.89 g 1.19 g
IR = TP  × 

con-apple 3<6 con-apple-meankg-day kg-day 0.48 g
TP

per-apple-mean kg-day

TP  = Mean apple
con-apple

2

where :

 consumer-only intake for total population (EFH 2011 Table 13-31).

TP  = Mean apple per capita intake for total population (EFH 2018 Table 9-5).
per-apple

IR  = Mean apple consumer-only intake of 
con-apple

population for a particular age segment (i.e. <1) (derived in this equation).

IR  = Mean apple per capita intake of population for a particular age segment (i.e. <1) (EFH 2018 Table 9-5).
per-apple

Note: When a missing consumer only value from EFH 2011 chapter 13 needed to be extrapolated based on chapter 9 per capita 

intake rates and age segments from the per capita 2018 chapter 9 update did not match the age segments from the 2011 chapter 

13 consumer only intakes, the average was calculated from the chapter 9 age segments (e.g., IR
con-apple 1<3

).
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EQUATION A-2. FARMER CHILD: APPLE CONSUMER ONLY INTAKE RATE DERIVATION  

 
 

     
   
   

Consumer Only Intake Rate of Apples for Farmer Child in Fresh Weight:

4.72 g
TWA  

apple-child kg-day5.52 g 1.39 g
IR  =  Intake Rate of Households Who Farm  × 

apple-child kg-day kg-day
Mean Co

 
 
 
  
   

  

  
  

  

 
 
 

 
 
 

1.19 g
nsumer Only Intake 

kg-day

where:

5.53 g
IR  × ED (1 years) +

con-apple <1 (<1)kg-day

5.57 g
IR  × ED (2 years

con-apple 1<3 (1<3)kg-day

4.72 g
TWA  = 

apple-child kg-day

 
 
 
 
  
  
  

   
    

   

) +

3.89 g
IR  × ED (3 years) +

con-apple 3<6 (3<6)kg-day

ED (6 years)
child

 

 

EQUATION A-3. FARMER ADULT: APPLE CONSUMER ONLY INTAKE RATE DERIVATION 

 
 

     
   
   

Consumer Only Intake Rate of Apples for Farmer Adult in Fresh Weight:

0.91 g
TWA  

apple-adult kg-day1.06 g 1.39 g
IR = Intake Rate of Households Who Farm  × 

apple-adult kg-day kg-day
Mean Cons

 
 
 
  
   

  

  
  

  

 
 
 

 
 
 

1.19 g
umer Only Intake 

kg-day

where:

0.88 g
IR  × ED (19 years) +

apple(20<40) (20<40)kg-day

0.96 g
IR  × ED (29 ye

apple(40<70) (20<40)kg-day

0.91 g
TWA = 

apple-adult kg-day

 
 
 
 
  
  
  

   
    

   

ars) +

1.45 g
IR  × ED (1 years)

apple(70+) (50+)kg-day

ED (49 years)
adult
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EQUATION A-4. FARMER CHILD: APPLE CONSUMER ONLY INTAKE RATE INCLUDING BODY 

WEIGHT 

    
    

    

Final Consumer Only Intake Rate of Apples for Farmer Child in Fresh Weight:

82.7 g 5.52 g
IR (FW) = IR (FW)  × 15 kg

apple-child apple-childday kg-day

 

 

EQUATION A-5. FARMER ADULT: APPLE CONSUMER ONLY INTAKE RATE INCLUDING BODY 

WEIGHT 

    
    

    

Final Consumer Only Intake Rate of Apples for Farmer Adult in Fresh Weight:

84.8 g 1.06 g
IR (FW) = IR (FW)  × 80 kg

apple-adult apple-adultday kg-day

 

 

EQUATION A-6. FARMER CHILD: APPLE CONSUMER ONLY INTAKE RATE INCLUDING 

PREPARATION AND COOKING LOSS 

( )( )   
   
   

Consumer Only Intake Rate of Apples for Farmer Child Including Preparation and Cooking Loss:

2.86 g 5.52 g
IR (CPW) = IR (FW) × 1 - CP 0.254  × 1 - CP

apple-child apple-child loss post-lokg-day kg-day
( ) 

 
 

0.305
ss

where:

CPW = Cooking/Preparation Loss Weight

CP  = Cooking/Preparation Loss Ratio
loss

CP  = Post Cooking/Preparation Loss Ratio
post-loss

*Note: Both CP  and CP  values were taken fro
loss post-loss

m EFH 2011 table 13-69.
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EQUATION A-7. FARMER ADULT: APPLE CONSUMER ONLY INTAKE RATE INCLUDING 

PREPARATION AND COOKING LOSS 

( )( )   
   
   

Consumer Only Intake Rate of Apples for Farmer Adult Including Preparation and Cooking Loss:

0.55 g 1.06
IR (CPW) = IR (FW) × 1 - CP 0.254  × 1 - CP

apple-adult apple-adult loss post-losskg-day kg-day
( ) 

 
 

0.305

where:

CPW = Cooking/Preparation Loss Weight

CP  = Cooking/Preparation Loss
loss

CP  = Post Cooking/Preparation Loss
post-loss

*Note: Both CP  and CP  values were taken from EFH 2011 tab
loss post-loss

le 13-69.

  

EQUATION A-8. FARMER CHILD: APPLE CONSUMER ONLY INTAKE RATE INCLUDING 

PREPARATION AND COOKING LOSS AND BODY WEIGHT 

    
    

    

Final Consumer Only Intake Rate of Apples for Farmer Child Including Preparation and Cooking Loss:

42.9 g 2.86 g
IR (CPW) = IR (CPW)  × 15 kg

apple-child apple-childday kg-day

  

 

EQUATION A-9. FARMER CHILD: APPLE CONSUMER ONLY INTAKE RATE INCLUDING AND 

COOKING LOSS AND BODY WEIGHT 

    
    

    

Final Consumer Only Intake Rate of Apples for Farmer Adult Including Preparation and Cooking Loss:

44.0 g 0.55 g
IR (CPW) = IR (CPW)  × 80 kg

apple-adult apple-adultday kg-day
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INTAKE RATES 

This section clarifies assumptions utilized in calculating intake rates based on recent guidance, 

data, and analyses. A sensitivity test was performed to determine which age segment should be 

used to determine adult intake rates and whether a single or age-specific body weight should be 

used to determine both child and adult intake rates. Standard guidance and documentation have 

used the following exposure duration age segments: 6-26 (currently used in the PRG and DCC 

calculators) or 6-30 (previously used in the PRG and DCC calculators), 6-70, and 21+.  The results 

of this analysis  can be found in Appendix D. For the child intake rates, the age segment remains 

0-6 for most previous documentation. Therefore, child intake rates for this study were calculated 

based on the 0-6 age segment. A general and age-specific body weight were applied in the 

sensitivity analysis to determine which body weight was more protective for children. The analysis 

showed that intake rates for children were not greatly affected by which body weight was used. 

Therefore, the general child body weight was chosen as it is consistent with what is already used 

in the PRG and DCC tools. 

 

Generally, the adult intake rates were more protective when the age segment 21+ was used. 

Additionally, using a general body weight for adults mostly yielded a more protective intake rate. 

Table A-1 lists the final intake rates that were calculated. There are both fresh weight (FW) intake 

rates and cooking/preparation loss (CPW) intake rates. As mentioned in section 2 of this document, 

these intake rates were determined using consumer only intake rates of homegrown produce 

provided in the EFH. Table A-1 also provides Total Fruit, Total Vegetables, and Total Meat and 

Dairy intake rates. These intake rates are highly conservative since the intake rates for each 

individual fruit, vegetable, meat, and dairy food product rate is a high-end value for homegrown 

consumption of that particular food product. Site-specific biota intake rates should be used when 

available. 
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1. Data taken from EFH 1997 because it was not available in EFH 2011. 

2. Apples: with/without peel & crabapples. Citrus: all Berries: blackberry, blueberry, boysenberry, cranberry, elderberry, loganberry, mulberry, & raspberry (other than 

strawberry). Cabbage: brussel sprout, red, savoy, & Chinese celery (bok choy). Lettuce: whole, iceberg, & romaine. White Potatoes: peeled/whole. 

TABLE A-1. DEFAULT PROPOSED INTAKE RATE 

 IR Farmer 

Child (g/day) 

(FW) 

IR Farmer 

Adult (g/day) 

(FW) 

IR Resident 

Child (g/day) 

(FW) 

IR Resident 

Adult (g/day) 

(FW) 

IR Farmer 

Child (g/day) 

(CPW) 

IR Farmer 

Adult (g/day) 

(CPW) 

IR Resident 

Child (g/day) 

(CPW) 

IR Resident 

Adult (g/day) 

(CPW) 

Apples2 82.7 84.8 72.0 73.9 42.9 44.0 37.3 38.3 

Citrus Fruits2 206.0 306.5 206.0 306.5 106.8 158.9 106.8 158.9 

Berries2 24.2 35.2 24.2 35.2 12.5 18.2 12.5 18.2 

Peaches 98.2 103.1 110.2 115.7 50.9 53.5 57.1 60.0 

Pears 79.6 59.8 69.4 52.1 41.3 31.0 36.0 27.0 

Strawberry 27.5 40.6 27.5 40.6 14.2 21.1 14.2 21.1 

Total Fruit 518.2 630.1 509.2 624.0 268.7 326.7 264.0 323.5 

Asparagus 11.9 40.1 11.9 40.1 8.1 27.4 8.1 27.4 

Beets 6.0 34.4 6.0 34.4 4.1 23.5 4.1 23.5 

Broccoli 14.8 34.1 13.2 30.5 10.1 23.3 9.0 20.8 

Cabbage2 11.0 79.5 11.8 85.1 7.5 54.3 8.0 58.1 

Carrots 13.1 24.4 14.5 27.1 8.9 16.6 9.9 18.5 

Corn 31.6 82.1 23.2 60.2 21.6 56.1 15.8 41.1 

Cucumbers 16.3 54.9 24.5 82.3 11.2 37.5 16.7 56.2 

Lettuce2 3.4 36.7 3.4 36.7 2.3 25.0 2.3 25.0 

Lima Beans1 22.0 33.9 22.0 33.9 15.0 23.2 15.0 23.2 

Okra1 9.4 30.4 9.4 30.4 6.4 20.8 6.4 20.8 

Onions 7.5 27.3 5.9 21.5 5.1 18.6 4.0 14.7 

Peas 20.4 31.6 22.6 35.0 13.9 21.6 15.5 23.9 

Peppers 7.4 23.9 5.9 19.1 5.1 16.3 4.1 13.0 

Pumpkins1 21.2 63.5 21.2 63.5 14.5 43.4 14.5 43.4 

Snap Beans1 28.7 54.5 28.3 53.8 19.6 37.2 19.3 36.8 

Tomatoes 42.2 94.0 36.0 80.1 28.9 64.2 24.6 54.7 

White Potatoes2 52.4 141.8 47.3 127.8 35.8 96.9 32.3 87.3 

Total Vegetables 319.3 886.9 307.1 861.5 236.3 650.9 227.4 631.8 

Dairy 1116.4 1438.0 n/a n/a n/a n/a n/a n/a 

Beef 64.6 270.1 n/a n/a 31.9 133.5 n/a n/a 

Swine 32.2 151.1 n/a n/a 15.9 74.7 n/a n/a 

Poultry 48.8 175.5 n/a n/a 24.1 86.7 n/a n/a 

Egg 25.1 97.3 n/a n/a n/a n/a n/a n/a 

Finish 36.1 155.9 n/a n/a 22.1 95.6 n/a n/a 

Shellfish 21.3 208.9 n/a n/a 13.0 128.1 n/a n/a 

Total Meat and Dairy 1167.5 1484.2   102.8 405.0   
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Table A-2 lists biota categories that will be available for the user to select in the site-specific mode of the PRG and DCC calculators 

only. There was limited or no data available for most of these biota and, therefore, most do not have default intake rates presented. The 

default poultry inputs used in the PRG and DCC calculators are for chicken only. In the poultry section of site-specific mode, the user 

will be able to select the  poultry type (chicken, duck, turkey, goose) for output. The human intake rates of poultry will remain the same 

regardless of which poultry type is selected; however, soil, water, and fodder intake rates by poultry type will change. The consumer-

only data for rice and cereal grain comes from Table 12-6 in the 2011 EFH. Both are based on edible, uncooked weight so intake rates 

for these are only proposed in dry weight. These dry intake rates for rice and grain are not included in the produce totals if the calculator 

is run in default mode. Each of the biota in Table A-2 will only be included in their respective biota total if they are selected in site-

specific mode, and the additional data required is provided by the user.  

 
TABLE A-2. ADDITIONAL SITE-SPECIFIC PROPOSED INTAKE RATES 

 
 IR Farmer 

Child 

(g/day) 

(FW) 

IR Farmer 

Adult 

(g/day) 

(FW) 

IR Resident 

Child 

(g/day) 

(FW) 

IR Resident 

Adult 

(g/day) 

(FW) 

IR Farmer 

Child 

(g/day) 

(CPW) 

IR Farmer 

Adult 

(g/day) 

(CPW) 

IR Resident 

Child 

(g/day) 

(CPW) 

IR Resident 

Adult 

(g/day) 

(CPW) 

Goat Milk n/a n/a n/a n/a n/a n/a n/a n/a 

Sheep Milk n/a n/a n/a n/a n/a n/a n/a n/a 

Mutton n/a n/a n/a n/a n/a n/a n/a n/a 

Goat Meat n/a n/a n/a n/a n/a n/a n/a n/a 

Duck 48.8 175.5 n/a n/a 24.1 86.7 n/a n/a 

Turkey 48.8 175.5 n/a n/a 24.1 86.7 n/a n/a 

Goose 48.8 175.5 n/a n/a 24.1 86.7 n/a n/a 

Rice Grains n/a n/a n/a n/a 49.6 98.9 41.0 81.9 

Cereal Grains n/a n/a n/a n/a 48.1 84.8 39.8 70.2 
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APPENDIX B. TRANSFER FACTOR SOURCE COMPILATION AND 

APPLICATION 
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Table B-1 lists all biota available in the PRG and DCC calculators, which TF or BV category will be used for each biota from each 

source, and the hierarchy used for each biota. The red text elements are on the ‘Common Isotopes’ list from the PRG and DCC calculators 

which include Am, Co, Cs, H, I, Pu, Ra, Rn, Sr, Tc, Th, and U. Transfer Factors from NCRP-123, RADSSL, and RESRAD, are universal 

soil to plant BVs that are not specific to a particular plant category or type, but rather the element itself. The Baes et al. (1984) breaks 

produce BVs into 2 categories. These categories are explained in Appendix E. 
 

TABLE B-1. TRANSFER FACTOR HIERARCHY 

 Primary 

Transfer 

Factor 

Category 

Primary 

Transfer 

Factor 

Source 

Number of Transfer 

Factors from 

Primary Source1 

Secondary 

Transfer 

Factor 

Category 

Secondary 

Transfer 

Factor 

Source 

Number of Transfer 

Factors from 

Secondary Source1,2 

Tertiary 

Transfer 

Factor 

Category 

Tertiary 

Transfer 

Factor 

Source 

Number of 

Transfer 

Factors from 

Tertiary 

Source1,2,3 

Apples5 Woody Tree  IAEA 

TRS 472 

4- Am, Cs, Pu, Sr Fruit EA 

 

39-Ag, Au, Ba, Br, 

Ca, Ce, Cl, Co, Cr, 

Er, Eu, Fe, Ga, I, In, 

La, Lu, Mo, Na, Nb, 

Np, P, Pm, Po, Ra, 

Rb, Ru, S, Sb, Se, 

Sm, Tc, Th, Tl, U, V, 

Y, Zn, Zr 

None NCRP-123, 

RADSSL, 

RESRAD, 

Baes paper 

Any elements 

not previously 

listed, 

including H 

and Rn. 

Citrus 

Fruits5 

Woody Tree IAEA 

TRS 472 

4- Am, Cs, Pu, Sr Fruit EA 

 

39-Ag, Au, Ba, Br, 

Ca, Ce, Cl, Co, Cr, 

Er, Eu, Fe, Ga, I, In, 

La, Lu, Mo, Na, Nb, 

Np, P, Pm, Po, Ra, 

Rb, Ru, S, Sb, Se, 

Sm, Tc, Th, Tl, U, V, 

Y, Zn, Zr 

None NCRP-123, 

RADSSL, 

RESRAD, 

Baes paper 

Any elements 

not previously 

listed, 

including H 

and Rn. 

Berries5  Shrub IAEA 

TRS 472 

2-Cs, Sr Fruit EA 

 

15- Au, Ca, Cm, Er, 

Ga, I, In, Nb, Np, P, 

Pm, S, Tc, Tl, Y 

None NCRP-123, 

RADSSL, 

RESRAD, 

Baes paper 

Any elements 

not previously 

listed, 

including Am, 

Co, H, Pu, Ra, 

Rn, Th, U. 
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TABLE B-1. TRANSFER FACTOR HIERARCHY 

 Primary 

Transfer 

Factor 

Category 

Primary 

Transfer 

Factor 

Source 

Number of Transfer 

Factors from 

Primary Source1 

Secondary 

Transfer 

Factor 

Category 

Secondary 

Transfer 

Factor 

Source 

Number of Transfer 

Factors from 

Secondary Source1,2 

Tertiary 

Transfer 

Factor 

Category 

Tertiary 

Transfer 

Factor 

Source 

Number of 

Transfer 

Factors from 

Tertiary 

Source1,2,3 

Peaches Woody Tree IAEA 

TRS 472 

4- Am, Cs, Pu, Sr Fruit EA 

 

39-Ag, Au, Ba, Br, 

Ca, Ce, Cl, Co, Cr, 

Er, Eu, Fe, Ga, I, In, 

La, Lu, Mo, Na, Nb, 

Np, P, Pm, Po, Ra, 

Rb, Ru, S, Sb, Se, 

Sm, Tc, Th, Tl, U, V, 

Y, Zn, Zr 

None NCRP-123, 

RADSSL, 

RESRAD, 

Baes paper 

Any elements 

not previously 

listed, 

including H 

and Rn. 

Pears Woody Tree IAEA 

TRS 472 

4- Am, Cs, Pu, Sr Fruit EA 39-Ag, Au, Ba, Br, 

Ca, Ce, Cl, Co, Cr, 

Er, Eu, Fe, Ga, I, In, 

La, Lu, Mo, Na, Nb, 

Np, P, Pm, Po, Ra, 

Rb, Ru, S, Sb, Se, 

Sm, Tc, Th, Tl, U, V, 

Y, Zn, Zr 

None NCRP-123, 

RADSSL, 

RESRAD, 

Baes paper 

Any elements 

not previously 

listed, 

including H 

and Rn. 

Strawberry Herbaceous IAEA 

TRS 472 

4- Am, Cs, Pu, Sr Fruit EA 20-Au, Ca, Cm, Er, 

Ga, I, In, Mn, Mo, 

Nb, Np, P, Pm, Ru, S, 

Sb, Tl, V, Y, Zr 

None NCRP-123, 

RADSSL, 

RESRAD, 

Baes paper 

Any elements 

not previously 

listed, 

including Co, 

H, Ra, Rn, Tc, 

Th, and U. 

Asparagus Leafy 

Vegetable 

IAEA 

TRS 472 

35-Ag, Am, Ba, Ce, 

Cl, Cm, Co, Cr, Cs, 

Fe, I, K, La, Mn, Mo, 

Na, Nb, Np, P, Pb, Po, 

Pr, Pu, Ra, Rb, Ru, Sb, 

Sr, Tc, Te, Th, U, Y, 

Zn, Zr 

Green 

Vegetable 

EA 15-Au, Br, Ca, Er, 

Eu, Ga, In, Lu, Ni, 

Pm, S, Se, Sm, Tl, V 

None NCRP-123, 

RADSSL, 

RESRAD, 

Baes paper 

Any elements 

not previously 

listed, 

including H 

and Rn. 
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TABLE B-1. TRANSFER FACTOR HIERARCHY 

 Primary 

Transfer 

Factor 

Category 

Primary 

Transfer 

Factor 

Source 

Number of Transfer 

Factors from 

Primary Source1 

Secondary 

Transfer 

Factor 

Category 

Secondary 

Transfer 

Factor 

Source 

Number of Transfer 

Factors from 

Secondary Source1,2 

Tertiary 

Transfer 

Factor 

Category 

Tertiary 

Transfer 

Factor 

Source 

Number of 

Transfer 

Factors from 

Tertiary 

Source1,2,3 

Beets Root  IAEA 

TRS 472 

34-Ag, Am, Ba, Ce, 

Cl, Cm, Co, Cr, Cs, 

Fe, I, La, Mn, Mo, Na, 

Nb, Np, P, Pb, Pm, Po, 

Pr, Pu, Ra, Rb, Ru, Sb, 

Sr, Tc, Te, Th, U, Y, 

Zr 

Root 

Vegetable 

EA 15- Au, Br, Ca, Er, 

Eu, Ga, In, Lu, Ni, S, 

Se, Sm, Tl, V, Zn 

None NCRP-123, 

RADSSL, 

RESRAD, 

Baes paper 

Any elements 

not previously 

listed, 

including H 

and Rn. 

Broccoli Non-Leafy 

Vegetable  

IAEA 

TRS 472 

26-Ag, Am, Cm, Co, 

Cr, Cs, Fe, I, La, Mn, 

Na, Nb, Np, P, Pb, Pu, 

Ra, Ru, Sb, Sr, Te, Th, 

U, Y, Zn, Zr 

Green 

Vegetable 

EA 22- Au, Ba, Br, Ca, 

Ce, Cl, Er, Eu, Ga, In, 

Lu, Mo, Ni, Pm, Po, 

Rb, S, Se, Sm, Tc, Tl, 

V 

 

None NCRP-123, 

RADSSL, 

RESRAD, 

Baes paper 

Any elements 

not previously 

listed, 

including H 

and Rn. 

Cabbage5 Leafy 

Vegetable  

IAEA 

TRS 472 

35-Ag, Am, Ba, Ce, 

Cl, Cm, Co, Cr, Cs, 

Fe, I, K, La, Mn, Mo, 

Na, Nb, Np, P, Pb, Po, 

Pr, Pu, Ra, Rb, Ru, Sb, 

Sr, Tc, Te, Th, U, Y, 

Zn, Zr 

Green 

Vegetable 

EA 15-Au, Br, Ca, Er, 

Eu, Ga, In, Lu, Ni, 

Pm, S, Se, Sm, Tl, V 

None NCRP-123, 

RADSSL, 

RESRAD, 

Baes paper 

Any elements 

not previously 

listed, 

including H 

and Rn. 

Carrots Root IAEA 

TRS 472 

34-Ag, Am, Ba, Ce, 

Cl, Cm, Co, Cr, Cs, 

Fe, I, La, Mn, Mo, Na, 

Nb, Np, P, Pb, Pm, Po, 

Pr, Pu, Ra, Rb, Ru, Sb, 

Sr, Tc, Te, Th, U, Y, 

Zr 

 

Root 

Vegetable 

EA 15- Au, Br, Ca, Er, 

Eu, Ga, In, Lu, Ni, S, 

Se, Sm, Tl, V, Zn 

None NCRP-123, 

RADSSL, 

RESRAD, 

Baes paper 

Any elements 

not previously 

listed, 

including H 

and Rn. 

Corn Maize Grain  IAEA 

TRS 472 

14-Cd, Co, Cs, Mn, 

Np, Pb, Po, Pu, Ra, Sr, 

Tc, Th, U, Zn 

Green 

Vegetable 

EA 34-Ag, Am, Au, Ba, 

Br, Ca, Ce, Cl, Cm, 

Cr, Er, Eu, Fe, Ga, I, 

In, La, Lu, Mo, Na, 

Nb, Ni, P, Pm, Rb, 

Ru, S, Sb, Se, Sm, Tl, 

V, Y, Zr 

None NCRP-123, 

RADSSL, 

RESRAD, 

Baes paper 

Any elements 

not previously 

listed, 

including H 

and Rn. 
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TABLE B-1. TRANSFER FACTOR HIERARCHY 

 Primary 

Transfer 

Factor 

Category 

Primary 

Transfer 

Factor 

Source 

Number of Transfer 

Factors from 

Primary Source1 

Secondary 

Transfer 

Factor 

Category 

Secondary 

Transfer 

Factor 

Source 

Number of Transfer 

Factors from 

Secondary Source1,2 

Tertiary 

Transfer 

Factor 

Category 

Tertiary 

Transfer 

Factor 

Source 

Number of 

Transfer 

Factors from 

Tertiary 

Source1,2,3 

Cucumbers Non-Leafy 

Vegetable  

IAEA 

TRS 472 

26-Ag, Am, Cm, Co, 

Cr, Cs, Fe, I, La, Mn, 

Na, Nb, Np, P, Pb, Pu, 

Ra, Ru, Sb, Sr, Te, Th, 

U, Y, Zn, Zr 

Green 

Vegetable 

EA 22- Au, Ba, Br, Ca, 

Ce, Cl, Er, Eu, Ga, In, 

Lu, Mo, Ni, Pm, Po, 

Rb, S, Se, Sm, Tc, Tl, 

V 

None NCRP-123, 

RADSSL, 

RESRAD, 

Baes paper 

Any elements 

not previously 

listed, 

including H 

and Rn. 

Lettuce5 Leafy 

Vegetable  

IAEA 

TRS 472 

35-Ag, Am, Ba, Ce, 

Cl, Cm, Co, Cr, Cs, 

Fe, I, K, La, Mn, Mo, 

Na, Nb, Np, P, Pb, Po, 

Pr, Pu, Ra, Rb, Ru, Sb, 

Sr, Tc, Te, Th, U, Y, 

Zn, Zr 

Green 

Vegetable 

EA 15-Au, Br, Ca, Er, 

Eu, Ga, In, Lu, Ni, 

Pm, S, Se, Sm, Tl, V 

None NCRP-123, 

RADSSL, 

RESRAD, 

Baes paper 

Any elements 

not previously 

listed, 

including H 

and Rn. 

Lima 

Beans 

Legume Seed   IAEA 

TRS 472 

24-Am, Cd, Ce, Cl, 

Cm, Co, Cs, Fe, I, La, 

Mn, Np, Pb, Pm, Po, 

Pu, Ra, Ru, Sb, Sr, Tc, 

Th, U, Zn 

Green 

Vegetable 

EA 24-Ag, Au, Ba, Br, 

Ca, Cr, Er, Eu, Ga, In, 

Lu, Mo, Na, Nb, Ni, 

P, Rb, S, Se, Sm, Tl, 

V, Y, Zr 

None NCRP-123, 

RADSSL, 

RESRAD, 

Baes paper 

Any elements 

not previously 

listed, 

including H 

and Rn. 

Okra Non-Leafy 

Vegetable 

IAEA 

TRS 472 

26-Ag, Am, Cm, Co, 

Cr, Cs, Fe, I, La, Mn, 

Na, Nb, Np, P, Pb, Pu, 

Ra, Ru, Sb, Sr, Te, Th, 

U, Y, Zn, Zr 

Green 

Vegetable 

EA 22- Au, Ba, Br, Ca, 

Ce, Cl, Er, Eu, Ga, In, 

Lu, Mo, Ni, Pm, Po, 

Rb, S, Se, Sm, Tc, Tl, 

V 

 

None NCRP-123, 

RADSSL, 

RESRAD, 

Baes paper 

Any elements 

not previously 

listed, 

including H 

and Rn. 

Onions Root IAEA 

TRS 472 

34-Ag, Am, Ba, Ce, 

Cl, Cm, Co, Cr, Cs, 

Fe, I, La, Mn, Mo, Na, 

Nb, Np, P, Pb, Pm, Po, 

Pr, Pu, Ra, Rb, Ru, Sb, 

Sr, Tc, Te, Th, U, Y, 

Zr 

Root 

Vegetable 

EA 22- Au, Ba, Br, Ca, 

Ce, Cl, Er, Eu, Ga, In, 

Lu, Mo, Ni, Pm, Po, 

Rb, S, Se, Sm, Tc, Tl, 

V 

 

None NCRP-123, 

RADSSL, 

RESRAD, 

Baes paper 

Any elements 

not previously 

listed, 

including H 

and Rn. 

Peas Legume Seed  IAEA 

TRS 472 

24-Am, Cd, Ce, Cl, 

Cm, Co, Cs, Fe, I, La, 

Mn, Np, Pb, Pm, Po, 

Pu, Ra, Ru, Sb, Sr, Tc, 

Th, U, Zn 

Green 

Vegetable 

EA 24-Ag, Au, Ba, Br, 

Ca, Cr, Er, Eu, Ga, In, 

Lu, Mo, Na, Nb, Ni, 

P, Rb, S, Se, Sm, Tl, 

V, Y, Zr 

None NCRP-123, 

RADSSL, 

RESRAD, 

Baes paper 

Any elements 

not previously 

listed, 

including H 

and Rn. 
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TABLE B-1. TRANSFER FACTOR HIERARCHY 

 Primary 

Transfer 

Factor 

Category 

Primary 

Transfer 

Factor 

Source 

Number of Transfer 

Factors from 

Primary Source1 

Secondary 

Transfer 

Factor 

Category 

Secondary 

Transfer 

Factor 

Source 

Number of Transfer 

Factors from 

Secondary Source1,2 

Tertiary 

Transfer 

Factor 

Category 

Tertiary 

Transfer 

Factor 

Source 

Number of 

Transfer 

Factors from 

Tertiary 

Source1,2,3 

Peppers Non-Leafy 

Vegetable 

IAEA 

TRS 472 

26-Ag, Am, Cm, Co, 

Cr, Cs, Fe, I, La, Mn, 

Na, Nb, Np, P, Pb, Pu, 

Ra, Ru, Sb, Sr, Te, Th, 

U, Y, Zn, Zr 

Green 

Vegetable 

EA 22- Au, Ba, Br, Ca, 

Ce, Cl, Er, Eu, Ga, In, 

Lu, Mo, Ni, Pm, Po, 

Rb, S, Se, Sm, Tc, Tl, 

V 

 

None NCRP-123, 

RADSSL, 

RESRAD, 

Baes paper 

Any elements 

not previously 

listed, 

including H 

and Rn. 

Pumpkins Non-Leafy 

Vegetable 

IAEA 

TRS 472 

26-Ag, Am, Cm, Co, 

Cr, Cs, Fe, I, La, Mn, 

Na, Nb, Np, P, Pb, Pu, 

Ra, Ru, Sb, Sr, Te, Th, 

U, Y, Zn, Zr 

Green 

Vegetable 

EA 22- Au, Ba, Br, Ca, 

Ce, Cl, Er, Eu, Ga, In, 

Lu, Mo, Ni, Pm, Po, 

Rb, S, Se, Sm, Tc, Tl, 

V 

 

None NCRP-123, 

RADSSL, 

RESRAD, 

Baes paper 

Any elements 

not previously 

listed, 

including H 

and Rn. 

Snap Beans Legume seed  IAEA 

TRS 472 

24-Am, Cd, Ce, Cl, 

Cm, Co, Cs, Fe, I, La, 

Mn, Np, Pb, Pm, Po, 

Pu, Ra, Ru, Sb, Sr, Tc, 

Th, U, Zn 

Green 

Vegetable 

EA 24-Ag, Au, Ba, Br, 

Ca, Cr, Er, Eu, Ga, In, 

Lu, Mo, Na, Nb, Ni, 

P, Rb, S, Se, Sm, Tl, 

V, Y, Zr 

None NCRP-123, 

RADSSL, 

RESRAD, 

Baes paper 

Any elements 

not previously 

listed, 

including H 

and Rn. 

Tomatoes Non-Leafy 

Vegetable 

IAEA 

TRS 472 

26-Ag, Am, Cm, Co, 

Cr, Cs, Fe, I, La, Mn, 

Na, Nb, Np, P, Pb, Pu, 

Ra, Ru, Sb, Sr, Te, Th, 

U, Y, Zn, Zr 

Green 

Vegetable 

EA 22- Au, Ba, Br, Ca, 

Ce, Cl, Er, Eu, Ga, In, 

Lu, Mo, Ni, Pm, Po, 

Rb, S, Se, Sm, Tc, Tl, 

V 

None NCRP-123, 

RADSSL, 

RESRAD, 

Baes paper 

Any elements 

not previously 

listed, 

including H 

and Rn. 

White 

Potatoes5 

Tuber IAEA 

TRS 472 

30-Am, Ba, Cd, Ce, 

Cm, Co, Cr, Cs, Fe, I, 

La, Mn, Na, Nb, Np, 

P, Pb, Pm, Po, Pu, Ra, 

Ru, Sr, Tc, Te, Th, U, 

Y, Zn, Zr 

 

Root 

Vegetable 

EA 19-Ag, Au, Br, Ca, 

Cl, Er, Eu, Ga, In, Lu, 

Mo, Ni, Rb, S, Sb, Se, 

Sm, Tl, V 

None NCRP-123, 

RADSSL, 

RESRAD, 

Baes paper 

Any elements 

not previously 

listed, 

including H 

and Rn. 

Dairy Beef Milk IAEA 

TRS 472 

31-Am, Ba, Be, Ca, 

Cd, Ce, Co, Cr, Cs, Fe, 

I, Mn, Mo, Na, Nb, Ni, 

P, Pb, Po, Pu, Ra, Ru, 

S, Sb, Se, Sr, Te, U, 

W, Zn, Zr 

Beef Milk EA 20-Ag, Au, Br, Cl, 

Cm, Er, Eu, Ga, In, 

La, Lu, Np, Pm, Rb, 

Sm, Tc, Th, Tl, V, Y 

None NCRP-123, 

RADSSL, 

RESRAD, 

Baes paper 

Any elements 

not previously 

listed, 

including H 

and Rn. 
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TABLE B-1. TRANSFER FACTOR HIERARCHY 

 Primary 

Transfer 

Factor 

Category 

Primary 

Transfer 

Factor 

Source 

Number of Transfer 

Factors from 

Primary Source1 

Secondary 

Transfer 

Factor 

Category 

Secondary 

Transfer 

Factor 

Source 

Number of Transfer 

Factors from 

Secondary Source1,2 

Tertiary 

Transfer 

Factor 

Category 

Tertiary 

Transfer 

Factor 

Source 

Number of 

Transfer 

Factors from 

Tertiary 

Source1,2,3 

Beef Beef IAEA 

TRS 472 

26-Am, Ba, Ca, Cd, 

Cl, Co, Cs, Fe, I, La, 

Mn, Mo, Na, Nb, P, 

Pb, Pu, Ra, Ru, Sb, Sr, 

Te, Th, U, Zn, Zr 

Beef EA 23-Ag, Au, Br, Ce, 

Cm, Cr, Er, Eu, Ga, 

In, Lu, Ni, Np, Pm, 

Po, Rb, S, Se, Sm, Tc, 

Tl, V, Y 

None NCRP-123, 

RADSSL, 

RESRAD, 

Baes paper 

Any elements 

not previously 

listed, 

including H 

and Rn. 

Swine Swine IAEA 

TRS 472 

20-Ag, Am, Ca, Cd, 

Ce, Co, Cs, Cu, Fe, I, 

Mn, Nb, P, Pu, Ru, Se, 

Sr, Tc, U, Zn 

None NCRP-123, 

RADSSL, 

RESRAD, 

Baes paper 

Any elements not 

previously listed, 

including H and Rn. 

None None None 

Poultry Poultry IAEA 

TRS 472 

30-Ag, Am, Ba, Ca, 

Cd, Co, Cs, Cu, Fe, Hg 

I, K, Mn, Mo, Na, Nb, 

Nd, Pm, Po, Pr, Pu, 

Ru, Se, Sr, Tc, Te, U, 

Y, Zn, Zr 

None None None None None None 

Egg Egg IAEA 

TRS 472 

31-Am, Ba, Ca, Cd, 

Ce, Co, Cs, Cu, Fe, I, 

K, La, Mn, Mo, Na, 

Nb, Nd, P, Pm, Po, Pr, 

Pu, Ru, Se, Sr, Tc, Te, 

U, Y, Zn, Zr 

None None None None None None 

Fin fish Fish whole 

body 

IAEA 

TRS 472 

49-Ag, Al, Am, As, 

Au, Ba, Br, C, Ca, Ce, 

Cl, Co, Cr, Cs, Cu, 

Dy, Eu, Fe, Hf, Hg, I, 

K, La, Mg, Mn, Mo, 

Na, Ni, P, Pb, Po, Pu, 

Ra, Rb, Ru, Sb, Sc, Se, 

Sr, Tb, Te, Th, Ti, Tl, 

U, V, Y, Zn, Zr 

Fresh 

Water Fish 

Whole 

Body 

IAEA TRS 

479 

2-Cd, Sn Fish EA Cm, Er, Ga, H, 

In, Lu, Nb, 

Np, Pm, S, 

Sm, Tc 
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TABLE B-1. TRANSFER FACTOR HIERARCHY 

 Primary 

Transfer 

Factor 

Category 

Primary 

Transfer 

Factor 

Source 

Number of Transfer 

Factors from 

Primary Source1 

Secondary 

Transfer 

Factor 

Category 

Secondary 

Transfer 

Factor 

Source 

Number of Transfer 

Factors from 

Secondary Source1,2 

Tertiary 

Transfer 

Factor 

Category 

Tertiary 

Transfer 

Factor 

Source 

Number of 

Transfer 

Factors from 

Tertiary 

Source1,2,3 

Shellfish Freshwater 

Invertebrates 

IAEA 

TRS 472 

Ag, Al, Am, As, Au, 

Ba, Br, C, Ca, Cd, Ce, 

Cl, Cm, Co, Cr, Cs, 

Cu, Eu, Fe, Hf, Hg, I, 

K, La, Lu, Mg, Mn, 

Mo, Na, Np, Pb, Pu, 

Ra, Rb, Ru, Sb, Sc, Se, 

Sm, Sr, Tc, Th, U, V, 

V, Zn 

None None None None None None 

Goat Milk Goat Milk IAEA 

TRS 472 

27-Am, Ba, Ca, Cd, 

Ce, Co, Cr, Cs, Fe, I, 

Mn, Mo, Na, Nb, Ni, 

Np, P, Pb, Pm, Po, S, 

Se, Sr, Te, U, Zn, Zr 

 

None None None None None None 

Sheep Milk Sheep Milk IAEA 

TRS 472 

18-Ba, Ca, Cd, Co, Cr, 

Cs, Fe, I, Mn, Na, Ni, 

P, Pb, Pu, S, Sr, Te, Zn 

None None None None None None 

Sheep 

Meat 

Mutton IAEA 

TRS 472 

15-Ag, Am, Cd, Ce, 

Co, Cs, I, Mn, Na, Pb, 

Pu, Ru, S, Sr, Zn 

Sheep UK-EA 33-Au, Ba, Br, Ca, 

Cl, Cm, Cr, Er, Eu, 

Fe, Ga, In, La, Lu, 

Mo, Nb, Ni, Np, P, 

Pm, Po, Ra, Rb, Sb, 

Se, Sm, Tc, Th, Tl, U, 

V, Y, Zr 

None None None 

Goat Meat Goat IAEA 

TRS 472 

7-Ba, Cs, Nb, Sr, Te, 

Y, Zr 

None None None None None None 

Rice4 Rice IAEA 

TRS 472 

25- Ba, Ca, Cd, Ce, 

Co, Cr, Cs, Fe, I, K, 

La, Mn, Na, Ni, P, Pb, 

Po, Ra, Rb, Se, Sr, Tc, 

Th, U, Zn 

None NCRP-123, 

RADSSL, 

RESRAD, 

Baes paper 

Any elements not 

previously listed, 

including Am, H, Pu, 

and Rn. 

None None None 
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TABLE B-1. TRANSFER FACTOR HIERARCHY 

 Primary 

Transfer 

Factor 

Category 

Primary 

Transfer 

Factor 

Source 

Number of Transfer 

Factors from 

Primary Source1 

Secondary 

Transfer 

Factor 

Category 

Secondary 

Transfer 

Factor 

Source 

Number of Transfer 

Factors from 

Secondary Source1,2 

Tertiary 

Transfer 

Factor 

Category 

Tertiary 

Transfer 

Factor 

Source 

Number of 

Transfer 

Factors from 

Tertiary 

Source1,2,3 

Cereal 

Grains 

Cereal Grain IAEA 

TRS 472 

37- Am, Ba, Cd, Ce, 

Cl, Cm, Co, Cr, Cs, 

Fe, I, K, La, Mn, Mo, 

Na, Nb, Ni, Np, P, Pb, 

Pm, Po, Pr, Pu, Ra, 

Rb, Ru, Sb, Sr, Tc, Te, 

Th, U, Y, Zn, Zr 

None NCRP-123, 

RADSSL, 

RESRAD, 

Baes paper 

Any elements not 

previously listed, 

including H and Rn. 

None None None 

1. Red elements are on the ‘Common Isotopes’ list of EPA calculator webpages. (Am, Co, Cs, H, I, Pu, Ra, Rn, Sr, Tc, Th, U) 

2. Transfer Factors from NCRP-123, RADSSL, and RESRAD are universal soil to plant Transfer Factors that are not specific to a particular plant category or type, but rather 

the element itself. 

3. The Baes paper BVs are divided into two categories. Appendix E shows how these categories are applied to produce. 

4. TRS-472 provides two differing transfer factor derivations for rice. The values derived from radionuclide studies are given in Table 22; the values derived from stable 

element data are presented in Table 23 (TRS-472, pg. 78).  In the event that a transfer factor was provided for the same element in both tables, the most protective transfer 

factor was used. 

5. Apples: with/without peel & crabapples. Citrus: all Berries: blackberry, blueberry, boysenberry, cranberry, elderberry, loganberry, mulberry, & raspberry (other than 

strawberry). Cabbage: brussel sprout, red, savoy, & Chinese celery (bok choy). Lettuce: whole, iceberg, & romaine. White Potatoes: peeled/whole. 
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FIGURE B-1: SOIL TO PLANT TRANSFER FACTOR (BV) FLOW CHART  
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FIGURE B-2: ANIMAL TRANSFER FACTOR (TF) FLOW CHART   
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APPENDIX C. APPLICATION OF MASS LOADING FACTORS



 

C-2 

 

Table C-1 below lists the MLFs that are applied to each individual produce as well as pasture. Columns 2, 3 and 4 list the initial MLF, 

the initial MLF units, and its respective source. The unit conversion column shows the initial MLF in units of grams. If the initial MLF 

was already given in grams, then the column lists none. Once all the MLFs were converted to grams, a moisture content conversion 

factor was applied to convert the dry plant MLFs to fresh plant MLFs. The last two columns list the final MLFs and their units that are 

used in the PRG and DCC calculators. 

 
TABLE C-1. MASS LOADING FACTORS 

 Initial 

MLF 

Initial MLF 

units 

Initial MLF Source Unit 

Conversion 

Units After 

Mass 

Conversion 

Moisture 

Content 

Conversion 

Factor 

Moisture 

Content 

Conversion 

Factor Source 

Final MLF  

(Soil Mass 

Loading 

Factor)  

Final MLF 

Units 

Apples2 0.001  g dry soil /  

g dry plant 

EA (2009) None g dry soil /  

g dry plant 

0.160 EA (2009) 1.60E-04 g dry soil /  

g fresh plant 

Citrus Fruits2 0.001 g dry soil /  

g dry plant 

EA (2009) None g dry soil /  

g dry plant 

0.157 EA (2009) 1.57E-04 g dry soil /  

g fresh plant 

Berries2 0.001 g dry soil /  

g dry plant 

EA (2009) None g dry soil /  

g dry plant 

0.166 EA (2009) 1.66E-04 g dry soil /  

g fresh plant 

Peaches 0.001 g dry soil /  

g dry plant 

EA (2009) None g dry soil /  

g dry plant 

0.150 EA (2009) 1.50E-04 g dry soil /  

g fresh plant 

Pears 0.001 g dry soil /  

g dry plant 

EA (2009) None g dry soil /  

g dry plant 

0.160 EA (2009) 1.60E-04 g dry soil /  

g fresh plant 

Strawberry 0.001 g dry soil /  

g dry plant 

EA (2009) None g dry soil /  

g dry plant 

0.080 EA (2009) 8.00E-05 g dry soil /  

g fresh plant 

Asparagus 0.001 g dry soil /  

g dry plant 

EA (2009) None g dry soil /  

g dry plant 

0.079 EA (2009) 7.90E-05 g dry soil /  

g fresh plant 

Beets 0.001 g dry soil /  

g dry plant 

EA (2009) None g dry soil /  

g dry plant 

0.138 EA (2009) 1.38E-04 g dry soil /  

g fresh plant 

Broccoli 10 mg dry soil /  

g dry plant 

Hinton (1992) 0.01 g dry soil /  

g dry plant 

0.101 SSG 1.01E-03 g dry soil /  

g fresh plant 

Cabbage2 0.001 g dry soil /  

g dry plant 

EA (2009) None g dry soil /  

g dry plant 

0.105 EA (2009) 1.05E-04 g dry soil /  

g fresh plant 

Carrots 0.001 g dry soil /  

g dry plant 

EA (2009) None g dry soil /  

g dry plant 

0.097 EA (2009) 9.70E-05 g dry soil /  

g fresh plant 

Corn 1.7 mg dry soil /  

g dry plant 

Pinder & McLeod 0.0017 g dry soil /  

g dry plant 

0.085 SSG 1.45E-04 g dry soil /  

g fresh plant 

Cucumbers 0.001 g dry soil /  

g dry plant 

EA (2009) None g dry soil /  

g dry plant 

0.040 EA (2009) 4.00E-05 g dry soil /  

g fresh plant 

Lettuce2 260 mg dry soil /  

g dry plant 

Hinton (1992) 0.26 g dry soil /  

g dry plant 

0.052 SSG 1.35E-02 g dry soil /  

g fresh plant 

Lima Beans 45 mg dry soil /  

g dry plant 

Hinton (1992) 0.045 g dry soil /  

g dry plant 

0.085 SSG 3.83E-03 g dry soil /  

g fresh plant 
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TABLE C-1. MASS LOADING FACTORS 

 Initial 

MLF 

Initial MLF 

units 

Initial MLF Source Unit 

Conversion 

Units After 

Mass 

Conversion 

Moisture 

Content 

Conversion 

Factor 

Moisture 

Content 

Conversion 

Factor Source 

Final MLF  

(Soil Mass 

Loading 

Factor)  

Final MLF 

Units 

Okra 0.001 g dry soil /  

g dry plant 

EA (2009) None g dry soil /  

g dry plant 

0.080 EA (2009) 8.00E-05 g dry soil /  

g fresh plant 

Onions 0.001 g dry soil /  

g dry plant 

EA (2009) None g dry soil /  

g dry plant 

0.097 EA (2009) 9.70E-05 g dry soil /  

g fresh plant 

Peas 0.001 g dry soil /  

g dry plant 

EA (2009) None g dry soil /  

g dry plant 

0.178 EA (2009) 1.78E-04 g dry soil /  

g fresh plant 

Peppers3 30 mg dry soil /  

g dry plant 

Hinton (1992) 0.030 g dry soil /  

g dry plant 

0.074 SSG 2.22E-03 g dry soil /  

g fresh plant 

Pumpkins 0.001 g dry soil /  

g dry plant 

EA (2009) None g dry soil /  

g dry plant 

0.058 EA (2009) 5.80E-05 g dry soil /  

g fresh plant 

Snap Beans1 45 mg dry soil /  

g dry plant 

Hinton (1992) 0.045 g dry soil /  

g dry plant 

0.111 SSG 5.00E-03 g dry soil /  

g fresh plant 

Tomatoes 30 mg dry soil /  

g dry plant 

Hinton (1992) 0.030 g dry soil /  

g dry plant 

0.059 SSG 1.77E-03 g dry soil /  

g fresh plant 

White Potatoes2 0.001 g dry soil /  

g dry plant 

EA (2009) None g dry soil /  

g dry plant 

0.210 EA (2009) 2.10E-04 g dry soil /  

g fresh plant 

Pasture 250 mg dry soil /  

g dry plant 

Hinton (1992) 0.25 g dry soil /  

g dry plant 

N/A N/A N/A N/A 

Cereal Grains1 250 mg dry soil /  

g dry plant 

Hinton (1992) 0.25 g dry soil /  

g dry plant 

N/A N/A N/A N/A 

Rice1 250 mg dry soil /  

g dry plant 

Hinton (1992) 0.25 g dry soil /  

g dry plant 

N/A N/A N/A N/A 

1. Bush beans were a surrogate for lima beans and snap beans. Pasture was a surrogate for cereal grains and rice. 

2. Apples: with/without peel & crabapples. Citrus: all Berries: blackberry, blueberry, boysenberry, cranberry, elderberry, loganberry, mulberry, & raspberry (other than 

strawberry). Cabbage: brussel sprout, red, savoy, & Chinese celery (bok choy). Lettuce: whole, iceberg, & romaine. White Potatoes: peeled/whole. 

3. The tomato initial mass loading factor was used as a surrogate for peppers. 
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APPENDIX D. AGE SEGMENT AND BODY WEIGHT SENSITIVITY 

ANALYSIS  



 

D-2 

To support selection of the most appropriate age segment used to derive adult intake rates and whether a single body weight or 

age-specific body weight should be used to derive both child and adult intake rates, a sensitivity analysis was conducted. The purpose 

of the analysis was to determine whether a particular age segment or body weight had a significant effect on intake rates.  

 

Biota specific intake rates were calculated for each age segment provided in the Exposure Factors Handbook. Both a general, 

representative of children and adults, and age-specific body weights were then applied to each calculated intake rate. Figure D-1 shows 

the general and age-adjusted body weights that were used for each age segment. Figure D-1 below displays the body weights used for 

each age segment in the sensitivity analysis. Age is in years and body weight is in kg. The values in the adjusted column are calculated 

average body weights for the given age segment based on EFH 2011 table 8-11. The values in the general column come from OSWER 

directive 9200.1-120. 

  

 
FIGURE D-1. BODY WEIGHTS 

 

Table D-1 demonstrates the effect of using different body weights to determine intake rates in children. The sensitivity analysis indicated 

that the effect of using an age adjusted child body weight in place of a general child body weight for farmer was slightly more protective 

53% of the time. For resident, using a general child body weight was slightly more protective 52% of the time. 

 

Table D-2 demonstrates the effect of using both a general and age-adjusted body weight and different age segments for adults. It was 

determined that using a general body weight was the most protective 83.6% of the time for adults. The most protective intake rates came 

from the age segment 21+. This aligns with the OSWER Directive 9200.1-120, where an adult is 21+ years. 
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Table D-1: Green cells represent the most protective intake rates across all age segments and body weights. 

 
TABLE D-1. CHILD INTAKE RATE SENSITIVITY TEST 

 Child Body 

Weight (kg) 

 Farmer Child 

(g/day) (FW) 

 Resident Child 

(g/day) (FW) 

Child Body 

Weight (kg) 

 Farmer Child 

(g/day) (FW) 

 Resident Child 

(g/day) (FW) 

Apples General 77.9 67.8 Age Adjusted 71.0 61.8 

Citrus Fruits General 179.2 179.2 Age Adjusted 183.3 183.3 

Berries  General 21.5 21.5 Age Adjusted 21.7 21.7 

Peaches General 96.9 108.7 Age Adjusted 85.6 96.0 

Pears General 75.8 66.0 Age Adjusted 66.1 57.6 

Strawberries General 23.2 23.2 Age Adjusted 23.9 23.9 

Asparagus General 10.9 10.9 Age Adjusted 10.3 10.3 

Beets General 6.0 6.0 Age Adjusted 6.4 6.4 

Broccoli General 14.2 12.7 Age Adjusted 13.8 12.3 

Cabbage General 12.3 13.1 Age Adjusted 12.4 13.3 

Carrots General 11.9 13.3 Age Adjusted 12.0 13.3 

Corn General 27.1 19.9 Age Adjusted 26.0 19.1 

Cucumbers General 13.9 20.9 Age Adjusted 15.2 22.9 

Lettuce General 3.2 3.2 Age Adjusted 3.6 3.6 

Lima Beans General 21.7 21.7 Age Adjusted 19.6 19.6 

Okra General 8.5 8.5 Age Adjusted 8.9 8.9 

Onions General 6.7 5.3 Age Adjusted 7.0 5.5 

Peas General 20.2 22.4 Age Adjusted 16.6 18.4 

Peppers General 8.0 6.4 Age Adjusted 8.7 6.9 

Pumpkins General 22.1 22.1 Age Adjusted 17.8 17.8 

Snap Beans General 24.2 23.9 Age Adjusted 22.2 21.9 

Tomatoes General 32.8 28.0 Age Adjusted 32.7 27.9 

White Potatoes General 48.2 43.5 Age Adjusted 48.3 43.5 

Dairy General 944.6 n/a Age Adjusted 933.2 n/a 

Beef General 62.1 n/a Age Adjusted 65.1 n/a 

Swine General 29.4 n/a Age Adjusted 31.1 n/a 

Poultry General 45.6 n/a Age Adjusted 46.3 n/a 

Egg General 28.4 n/a Age Adjusted 26.7 n/a 

Fin fish General 36.1 n/a Age Adjusted 34.6 n/a 

Shellfish General 21.3 n/a Age Adjusted 21.3 n/a 
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Table D-2: Green cells represent the most protective intake rates across all age segments and body weights. 

 
TABLE D-2. ADULT INTAKE RATE SENSITIVITY TEST 

 

General Adult Body Weight (kg) Age Adjusted Adult Body Weight (kg) 

Farmer 

6-40          

(g/day) 

(FW) 

Farmer 

6-50+ 

(g/day) 

(FW) 

Farmer 

21+ 

(g/day) 

(FW) 

Resident 

6-26          

(g/day) 

(FW) 

Resident 

6-50+          

(g/day) 

(FW) 

Resident 

21+          

(g/day) 

(FW) 

Farmer 

6-40 

(g/day) 

(FW) 

Farmer 

6-50+ 

(g/day) 

(FW) 

Farmer 

21+ 

(g/day) 

(FW) 

Resident 

6-26          

(g/day) 

(FW) 

Resident 

6-50+ 

(g/day) 

(FW) 

Resident 

21+ 

(g/day) 

(FW) 

Apples 97.7 94.1 82.5 89.1 81.9 71.8 80.1 80.8 82.5 69.2 70.4 82.5 

Citrus Fruits 361.9 357.6 344.1 367.4 357.6 344.1 287.7 301.5 344.1 270.4 301.5 344.1 

Berries 42.4 40.6 34.6 44.9 40.6 34.6 33.1 33.5 34.6 32.7 33.5 34.6 

Peaches 123.3 118.1 101.3 146.0 132.5 113.7 96.0 97.5 101.3 105.9 109.3 101.3 

Pears 75.2 71.4 59.4 69.8 62.2 51.8 57.8 58.2 59.4 50.0 50.7 59.4 

Strawberries 50.0 47.3 38.2 53.7 47.3 38.2 38.4 38.5 38.2 38.5 38.5 38.2 

Asparagus 35.5 35.5 35.6 35.4 35.5 35.6 29.9 31.3 35.6 28.1 31.3 35.6 

Beets 33.6 33.7 33.7 33.6 33.7 33.7 28.5 29.8 33.7 26.9 29.8 33.7 

Broccoli 36.7 36.7 36.7 32.8 32.8 32.8 30.8 32.2 36.7 25.9 28.8 36.7 

Cabbage 75.8 78.9 88.5 76.9 84.4 94.7 65.9 71.5 88.5 63.1 76.5 88.5 

Carrots 27.2 26.3 23.4 31.5 29.2 26.0 21.7 22.1 23.4 23.5 24.6 23.4 

Corn 80.2 80.2 79.2 59.2 58.8 58.1 67.8 70.8 79.2 47.3 51.9 79.2 

Cucumbers 53.9 53.5 51.0 82.5 80.2 76.5 44.0 46.1 51.0 63.2 69.1 51.0 

Lettuce 32.9 33.9 37.2 31.6 33.9 37.2 29.7 31.5 37.2 27.4 31.5 37.2 

Lima Beans 32.9 33.1 33.3 32.8 33.1 33.3 27.7 29.1 33.3 26.1 29.1 33.3 

Okra 32.5 32.0 30.4 33.2 32.0 30.4 27.3 28.1 30.4 26.4 28.1 30.4 

Onions 27.3 27.3 27.3 21.5 21.5 21.5 23.5 24.4 27.3 17.6 19.2 27.3 

Peas 33.8 33.2 31.4 38.3 36.8 34.9 28.3 29.1 31.4 30.3 32.2 31.4 

Peppers 23.1 23.3 23.6 18.4 18.6 18.8 20.1 21.0 23.6 15.2 16.8 23.6 

Pumpkins 58.5 59.9 64.0 56.8 59.9 64.0 51.0 54.2 64.0 47.1 54.2 64.0 

Snap Beans 56.7 56.0 53.3 57.1 55.3 52.7 47.7 49.1 53.3 45.4 48.5 53.3 

Tomatoes 101.9 99.6 91.8 89.6 84.9 78.2 83.1 85.4 91.8 68.7 72.8 91.8 

White Potatoes 143.4 142.4 137.6 131.1 128.4 124.1 119.7 124.5 137.6 103.2 112.2 137.6 

Dairy 1341.8 1182.6 692.6 n/a n/a n/a 993.7 919.6 692.6 n/a n/a n/a 

Beef 199.7 191.6 167.1 n/a n/a n/a 160.9 162.3 167.1 n/a n/a n/a 

Swine 110.5 106.4 94.0 n/a n/a n/a 91.0 91.6 94.0 n/a n/a n/a 

Poultry 128.3 122.9 105.6 n/a n/a n/a 104.0 104.6 105.6 n/a n/a n/a 

Egg 67.1 65.3 60.1 n/a n/a n/a 55.5 56.6 60.1 n/a n/a n/a 

Fish 149.7 159.7 155.9 n/a n/a n/a 116.4 142.6 155.6 n/a n/a n/a 

Shellfish 160.6 187.0 208.9 n/a n/a n/a 139.0 175.9 208.5 n/a n/a n/a 
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Table D-3: As indicated by the yellow cells, generally, the most protective intake rates are those calculated using a general body 

weight and age segment of 21+. 

 
TABLE D-3. RESULTS OF SENSITIVITY TESTS 

 
Total # of 

Green 

Cells 

% Green Cells 

in Each Body 

Weight 

Category 

# of Green 

Cells in Age 

Segments 6-26 

and/or 6-40 

% Green Cells 

in Age 

Segments 6-26 

and/or 6-40 

# of Green 

Cells in Age 

Segment 

6-50+ 

% Green Cells 

in Age 

Segment 

6-50+ 

# of Green 

Cells in Age 

Segment 21+ 

% Green Cells in 

Age Segment  

21+ 

Most 

Protective 

Age 

Segment 

General 

BW 
52 83.6% 31 100.0% 5 100.0% 16 45.7% 6-50+ 

Age-

Adjusted 

BW 

19 16.4% 0 0.0% 0 0.0% 19 54.29% 21+ 

Both BW 71 100.0% 31 43.7% 5 7.0% 35 49.3% 21+ 

Most 

Protective 

BW 

 General  General  General  Age-Adjusted  
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APPENDIX E. BAES PRODUCE CATEGORIES 
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Figure E-1: The flow chart below illustrates how Leafy Vegetables use Bᵥ whereas Exposed Produce, Protected Produce, and Grains 

use Bᵣ. 

 
FIGURE E-1. BAES SOIL TO PLANT TRANSFER FACTOR FLOW CHART 
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Table F-1 below shows how these values are applied to the 25 produce types that are now available in the 

PRG and DCC calculators.  For simplicity, the PRG and DCC calculators refer to all soil to plant transfer 

factors as Bᵥ.  

 
TABLE E-1. PRODUCE DELINEATION FOR BAES BV’S 

 Produce Category Bv or Br 

Apples1 Exposed Bᵣ (exposed produce) 

Citrus Fruits1 Protected Bᵣ (protected produce) 

Berries1 Exposed Bᵣ (exposed produce) 

Peaches Exposed Bᵣ (exposed produce) 

Pears Exposed Bᵣ (exposed produce) 

Strawberry Exposed Bᵣ (exposed produce) 

Asparagus Exposed Bᵣ (exposed produce) 

Beets3 Protected Bᵣ (protected produce) 

Broccoli Leafy Bᵥ (leafy vegetable) 

Cabbage1 Leafy Bᵥ (leafy vegetable) 

Carrots Protected Bᵣ (protected produce) 

Corn Grain Bᵣ (protected produce) 

Cucumbers Exposed Bᵣ (exposed produce) 

Lettuce1 Leafy Bᵥ (leafy vegetable) 

Lima Beans Protected Bᵣ (protected produce) 

Okra Exposed Bᵣ (exposed produce) 

Onions Protected Bᵣ (protected produce) 

Peas Protected Bᵣ (protected produce) 

Peppers Exposed Bᵣ (exposed produce) 

Pumpkins2 Exposed Bᵣ (exposed produce) 

Snap Beans Exposed Bᵣ (exposed produce) 

Tomatoes Exposed Bᵣ (exposed produce) 

White Potatoes1 Protected Bᵣ (protected produce) 

Cereal Grains Grain Bᵣ (grain) 

Rice Grain Bᵣ (grain) 

1. Apples: with/without peel & crabapples. Citrus: all Berries: blackberry, blueberry, boysenberry, cranberry, 

elderberry, loganberry, mulberry, & raspberry (other than strawberry). Cabbage: brussel sprout, red, savoy, & 

Chinese celery (bok choy). Lettuce: whole, iceberg, & romaine. White Potatoes: peeled/whole. 

2. In the BAES document page 13, paragraph 7, sentence 2 refers to a Bᵣ for pumpkin. Pumpkin is also considered a 

squash, which is an exposed produce according to Table 2.3. 

3. According to Table 2.3, Sugarbeets are protected produce. Since sugarbeets are the same species as table beets 

(Beta Vulgaris L), the same BV is used. 
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Figure E-2 is Table 2.3 from Baes et al. (1984). This table was used to determine which of the produce categories each of the 

individual produce, offered in the PRG and DCC calculators, belongs to and, therefore, which BAES soil to plant BV to use.  

 

 
FIGURE E-2. BAES PRODUCE CATEGORIES 
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Figure E-3 is Table 3.1 from BAES. This table was used to determine 

which of the produce categories each of the individual produce, offered 

in the PRG and DCC calculators, belongs to and, therefore, which soil 

to plant BV to use from the Baes paper.   
 

 
FIGURE E-3. BAES LEAFY VEGETABLE CATEGORY 

 

 

 

 

 

 

Figure E-4 is Table 3.2 from BAES. This table was used to determine 

which of the produce categories each of the individual produce offered 

in the PRG and DCC calculators belongs to and, therefore, which soil 

to plant BV to use from the Baes paper.   

 
FIGURE E-4. BAES EXPOSED PRODUCE CATEGORY 
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Figure E-5 is Figure 2.1 from the Baes paper and provides Bᵥ values that should be used for leafy vegetables. Bᵥ whereas Exposed 

Produce, Protected Produce, and Grains use Bᵣ. 
 

 
FIGURE E-5. BAES LEAFY VEGETABLE BVS 

 



 

E-7 

Figure E-6 is Figure 2.2 from the Baes paper and provides Bᵣ values that should be used for protected produce, exposed produce, and 

grains. 
 

 
FIGURE E-6. BAES OTHER THAN LEAFY VEGETABLE BV’S 
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APPENDIX F. WATER, SOIL, AND FODDER INTAKE RATES BY 

ANIMALS
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Table F-1 below lists the fodder, water, and soil intake rates of the farm animals that are offered in the PRG and DCC calculators. 

 
 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
a. NRC 1994: (Qw = 2 x Qp) and (Qs = 10% of Qp) 

b. Lyons et. al. 1999. Mutton Qp = 3.5% of body weight; Goat Qp = 4% of body weight; Dairy Sheep Qp = 1.5% x Mutton Qp; Dairy 

Goat Qp = 1.5% x Goat Qp. 

c. OMAFRA Water Requirements of Livestock Factsheet (body weight for dairy sheep 90kg, body weight for feeder lamb 50kg) 

d. Handbook of Ecotoxicology 2002: Qs = 18% of Qp for sheep. Due to lack of sufficient data for soil intake of goats, this figure was 

also used to determine Qs for goats. 

e. Guidelines to Feeding and Management of Dairy Goats (Goat Qw = 3 x Qp; Dairy Goat Qw = average production milk x average 

consumption of water per 1 L of milk produced)  

f. HHRAP 2005 

g. NEC Swine Nutrition Guide 

h. HHRAP 1998 

i. Data Collection for the Hazardous Waste Identification Rule, U.S. EPA 1999

TABLE F-1. ANIMAL FODDER, WATER, AND SOIL INTAKE RATES 

 Fodder  

Intake  

(Qp) kg/day 

Fodder  

Intake  

Source 

Water  

Intake  

(Qw) L/day 

Water 

Intake 

Source 

Soil  

Intake  

(Qs) kg/day 

Soil 

Intake 

Source 

Dairy (Cow) 20.3 f 92 i 0.4 f 

Beef 11.77 f 53 i 0.5 f 

Swine 4.7 f 11.4 g,h 0.37 f 

Poultry (Chicken) 0.2 f 0.4 a,f 0.022 f 

Goat Milk 1.59 b,e 8.75 e 0.29 d 

Sheep Milk 3.15 b,c 10.4 c 0.57 d 

Sheep Meat 1.75 b,c 5.2 c 0.32 d 

Goat Meat 1.27 b 3.81 e 0.23 d 

Duck 0.24 a 0.48 a 0.024 a 

Turkey 0.68 a 1.36 a 0.068 a 

Goose 0.33 a 0.66 a 0.033 a 
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APPENDIX G. PLANT UPTAKE IN NON-IRRIGATION SCENARIOS
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When crops are grown in contaminated soil, the primary mechanisms for the contaminant to 

assimilate in the produce are through root uptake and soil mass loading onto the plant surface. 

Equation G-1 depicts the application of the BVwet and the MLF in a PRG and/or DCC. See 

references NCRP (1996) and University of Tennessee (1999) for more information. 
 

EQUATION G-1. CONSUMPTION OF PRODUCE BACK CALCULATED TO SOIL 
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PRG pCi/g  = 
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n 1
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where:
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Root Uptake (Rupv) 

Plants are exposed to contaminants in soil through root uptake. The model used to account for this 

exposure involves dividing a PRG, derived to give a protective concentration in produce consumed 

by human, by a contaminant-specific soil to plant transfer factor (BVwet) as shown in Equation 

G-1. A BVwet is defined as the ratio of the concentration of the contaminant in fresh plant tissue to 

the concentration in dry soil (pCi/g-fresh plant per pCi/g-dry soil) and are a measure of how much 

of the soil contamination is transferred to plant tissues by root uptake. Site-specific BVwet values 

are preferred but in the absence of site-specific values, default values can be applied. Section 3.2 

describes the transfer coefficient hierarchy used for animal products and produce calculations in 

the PRG and DCC calculators. 
 

Resuspension (Res) 

When crops are grown in contaminated soil the primary mechanisms for the contaminant to 

assimilate in the produce are through root uptake and soil mass loading onto the plant surface. 

Equation G-1 depicts the application of the BVwet and the MLF in a PRG and/or DCC. 

Contaminants in surface soil layers can be resuspended by wind or mechanical disturbances such 

as rain, irrigation, or farm equipment. Resuspended soil particles may then be deposited on plant 

surfaces. Contaminant concentrations are usually higher in soil than in plants, so even small 

amounts of soil on plant surfaces can make a significant contribution to exposure through 

ingestion. For relatively insoluble metals, greater quantities may be ingested with soil particles on 

plant surfaces than those that were incorporated into the internal tissues of the plant. In 

environments where resuspension prevails, direct deposition on plant foliage may exceed root 

uptake. All forms of resuspension are accounted for in the MLF. 
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MLFs can be multiplied by the contaminant concentration in the resuspended soil fraction to derive 

the contaminant concentration in the plant. The PRG for the direct consumption of produce is 

divided by the MLF as shown in Equation G-1. Many plant-specific MLFs are given in Appendix 

C of this TM.
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APPENDIX H. PLANT UPTAKE IN IRRIGATION SCENARIOS



 

H-2 

 

When crops are irrigated with contaminated water, the soil becomes contaminated and root uptake 

occurs into the plant. Additionally, resuspension of soil onto the plant and direct deposition onto 

the plant occurs. BVwet’s, MLFs, and interception fractions are used to account for root uptake, 

resuspension, and deposition, respectively, in determining the mass or activity of a contaminant in 

plants. 

 

The irrigation rate and irrigation frequency define the amount and duration of water, and 

subsequently contaminant, applied to crops. Irrigation of produce, either for human or farm animal 

consumption, should be evaluated for appropriateness at a site. Generally, in areas with high 

rainfall, irrigation is less common. Additionally, irrigation of pasture for farm animal fodder is 

even less common. Ideally, site-specific data on irrigation rates and frequency should be used. 

Equation H-1 depicts the use of the three ways contaminants can get in and/or on plants from 

irrigation. See references NCRP (1996) and University of Tennessee (1999) for more information. 

 
 

EQUATION H-1. CONSUMPTION OF PRODUCE BACK CALCULATED TO WATER 
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Root Uptake (Irrrup) 

Root uptake occurs within the root zone depth of soil. Over time (tb), the soil will become 

contaminated from the contaminants in the irrigation water due to deposition and buildup. This 

value is based on 30 years for resident and farmer but could be set to a site-specific or default 

exposure duration. The depth of the root zone (0.15 m) is multiplied by the soil density (1600 

kg/m³) to give an aerial soil density (P) in kg/m². Over time, the contaminant will also be removed 

(λB) from the soil by radioactive decay, harvest, and leaching through the root zone. A 70-year 

removal half-time of 0.000027/d for harvesting and leaching is used. Equation H-2 depicts root 

uptake from irrigation considering long-term deposition and removal rates. 
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EQUATION H-2. ROOT UPTAKE FROM IRRIGATION 
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Resuspension (Irrres) 

The MLF is defined as the ratio of the mass of soil on vegetation per mass of dry (or fresh) 

vegetation. It is multiplied by the contaminant concentration in surface soil to determine the 

concentration of the contaminant deposited on the plant via resuspension. Site-specific and plant-

specific mass loading factors are preferred. Appendix C presents the default MLFs used in the 

PRG and DCC calculators for each produce. Equation H-3 depicts resuspension from irrigation 

considering long-term deposition and removal rates. 
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EQUATION H-3. RESUSPENSION FROM IRRIGATION 
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Aerial Deposition from Irrigation (Irrdep) 

Irrigation water deposited on the plant surface can result in contaminated plant tissue. The 

irrigation rate, irrigation frequency, and the ability of the plant to intercept the water are the 

primary factors considered in ariel deposition from irrigation. The interception fraction (Ir) 

accounts for the proportion of aerial deposition that is intercepted by plant surfaces. Different 

plants have different interception fractions. The density (proximity of other plants) and size 

throughout the growing season can impact the interception fraction. A value of 0.42 (unitless) is 

used for all plant types in the PRG and DCC, however, a site-specific interception fraction can be 

substituted if available. 

 

The translocation factor (T) is used to account for movement of contaminants from plant surfaces 

on which they were deposited to the edible portions of plants. The edible portion of leafy 

vegetables and pasture grasses are the leaf surfaces, so the translocation factor is set to 1.0 for these 

plant types and used as a default for all other plants. The plant yield (Y) is issued in the deposition 

model to represent the mass produced per area. The plant yield, combined with the irrigation rate, 

estimates the amount of contaminant on the plant. Different plant types have different plant yields 

and site-specific values are encouraged. Weathering and radioactive removal (λE) account for the 

removal of deposited material from the plant and radioactive decay.  The time for weathering 

half-life (tw) is set at 14 days. Most crops are planted as seeds and after germination are above 

ground and then exposed to deposition. This time (tv) varies by plant type and growing season 

conditions. Equation H-3 depicts interception from irrigation considering soil yield, weathering, 

and growing season conditions. 
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EQUATION H-3. AERIAL DEPOSITION FROM IRRIGATION 
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APPENDIX I. DERIVATION OF CARBON SOIL TO PLANT 

TRANSFER FACTOR  
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The derivation of the default transfer factor for carbon came from personal email communication 

with carbon expert, Dr. Mike Thorne. Mike is affiliated with Quintessa, a consulting company 

based in the UK that specializes in research on a low carbon energy future. The email exchange is 

presented on the following pages.  



 

I-3 



 

I-4 



 

I-5 



 

I-6 



 

I-7 



 

I-8 



 

I-9 

 


