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Disclaimer

This document provides technical and policy guidance to EPA staff for contaminated
sites. It also provides information to the public and to the regulated community on how EPA
intends to exercise its discretion in implementing its regulations at contaminated sites. The
guidance is designed to implement national policy on these issues. The document does not,
however, substitute for EPA's statutes or regulations, nor is it a regulation itself. Thus, it cannot
impose legally-binding requirements on EPA, States, or the regulated community, and may not
apply to a particular situation based upon the circumstances. Rather, the document suggests
approaches that may be used at particular sites, as appropriate, given site-specific circumstances.
EPA may change this guidance in the future, as appropriate.
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U.S. Environmental Protection Agency Technical Review
Workgroup Lead Committee
MEMBERS

The members and participants of the Technical Review Workgroup (TRW) Lead
Committee are technical staff from EPA Regions, EPA Program Offices and Agency for Toxic
Substances and Disease Registry. TRW Lead Committee members and participants generally
have an active interest and recognized scientific expertise in metals risk assessment. For more

information see: https://www.epa.gov/superfund/lead-superfund-sites-technical-assistance.



https://www.epa.gov/superfund/lead-superfund-sites-technical-assistance

SYSTEM REQUIREMENTS AND DESIGN FOR IEUBK v2

This page intentionally left blank.



SYSTEM REQUIREMENTS AND DESIGN FOR IEUBK v2 Y

Table of Contents

DISCIAIMIET ...ttt b bbb bbbt e bt b e s bbb e e st e bt e bt et e st s b et e e e e eneene s ii
IVIBIMIDETS ..ottt b b bbb e R s b e bbbt b bt e Rt b bbb s iii
LI o] L0 0] 1 =TSRSS Y
I 0 =0 LSRR vii
T A0 T [0TSRSO iX
O [ (oo [0 ot 1T  HO OSSOSO P TSP PR 1
11 PUI DO ettt eee b eerhee b eeee b e bttt R bbb et e et e b be e be e e nrae s 1
1.2 2 =163 (0 ] (00 T P SRRPRSR 1
1.3 {00 oL OOV P T URTOPTOPRTO 1
14 AN o] 0] (0 o o SRS 2
15 SYSTEIM RETEIEINCES ... ettt e te st st e ste e e naesaeeneeneas 3
1.6 Terms and ADDIEVIALIONS ..........oiiii e 3
1.7 RETErenCEd DOCUMENES .....cuveiiieiieie sttt ettt st te et este et e stesneesaesteenaenreas 4
1.8 Organization Of ThiS DOCUMENT.........ccuiiiiiiiiieieeeeeee e 5
2.0 SYSIEM REQUITEIMENTS. ... ..ueevtiitieiete sttt e et e st e s te et e s beeseesbeste e s e steasaestesteesbesbeeseebesseeeenrn 7
2.1 SYSTEM DEFINITION ...ttt e sre e e seesneeneeneas 7
211 System CONCEPL AN PUIPOSE .......ooueiieeieiieieiie st eee sttt see st tee et ee st e e stesneeseesreeneesaeereenee e 7
2.1.2 System Sizing and Timing REQUIFEMENTS ........cccueiiiierieiece e 7
2.1.3 DESIGN SEANAAIGS. ......cviiieiecieee e re et re e e sbe s e e stesreenaenre s 7
214 Design Constraints and ASSUMPLIONS. .........oiiiiriiiiee e et seee e e enee e 8

2.2 System Hardware and Software ReqUIrEMENTS. .........ccooveiiiiiiiiiie e 8
2.3 FUNCLIONAl REQUITEMENTS .....eviiieie ettt sttt te e e b e neesaesreenaenre s 8
231 EXPOSUIE COMPONENT.....oiiiiiiiitie ittt ettt ettt ettt ettt st e e sb e et b e e b e b e e sbe e sbeesaneenne e 14
2311 Air Lead EXPOSUre MOGUIE.........coiieiieee et 14

2.3.1.2 Dietary Lead EXPOSUre MOAUIE .........cceoveiiiiiiciese e 15

2.3.1.3 Water Lead EXPOSUIe MOAUIE ........c.oovviiieiiiiiecce et 18

2314 Soil Lead EXposure Module...........coooviioiiiiee e 19

2.3.15 Dust Lead EXPOSUIE MOTUIE. .........cciiiiiieieieisse s 20

2.3.16 Exposure Component PArameters ...........ccooiieeieninieesieeee e s 23

2.3.2  UPtaKe COMPONENL ......cviiiiiiieiiese ettt eneatestesaeneeseeneenennens 30
2.3.3 BiOKINEtIC COMPONENT ......uiiiiiieiieciece ettt st be st sr e s be b s besae e 32
2.34 Probability Distribution COMPONENT..........cc.oiiiiiiiiiii e 33

3.0 SOftWAre Detail DESION ....ccuveieiticeie ittt st st e et e b e s be et e e sresteenaenreaneere e 35
3.1 Overall Design DESCIIPLION. .........ciiiieie ettt et e sreenaenre s 35
3.11 (a0 L - ST 35
3.1.2 LO70] 111 () USSR 35
3.1.3 Error HANAIING ....ovecc ettt ettt ne e esbeenae e 35
3.14 (D 1 QO] 1Y £ [0 o ST 36
3.15 TESE SEIUCKUIE ...ttt b ettt ettt e e be e sbe e sb e e bb e e b e e nbeenneeas 36
3.1.6 MaANUAI PrOCEAUIES. ......eiieie ettt sttt e ste et e saesteenaesteeneestesneenee e 36

3.2 EXPOSUIE COMPONENT.......eiiiitietieie ittt sttt b ettt sb et b e bbb e enn e 36
3.21  Air Lead EXPoSure MOQUIE..........ooi ittt 37
3.2.2 Dietary Lead EXPOSUre MOUIE ...........ccoiiiiiiiic s 38

3.2.3  Water Lead EXPOSUre MOGUIE .........cooviiiiiiiiice e 39



SYSTEM REQUIREMENTS AND DESIGN FOR IEUBK v2 vi

3.24  Soil/Dust Lead EXPOSUrE MOUUIE .........occviiiiiiecie ettt 40
3.25 Maternal Lead EXPOSUre MOAUIE...........ooiiiie e 41
3.2.6 Other Lead EXPOSUIre MOAUIE .........ooiiiiee et 41
3.2.7 G1/Bioavailability MOAUIE .........ccccuiiiiiie e 42
3.3 UPLaKe COMPONENT .......eiiieiciecie et ettt et e te et e s beeseesaesteenaesteaneenee e 42
34 = 10) (3 o @0 1] 100 L=T o | PSSR 42

4.0 Documentation fOr the TEUBK V2 .......vvieiiiie ettt ettt ettt e e et e ettt e e e e s s se et eeeesseesserrareeeeeessannes 43



SYSTEM REQUIREMENTS AND DESIGN FOR IEUBK v2 vii

List of Tables

Table 1. Terms and ADDIEVIALIONS..........coiiiiiiiieiie et 4
Table 2. Values for the new consumption variables that were added to version 1, build 264..... 17



SYSTEM REQUIREMENTS AND DESIGN FOR IEUBK v2 viii

This page intentionally left blank.



SYSTEM REQUIREMENTS AND DESIGN FOR IEUBK v2

List of Figures

Figure 1. SyStem Life CYCIE. ..o e
Figure 2. Biological Structure of the IEUBK v2 Model. ..........cccoeoviiiiiiiiecece e,
Figure 3. Mathematical Structure of the IEUBK v2 Model...........cccooiiieiiniiiiice e,
Figure 4. Iterative Procedure for Determining Compartmental Lead Masses in Biokinetic
COMPONENL. ...ttt ettt be e e bt e e b e e e st e e eh e e e bt e eme e e nbeesrneebeeenneennee e

.2



SYSTEM REQUIREMENTS AND DESIGN FOR IEUBK v2

This page intentionally left blank.



SYSTEM REQUIREMENTS AND DESIGN FOR THE IEUBK v2 1

1.0 Introduction

1.1 PURPOSE

This System Requirements and Design document is an all-inclusive synopsis of the requirements
for the development of the Integrated Exposure Uptake Biokinetic Model for Lead in Children
(IEUBK). It documents the design and implementation of the software and is intended as a
reference which can be used in the future for model enhancement or modification. The
requirements portion of this document describes, in detail, the parameters and equations that are
used in the IEUBK v2 model. The design portion describes the structure and details of the
design of the model. The variable values and other information shown are current as of the date
of this document. Earlier or subsequent versions or builds of the IEUBK model may differ from
what is shown herein.

1.2 BACKGROUND

The IEUBK model is a standalone, personal computer (PC)-compatible software package. The
model allows the user to estimate a plausible distribution of blood lead concentrations for a
hypothetical child or population of children. This distribution is centered on the geometric mean
blood lead concentration which is predicted from available information about the child and
his/her exposure to lead. From this distribution, the model estimates the probability that a child’s
blood lead concentration will exceed a certain level of concern (either user-selected or default).
The user also can explore possible changes in exposure media that would alter the probability
that blood lead concentrations would be above this level.

The model should be viewed as a tool for making rapid calculations and recalculations of an
extremely complex set of equations that include exposure, uptake, and biokinetic parameters.
The model was originally developed as a tool for determining site-specific cleanup levels. The
IEUBK model has been recommended as a risk assessment tool to support the Agency’s
response to the risk posed by lead contamination in soil at CERCLA and RCRA sites (EPA,
1994, 1998, 2016 and 2018). The model uses four interrelated components (exposure, uptake,
biokinetics, and probability distributions) to estimate blood lead levels in children exposed to
contaminated media.

1.3 Score

This System Requirements and Design document encompasses both the intent and purpose of the
IEUBK model as well as the programming details, documenting all facets of the program.

Rather than incorporate duplicative material, this document references additional sources of
information about the model. This document is not intended as a user’s guide, which is available
as standalone document.
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14 APPROACH

This document represents a step in the information system life cycle. As stated in the System

Life Cycle Management (SLCM) Procedure CIO 2121-P-03.0%:
“This SLCM Procedure outlines the required SLCM phases, steps, and activities for the
individuals responsible for the pre-definition, definition, acquisition/development,
implementation, operations and maintenance, and termination of EPA IT systems and
applications. This procedure also details the set of SLCM documents that are necessary to
properly manage and control EPA IT systems and applications based on the size, scope
and complexity of the system.”

The SLCM lifecycle management framework includes:
Pre-Definition

Definition

Acquisition/Development

Implementation

Operations and Maintenance

Termination

Analyze Business Needs, Develop Segment
Architecture, Control Gate #1 (Segment
Architecture Review)

Concept Exploration, System Planning
Reguirements, Control Gate #2 (Compliance
Certification & System Selection)

Acquisition Design, Development, Test, Control 2
Gate#3 (EA Compliance Certification), Control
Gate #4 {Authorization to Operate (ATO))

- Opera “ | Operate and Maintain, Control Gate #5 (Modify
B e s el or Terminate Review)

Retire System

Figure 1. System Life Cycle.

Currently, IEUBK v2 software is in the operation and maintenance (O&M) phase.

1 Available online: https://www.epa.gov/sites/production/files/2013-11/documents/cio_2121-p-03.0.pdf
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“O&M Phase Steps and Activities During this phase, activities can include performing routine
maintenance in accordance with manufacturer’s guidelines, installing patches and/or updates to
system components, and making enhancements consistent with user needs/desires and consistent
with the mission need”.
The Operate & Maintain phase activities are:

e ldentify systems operations

e Maintain data/software administration

e |dentify problem and modification process

e Maintain system/software maintenance

e Maintain system documentation

e Periodic Security Reviews and Risk Assessments

1.5 SYSTEM REFERENCES

The primary reference for the IEUBK v2 model is earlier versions of the IEUBK model software
(versions 0.99d, versionl.0, and version 1.1). References include the U.S. EPA documents listed
in Section 1.7.

1.6 TERMS AND ABBREVIATIONS

A number of terms, acronyms, and abbreviations are used throughout this document. Acronyms
and abbreviations are identified in parentheses following the first usage of the term. Terms and
abbreviations used often in this document are listed in the table below:
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Table 1. Terms and Abbreviations

TERM

ABBREVIATION

Comprehensive Environmental Response, Compensation, and Liability Act CERCLA
cubic meters m3
Disk Operating System DOS
deciliter dL
Environmental Protection Agency EPA
gastrointestinal Gl
gram g
Independent Verification and Validation V&V
Integrated Exposure Uptake Biokinetic Model for Lead in Children IEUBK
Integrated Exposure Uptake Biokinetic Model for Lead in Children version 2 IEUBK v2
liters L
micro u
Office of Solid Waste and Emergency Response OSWER
Resource Conservation and Recovery Act RCRA
lead Pb
Technical Review Workgroup for Lead TRW
Technical Support Document TSD

1.7 REFERENCED DOCUMENTS

The documents listed below served as references for developing the IEUBK v2 model.

e Correspondence between the IEUBK Lead Model Source Code and Technical Support
Document: Parameters and Equations Used in the Integrated Exposure Uptake
Biokinetic Model for Lead in Children (version 0.99d), prepared by Battelle for EPA

Office of Pollution Prevention and Toxics, September 30, 1994.

e EPA System Design and Development Guidance, June 1989.

e Guidance Manual for the Integrated Exposure Uptake Biokinetic Model for Lead in
Children, Publication Number, 9285.7-15-1, EPA/540/R-93/081, PB93-963510,

February 1994,
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e Phase I Report for the Independent Verification and Validation (IV&YV) of the Integrated
Exposure Uptake Biokinetic (IEUBK) Model for Lead in Children, Vols. I and 11,
prepared by SAIC for EPA Office of Solid Waste and Emergency Response,

November 3, 1995.

e Technical Support Document: Parameters and Equations Used in the Integrated Exposure
Uptake Biokinetic (IEUBK) Model for Lead in Children (version 0.99d), Publication
Number 9285.7-22, EPA 540/R-94/040, PB 94-963505, December 1994,

e System Life Cycle Management (SLCM) Policy CIO 2121.12

e System Life Cycle Management (SLCM) Requirements Guidance C10 2121-G01.03

e System Life Cycle Management (SLCM) Procedure CIO 2121-P-03.04

In addition to the documents listed above, the TRW Lead Committee web site has guidance and

recommendations pertinent to lead risk assessment for hazardous waste sites
(https://www.epa.gov/superfund/lead-superfund-sites).

1.8 ORGANIZATION OF THIS DOCUMENT

This document is divided into the following five chapters with four appendices:

1.0  Introduction

2.0  System Requirements

3.0  Software Detailed Design

4.0  Documentation for the IEUBK v2

Appendix A Equations and Parameters in the IEUBK v2 Model
Appendix B Data Crosswalk for the IEUBK v2 Model
Appendix C  IEUBK v2 Parameter Dictionary

2 https://www.epa.gov/sites/production/files/2016-10/documents/cio 2121.1 1.pdf
3 https://www.epa.gov/sites/production/files/2013-11/documents/cio 2121-g-01.0.pdf
“https://www.epa.gov/sites/production/files/2016-10/documents/cio 2121-p-03.0 2.pdf



https://www.epa.gov/superfund/lead-superfund-sites
https://www.epa.gov/sites/production/files/2016-10/documents/cio_2121.1_1.pdf
https://www.epa.gov/sites/production/files/2013-11/documents/cio_2121-g-01.0.pdf
https://www.epa.gov/sites/production/files/2016-10/documents/cio_2121-p-03.0_2.pdf
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2.0 System Requirements

2.1 SYSTEM DEFINITION

In terms of functionality, the IEUBK v2model is essentially the same as earlier versions of the
model (versions 0.99d, 1.0 and 1.1). The primary difference is that the IEUBK v2 model version
2.0 incorporates updates to several model variables (i.e., dietary intake, drinking water
consumption rates, inhalation rates, soil and dust ingestion rates and maternal blood lead
concentration), As this task was solely a conversion effort, no attempt was made to modify the
program code substantively.

2.1.1  System Concept and Purpose

In order to predict the likely distribution of blood lead concentrations for children between the
ages of 6 months and 7 years exposed to lead in environmental media, the IEUBK v2 model
combines estimates of lead intake from lead in air, water, soil, dust, diet, and other ingested
environmental media with an absorption model for the uptake of lead from the lung or
gastrointestinal tract, and a biokinetic model of lead distribution and elimination from a child’s
body.

2.1.2  System Sizing and Timing Requirements

The IEUBK v2 model is a standalone program that must be capable of performing on a desktop
personal computer. For easy distribution and installation, the system should be able to be
downloaded via the Internet.

2.1.3  Design Standards

The standards from the System Life Cycle Management (SLCM) Procedure CIO 2121-P-03.0
were followed in the maintenance of the IEUBK model. In addition, the changes to IEUBK v2
version 1.1 were made according to the Capability Maturity Model Implementation (CMMI).
CMMI is an evaluation tool used by government contractors to perform a contracted software
project. At the time of development, the contractor developing the software was at CMM level
3. The CMM Level 3 credential demonstrates that SRC's software engineering solutions
establish consistency across the organization, which enables result-oriented outcomes for SRC
staff and customers.
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2.1.4  Design Constraints and Assumptions

EPA required that the IEUBK v2 model be portable. Consequently, it was important to

efficiently recode the IEUBK v2 model. This feature makes distribution of the model both
inexpensive and easy. Visual Studio 2017 is the development tool. This feature makes the
IEUBK v2 model portable in selected 64-bit/32-bit Microsoft Windows operating systems.

2.2 SYSTEM HARDWARE AND SOFTWARE REQUIREMENTS

The IEUBK v2 model is designed to operate on a specific hardware platform with one of a
limited number of operating systems installed. The optimal hardware and software requirements
are shown below.

Recommended for Optimum Performance:

2 GB RAM
10MB Disk space
32-bit or 64-bit Microsoft Windows Operating System

2.3 FUNCTIONAL REQUIREMENTS

Figures 2 and 3 are graphical illustrations of the biological and mathematical structures,
respectively, of the IEUBK v2 model. The biological structure in Figure 2 shows how lead can
move from the environment of a hypothetical child into the child’s blood, while the
mathematical structure in Figure 3 shows the parameters and calculations necessary to determine
the child’s blood lead concentration. Exposure, uptake, and biokinetic components are clearly
delineated in the figures and correspond to functions of the IEUBK v2 model. Each of these
components, plus a fourth component—Probability Distribution—is briefly described below.
Beginning in Section 2.3.1, each of the components is described in more detail, from a functional
perspective. For each component, these later sections address its purpose, the functions
performed in terms of the mathematical equations involved, and the interface between that
component and the others.

Descriptions of the database used by each component are not included in these sections because
neither the model components nor the IEUBK v2 model use separate databases. Refer to the
IEUBK v2 model Parameter Dictionary for details about the database. Similarly, a network
interface for the components is not addressed; the components are contained within an overall
program that is implemented as a standalone system.
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Body Compartment or Elimination Pool Required in More Than One Component
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Figure 2. Biological Structure of the IEUBK v2 Model.
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Exposure Component

As indicated in Figure 2, the exposure component relates environmental lead concentrations to
the intake rate at which lead enters the child’s body via the gastrointestinal (GI) tract and lungs.
The environmental media that serve as lead sources for the child are air, which enters the body
through the lungs, and diet, dust, soil, water, and other media which enter the body through the
Gl tract. As indicated in Figure 3, the exposure component converts media-specific consumption
rates (in m/day, g/day, or L/day) and media-specific lead concentrations (in ug Pb/mé, png Pb/g,
ug Pb/L), to media-specific lead intake rates (in ug Pb/day). The media-specific consumption
rates and lead concentrations can be modified by the user using site specific data. The general
equation relating the consumption rates and lead concentrations to the lead intake rate is:

Lead Intake Rate = Media Lead Concentration * Media Intake Rate

In this manner, the exposure component determines how much lead enters the child’s body and
stores that information in a set of media-specific lead intake rates.

Uptake Component

As indicated in Figure 2, the uptake component relates lead intake into the lungs or Gl tract
determined in the exposure component to the uptake of lead from the exposed membrane into the
child’s blood, for children at each age. Lead that enters through the lungs is either absorbed into
the blood plasma through the lungs, transferred to the Gl tract, or eliminated from the body via
exhaled air. Very small particles may move directly into the blood plasma or may be eliminated
from the body via exhaled air. Most of the lead found in the human body enters through the Gl
tract, either through direct ingestion or by movement from the nose, throat or lung structures.
Lead that enters the body through the Gl tract is either absorbed into the blood plasma or
eliminated from the gut with other waste as feces. As indicated in Figure 3, the uptake
component converts the media-specific lead intake rates produced by the exposure component
into media-specific lead uptake rates (ug/day) for the blood plasma.

The total lead uptake (ug/day) from the Gl tract is estimated as the sum of two components, one
passive (represented by a first order, linear relationship), the second active (represented by a
saturable, nonlinear relationship). These two components are intended to represent two different
mechanisms of lead absorption, an approach which is in accord with the limited data available in
humans and animals, and also by analogy, with what is known about calcium uptake from the
gut. First, the total lead “available” for uptake from the gut is defined as the sum, across all
media, of the media-specific intake rate multiplied by the estimated low-dose fractional
absorption for that medium. A passive absorption coefficient defines the dose-independent
fraction of the available lead that is absorbed by the passive absorption pathway, and allows
calculation of the rate of absorption via that pathway. The rate of absorption of the remaining
available lead by the active pathway is calculated using a non-linear relationship that allows for
saturable absorption.



12
SYSTEM REQUIREMENTS AND DESIGN FOR THE IEUBK v2

Biokinetic Component

As indicated in Figure 2, the biokinetic component models the transfer of absorbed lead between
blood and other tissues, or elimination of lead from the body via urine, feces, skin, hair, and
nails. The biokinetic component of the IEUBK model is structured as a compartmental model of
the human body with transfer times between compartments as basic model building elements.
The compartmental structure of the IEUBK model was developed by identifying the anatomical
components of the body critical to lead uptake, storage, and elimination, and the routes or
pathways between these compartments. This compartmental scheme includes a central body
compartment, six peripheral body compartments, and three elimination pools. The blood plasma
is combined with the body’s accessible extracellular fluid (ECF) to form the central plasma/ECF
body compartment. Separate body compartments are used to model the trabecular bone, cortical
bone, red blood cells, kidney, and liver. The remainder of the body tissues is included in the
“other soft tissues” peripheral body compartment. Three elimination pathways are included in
the biokinetic model: pathways from the central plasma/ECF compartment to the urinary pool,
from the compartment for other soft tissues to skin, hair, and nails, and from the liver to the
feces.

As indicated in Figure 3, the biokinetic component converts the total lead uptake rate produced
by the uptake component into an input to the blood plasma/ECF. Transfer coefficients are used
to model movement of lead between internal compartments and to the excretion pathway. These
quantities are then combined with the total lead uptake rate to determine lead masses in each of
the body compartments. The lead in the plasma portion of the central/ECF compartment is
added to the lead in the red blood cells to determine the blood lead concentration.

The iterative nature of the calculations in the biokinetic component is illustrated in Figure 4. The
period of exposure, 0 to 84 months, is divided into a number of equal 4-hour time steps. . During
each iteration, compartmental lead masses at the beginning of a time step are combined with the
total lead uptake, inter-compartmental transfers, and quantities of excretion during the time step
to estimate compartmental lead masses at the end of the time step. The compartmental lead
transfer times during the time step are key parameters in these calculations. The compartmental
lead masses at the end of the time step then become the compartmental lead masses at the
beginning of the next time step and the iterative process continues. The iterative process is
initiated by determining the compartmental lead masses at birth from the maternal blood lead
concentration and data on the relative concentrations of lead in different tissues of stillborn
fetuses. The model calculates all of the compartmental contents from 0 to 84 months; and
reports blood lead concentrations from 6 to 84 months.
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Figure 4. Iterative Procedure for Determining Compartmental Lead Masses in Biokinetic
Component.
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Probability Distribution Component

The probability distribution component of the model estimates a plausible distribution of blood
lead concentrations. The distribution is centered on the geometric mean blood lead concentration
for a hypothetical child or population of children. The distribution can be displayed graphically,
or the text file output of the data can be downloaded into another software program for statistical
analysis. The text file option allows users to save the results as a text file (*.txt). The Batch
Mode text results file (*.txt) generated from the IEUBK v2 model. Batch mode output may also
be saved as “spreadsheet format” which generates tab delimited output for use in other programs
for statistical analysis. Graphical output of the IEUBK model may be saved using screen capture
software of by using the ALT+PrtScn keys to copy the image to the clipboard.

2.3.1  Exposure Component

The exposure component of the IEUBK v2 model converts media-specific consumption rates and
media-specific lead concentrations to media-specific lead intake rates. The media that are
included in the exposure component are air, diet, water, soil, dust and other alternate sources.
The equations that govern these model calculations are listed and discussed below.

In these equations, the lead intake rates for air, diet, household dust, alternate source dust, soil,
water, and other ingested media are denoted by INAIR[AGE], INDIET[AGE], INDUST[AGE],
INDUSTA[AGE], INSOIL[AGE], INWATER[AGE], and INOTHER[AGE], respectively. The
notation “[AGE]” indicates that these intake rates change with the age, t, of the child. All lead
intake rates are in units of g Pb/day. Once calculated, media-specific lead intake rates serve as
inputs to the uptake component. In the sections below, the calculations required to determine the
lead intake rates are discussed by media.

2.3.1.1 Air Lead Exposure Module

The air lead exposure module considers both indoor and outdoor air lead exposure for
determining the child’s overall air lead exposure. The outdoor air lead concentration
[air_concentration[AGE]] is specified by the user. The indoor air lead concentration
[IndoorConc[AGE]] is determined according to Equation E-1 as a user-specified, constant
percentage [Indoorpercent] of the outdoor air lead concentration. A time-weighted average air
lead concentration [TWA[AGE]] is determined according to Equation E-2 where the indoor and
outdoor air lead concentrations are weighted by the user-specified, age-dependent number of
hours per day that a child spends outdoors [time_out[AGE]]. Finally, the lead intake from air,
INAIR[AGE], is calculated according to Equation E-3 as the product of the time-weighted air
lead concentration and an age-dependent ventilation rate [vent_rate[AGE]] that is calculated
using a nonlinear equation (EPA, 2018a):

vent_rate[AGE] = 4.233 * AGE 03% (E-1a)
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The non-linear regression model for ventilation rates was estimated by the TRW using energy
expenditure data that are available from a doubly-labeled water database developed by the IOM
(I0M, 2005).

IndoorConc[AGE] = 0.01 * indoorpercent * air_concentration[AGE] (E-1)
TWA[AGE] = [time_out[AGE]* air_concentration[AGE]] ;4[24 - (time_out[AGE])* IndoorConc[AGE]] (E-2)
INAIR[AGE] = TWA[AGE] * vent_rate[AGE] (E-3)

2.3.1.2 Dietary Lead Exposure Module

Dietary lead exposure, or the lead intake rate from diet [INDIET[AGE]], is determined by one of
two methods: (1) direct specification, or (2) the alternate diet model. Under direct specification,
INDIET[AGE] is set equal to a user-specified, age-dependent lead intake rate for diet
[diet_intake[AGE]], as indicated in Equation E-4a:

INDIET[AGE] = diet_intake[AGE] (E-4a)

Under the alternate diet model, INDIET[AGE] is calculated as the sum of the lead intake rates
for meat, vegetables, fruit, and other sources. The first three categories are sub-divided as
follows:

e Meat
— non-game animal (InMeat[AGE])
— game animal (InGame[AGE])
— fish (InFish[AGE])

e Vegetables
— canned (InCanVeg[AGE])
— fresh (InFrVeg[AGE])
— home-grown (InHomeVeg[AGE])

e Fruit
— canned (InCanFruit[AGE])
— fresh (InFrFruit[AGE])
— home-grown (InHomeFruit[AGE])
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INDIET[AGE] = DietTotal[AGE] = InMeat[AGE] + InGame[AGE] + InFish[AGE] + InCanVeg[AGE] +
INFrVeg[AGE] + InHomeVeg[AGE] + InCanFruit{AGE] + InFrFruitfAGE] + InHomeFruit{AGE]

+ InOtherDiet[AGE]! (E-4b)

InOtherDiet[AGE] = InDairy[AGE] + InJuice[AGE] + InNuts[AGE] + InBread[AGE] + InPastalAGE] +
InBeverage[AGE] + InCandy[AGE] + InSauce[AGE] + InFormulaAGE] + InInfant[AGE]

(E-4c)
Under the alternate diet intake calculation, each of the terms of Equations E-4b and E-4c are
calculated as the product of the lead concentration for that food category and the food
consumption rate for that category, as shown in Equations E-4d through E-4r.

beverage[AGE] = beverageConc * beverage_consump[AGE] (E-4d)

bread[AGE] = breadConc * bread_consump[AGE] (E-4de)
can_fruitfAGE] = canFruitConc * canFruit_consump[AGE] (E-4f)
can_veg[AGE] = canVegConc * canVeg_consump[AGE] (E-49)
candy[AGE] = candyConc * candy_consump[AGE] (E-4h)
dairy[AGE] = dairyConc * dairy_consump[AGE] (E-41)
f_fruitfAGE] = fFruitConc * fFruit_consump[AGE] (E-4))
f veg[AGE] = fVegConc * fVeg_consump[AGE] (E-4k)
formula[AGE] = formulaConc * formula_consump[AGE] (E-41)
infant|AGE] = infantConc * infant_consump[AGE] (E-4m)
juices[AGE] = juiceConc * juice_consump[AGE] (E-4n)
meat[AGE] = meatConc * meat_consump[AGE] (E-40)
nuts[AGE] = nutsConc * nuts_consump[AGE] (E-4p)
pastalAGE] = pastaConc * pasta_consump[AGE] (E-4q)
sauce[AGE] = sauceConc * sauce_consump[AGE] (E-4r)

The within-age sum of the dietary lead intake variables®, which are defined by Equations E-4d
through E-4r, equal the default dietary lead intake represented by diet_intake[AGE]. The values
for the concentration and consumption rate parameters that appear in E-4d through E-4r are
assigned in the code and are not accessible to the user. The values for lead concentration in food
and food consumption rates are based on the TRW’s analysis of the Food and Drug
Administration (FDA) Total Diet Study (TDS) data from market basket samples that were
collected from 1995-2005 and 24-hour diet recall interviews that were completed as part of the
WWEIA component of the National Health and Nutrition Examination Survey in 2003-2006
(EPA, 2018b).

5> The values for the dietary lead intake variables were formerly assigned directly in the code in Version 1.0,
Build 263 and earlier versions, including the DOS versions. In Windows Version 1.0, Build 264, the
concentration and consumption rate parameters that appear in Equation E-4d through E-4r were added to clarify
how the values for dietary intake were derived, and to make the code easier to update as new information on
food residue concentration and consumption rates become available.
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With the exception of InOtherDiet[AGE]®, which only uses default values, the terms on the
right-hand side of the equal sign of Equation E-4b are defined in Equations E-5a through E-5I.

In Equations E-5a through E-51 the model allows the user to vary local dietary factors (e.g.,
home grown vegetables, fruits, game animals and fish) that may influence overall lead exposure.
The user specifies the fraction of total food category consumption represented by each food
source. However, the total quantity of food consumption from each category (meat, vegetables,
fruit) is a model constant. Because the total quantity of food consumption for each food category
is a constant, it is recommended that users do not make changes to dietary lead intake variables
in combination with alternate dietary exposures. In Equations E-5a through E-5e, the traditional
supermarket portion of the dietary lead intake rate is calculated as the sum of the products of
each consumption fraction and the specific lead intake for that category of food. The
consumption fraction is calculated as a complement of the user defined non-supermarket fraction
[i.e., 1 - user defined non-supermarket fraction]:

meatFraction = 1 — userFishFraction — userGameFraction (E-5a)
vegFraction = 1 — userVegFraction (E-5b)
fruitFraction = 1 — userFruitFraction (E-5c¢)
InMeat[AGE] = meatFraction * meat[AGE] (E-5d)
InCanVeg[AGE] = vegFraction/2 * can_veg[AGE] (E-5e)
InNFrVeg[AGE] = vegFraction/2 * f_veg[AGE] (E-5f)
InCanFruit[AGE] = fruitFraction/2 * can_fruitf AGE] (E-50)
InFrFruit[AGE] = fruitFraction/2 * f_fruitfAGE] (E-5h)
Table 2. Values for the new consumption variables that were added to IEUBK version 2,
build 1.
[AGE]
1 2 3 4 5 6 7
beverage_consump[AGE] 62.615 161.728 169.081 188.316 202.400 233.917 243.385
bread_consump[AGE] 31.930 91.523 113.070 135.032 141.627 162.056 173.761
candy_consump[AGE] 6.487 11.402 16.864 20.608  23.469 24548  25.793
canFruit_consump[AGE] 10.197 8.664 9.424  11.383  12.466 14379  12.186
canVeg_consump[AGE] 4.182 4.595 5.544 7.037 6.479 8.115 7.355
dairy_consump[AGE] 171.439 501.277 423.748 413.091 396.910 428.881 393.992
ffruit_consump[AGE] 36.134 60.370 62.998 75.312 74.341 76.066  86.701
formula_consump[AGE] 124.106  68.396  55.726 0.000 0.000 0.000 0.000
fveg_consump[AGE] 34.011 51.480 59.473 63.163  72.643 74.024  69.523
infant_consump[AGE] 20.465 21.726  29.951 0.000 0.000 0.000 0.000
juice_consump[AGE] 53.338 105.531 106.995 121.057 116.220  108.558  98.270
meat_consump[AGE] 34.823 64.377 79.911 87.789  98.445 98.839 100.168
nuts_consump[AGE] 6.235 4.866 5.249 6.966 6.399 10.288 7.302
pasta_consump[AGE] 39.829 56.300 68.754  80.062 95.282 92.739 91.843
sauce_consump[AGE] 0.828 1.582 1.779 2.088 2.615 2.145 2.262

6For the sake of simplification, the term InOtherDiet[AGE] is used in the text to represent components of the diet other than meat, fruit,
vegetables, fish, or game (this term does not actually appear in the code). These other dietary components are modeled as InDairy, InJuice,
InNuts, InBread, InPasta, InBeverage, InCandy, InSauce, InFormula, and Ininfant. The values for these parameters are defined in the program
code for the model and cannot be modified by the user. The values of these parameters are the same whether alternate dietary values are used.
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In Equations E-5i through E-5I, the lead intake rate is calculated as the product of the user-
defined non-supermarket consumption fraction, and a consumption rate for that category of food:

InHomeFruitfAGE] = userFruitFraction * (canFruit_Consump[AGE] + fFruit_Consump [AGE]) * UserFruitConc

(E-5i)
InHomeVeg[AGE] = userVegFraction * (canVeg_Consump[AGE] + fVeg_Consump[AGE]) * UserVegConc

(E-5))
InFish[AGE] = userFishFraction * meat_consump[AGE] * UserFishConc (E-5k)
InGame[AGE] = userGameFraction * meat_consump[AGE] * UserGameConc (E-51)

In Equations E-5m through E-5v, the terms of InOtherDiet[AGE] are defined. All these terms
have default values in the model. See Appendix B, the Data Crosswalk for the IEUBK v2
model, for the default values.

InDairy[AGE] = dairy[AGE] E-5m
InJuice[AGE] = juices[AGE] E-5n
INNuts[AGE] = nuts[AGE] E-50
InBread[AGE] = bread[AGE] E-5p
InPasta| AGE] = pasta[AGE] E-5q
InBeverage[AGE] = beverage[AGE] E-5r

InCandy[AGE] = candy[AGE] E-5s

InSauce[AGE] = sauce[AGE] E-5t

InFormula[AGE] = formula[AGE] E-5u
Ininfant[AGE] = infant[AGE] E-5v

2.3.1.3 Water Lead Exposure Module

Water lead exposure is determined by one of two methods: (1) direct specification, or (2) an
alternative water lead concentration model. For direct specification, as indicated in Equation
E-6a, INWATERJAGE] is calculated as the product of a user-specified, age-dependent water
consumption rate [water_consumption[AGE]] and a user-specified, constant water lead
concentration [constant_water_conc].

INWATER[AGE] = water_consumption[AGE] * constant_water_conc (E-6a)

For the alternative water model, as indicated in Equation E-6b, INWATER[AGE] is calculated
as the product of the same user-specified, age-dependent water consumption rate
[water_consumption[AGE]] and a constant water lead concentration that is calculated as a
weighted average of user-specified, constant water lead concentrations from the first draw on a



19
SYSTEM REQUIREMENTS AND DESIGN FOR THE IEUBK MODEL

home faucet [FirstDrawConc], a flushed faucet at home [HomeFlushedConc], and a water
fountain outside the home [FountainConc]. These concentrations are weighted by user-specified,
constant fractions of consumed water that are first-draw water [FirstDrawFraction], home
flushed water [HomeFlushedFraction], and fountain water [FountainFraction]. As indicated in
Equation E-7, HomeFlushedFraction is calculated by subtracting the other two fractions from 1.

HomeFlushedConc * HomeFlushedFraction +
INWATER[AGE] = water_consumption[AGE]* FirstDrawConc * FirstDrawFraction +
FountainConc * FountainFraction
(E-6b)

HomeFlushedFraction = 1 — (FirstDrawFraction — FountainFraction) (E-7)
2.3.1.4 Soil Lead Exposure Module

Equation E-8a is used to determine the soil lead exposure for each of the following ‘constant
outdoor soil lead concentration” conditions:

e Multiple source analysis and constant outdoor soil lead concentration
e Variable indoor dust lead concentration and constant outdoor soil lead concentration
e Constant indoor dust lead concentration and constant outdoor soil lead concentration

INSOIL[AGE] = constant_soil_conc[AGE] * soil_ingested[AGE] * (0.01 * weight_soil) (E-8a)
where:
constant_soil_conc[AGE] = the constant user-specified soil lead concentration
soil_ingested[AGE] = the user-specified age-dependent soil and dust ingestion
rate
0.01 * weight_soil = a user-specified constant fraction of soil and dust

ingested that is soil.

However, if none of the three conditions specified above are applicable, Equation E-8b is used to
determine the soil lead exposure. Equation E-8b is only applicable if one of the following
‘variable outdoor soil lead concentration’ conditions exists:

e Multiple source analysis and variable outdoor soil lead concentration
e Variable indoor dust lead concentration and variable outdoor soil lead concentration
e Constant indoor dust lead concentration and variable outdoor soil lead concentration

INSOIL[AGE] =soil_content[AGE]* soil_ingested[AGE] * (0.01 * weight_soil) (E-8b)

where:
soil_content[AGE] = the user-specified age-dependent outdoor soil lead concentration
soil_ingested[AGE] = the user-specified age-dependent soil and dust ingestion rate
0.01*weight_soil = a user-specified constant fraction of soil and dust ingested that is
soil



20
SYSTEM REQUIREMENTS AND DESIGN FOR THE IEUBK MODEL

Outdoor soil lead concentration can be specified in an age-dependent manner in the soil/dust data
input window.

2.3.15 Dust Lead Exposure Module

Dust lead exposure is determined by one of two methods: (1) direct specification, or (2) an
alternative dust model. For direct specification, as indicated in Equations E-9a, the baseline dust
lead intake, INDUST[AGE], is calculated as the product of a user-specified dust concentration
[constant_dust_conc[AGE]], user-specified age-dependent soil and dust ingestion rate
[soil_ingested[AGE]], and the fraction of soil and dust ingestion that is in the form of dust

[0.01 * (100 — weight_soil)]. When using the direct specification, the alternative source dust
lead intake [INDUSTA[AGE]], is set to zero. Equation E-9a is used if one of the following
conditions exists:

e Constant indoor dust lead concentration and constant outdoor soil lead concentration
e Constant indoor dust lead concentration and variable outdoor soil lead concentration

INDUST[AGE] = constant_dust_conc[AGE] * soil_ingested[AGE] * [0.01 * (100 - weight_soil)] (E-9a)

where:
constant_dust_conc[AGE] = the user-specified dust lead concentration
soil_ingested[AGE] = the user-specified, age-dependent soil and dust ingestion
rate
[0.01 * (100 - weight_soil)] = the fraction of soil and dust ingestion that is in the form of
dust

The alternative dust sources component has two specifications:

e The indoor dust lead concentration is calculated as a sum of contributions from soil and
air, either constant or age-dependent (specific calculations are not shown here, please
refer to the Appendix A).

e The indoor dust lead intake [INDUSTA[AGE]] is calculated as the sum of contributions
from several additional sources as indicated by Equation E-9c. Only a fraction of dust
lead exposure is assumed to come from residential dust. When data are available, the
remainder of the dust lead is assumed to come from separately estimated dust sources
including:

-Secondary exposure to leaded dust carried home from the workplace [OCCUP[AGE]]
-Leaded dust at school or pre-school [SCHOOL[AGE]]

-Leaded dust at other non-school daycare facilities [DAYCARE[AGE]]

-Leaded dust from secondary homes (e.g., grandparents) [SECHOME[AGE]]

-Leaded dust from deteriorating interior paint [OTHER[AGE]]
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Equations E-9b and E-9c are used in determining the household indoor dust lead concentration
[INDUST[AGE]] and alternative indoor dust lead intake [INDUSTA[AGE]] if multiple source
analysis and alternate indoor dust lead sources are used.

INDUST[AGE] = DustTotal[AGE] * (soil_indoor[AGE] * HouseFraction) (E-9b)

INDUSTA[AGE] = OCCUP[AGE] + SCHOOL[AGE] + DAYCARE[AGE] + SECHOME[AGE] +
OTHER[AGE] (E-9c)

In Equation E-9b, INDUST[AGE] is the product of the age-dependent dust ingestion rate
[DustTotal[AGE]] (see Equation E-10), an age-dependent indoor household dust lead
concentration [soil_indoor[AGE]] (see Equation E-11a), and the fraction of dust exposure that is
from residential dust [HouseFraction] (see Equation E-9.5).

The following equations are used to determine the household indoor dust lead intake and
alternative indoor dust lead intake if one of the following conditions exists:

e Multiple source analysis and constant outdoor soil lead concentration
e Multiple source analysis and variable outdoor soil lead concentration

INDUST[AGE] = soil_indoor[AGE] * soil_ingested[AGE] * [0.01 * (100 - weight_soil)] (E-9d)

where:
soil_indoor[AGE] is derived from either Equation E-11a or E-11b
soil_ingested[AGE] is derived from either Equation E-11a or E-11b
[0.01 * (100 — weight_soil)] = the fraction of soil and dust ingestion that is in the form of
dust

In Equation E-10, Dust_Total[AGE] is the product of an age-dependent soil and dust ingestion
rate [soil_ingested[AGE]] and the user-specified constant fraction of soil and dust ingested that
is dust [0.01 * (100 - weight_soil)].

DustTotal[AGE] = soil_ingested[AGE] * [0.01 * (100 - weight_soil)] (E-10)

Equation E-11 has many variations depending on the conditions that exist. In Equation E-11a,
soil_indoor[AGE] is calculated as a sum of contributions from soil and air.

soil_indoor[AGE] = (contrib_percent *soil_content[AGE]) + (multiply_factor * air_concentration[AGE])
(E-11a)

The contribution from soil is the product of a user-specified, constant ratio of dust to soil lead
concentrations [contrib_percent] and the user-specified, age-dependent outdoor soil lead
concentration [soil_content|AGE]]. Similarly, the contribution from air is the product of a user-
specified, constant ratio of dust to air lead concentrations [multiply_factor] and the user-
specified, age-dependent outdoor air concentration [air_concentration[AGE]]. This equation
only applies if both multiple source analysis and variable outdoor soil lead concentration is used
in determining INDUST[AGE].
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Equation E-11b is applicable if both multiple source analysis and constant outdoor soil lead
concentration are used. The parameter constant_soil_conc[AGE] replaces the parameter
soil_content[AGE] and uses the default value for outdoor soil lead concentration instead of a
user-specified value.

soil_indoor[AGE] = (contrib_percent * constant_soil_conc[AGE]) +
(multiply_factor * air_concentration[AGE]) (E-11b)

Equation E-9e applies if one of the following conditions exists:

e Variable indoor dust lead concentration and constant outdoor soil lead concentration
e Variable indoor dust lead concentration and variable outdoor soil lead concentration

INDUST[AGE] = dust_indoor[AGE] * soil_ingested[AGE] * (0.01 * (100 - weight_soil)) (E-9e)
where:
dust_indoor[AGE] = the user-specified age-dependent indoor dust concentration
soil_ingested[AGE] = the user-specified age-dependent soil and dust ingestion
rate
(0.01 * (100 - weight_soil)) = the fraction of soil and dust ingestion that is in the form of
dust

Equation E-11c is applicable when user-specified, variable household indoor dust lead
concentrations are used in conjunction with either constant or variable, user-specified outdoor
soil lead concentrations to determine INDUST[AGE] (see Equation E-9e).

soil_indoor[AGE] = dust_indoor[AGE] (E-11c)

where:
dust_indoor[AGE] = user-specified age-dependent indoor dust lead concentration

soil_indoor[AGE] = constant_dust_conc[AGE] (E-11d)

where:
constant_dust_conc[AGE] = default or user-specified constant value for indoor dust lead
concentration

As indicated in Equation E-9.5, HouseFraction is determined by subtracting from 1, the total of
the user-specified, constant fractions of dust ingested that come from the parent’s occupation
[OccupFraction], school [SchoolFraction], daycare [DaycareFraction], secondary homes
[SecHomeFraction], and paint [OtherFraction]. The sum of all source fractions cannot exceed
1.0. As indicated in Equation E-9c, INDUSTA[AGE] is the sum of the lead intake rates from all
five alternative sources. The individual lead intake rates for the alternative sources are defined in
Equations E-12a through E-12e. In these equations, the lead intake rate is the product of the age-
dependent, dust ingestion rate [DustTotal[AGE]], the user-specified, constant fraction of dust
ingested that comes from that source (OccupFraction, SchoolFraction, DaycareFraction]
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SecHomeFraction, or OtherFraction), and the user-specified, constant dust lead concentration for
dust from that source (OccupConc, SchoolConc, DaycareConc, SecHomeConc, or OtherConc).

HouseFraction = 1 — (OccupFraction — SchoolFraction — DaycareFraction — SecHomeFraction —

OtherFraction) (E-9.5)
OCCUP[AGE] = DustTotal[AGE] * OccupFraction * OccupConc (E-123a)
SCHOOL[AGE] = DustTotal[AGE] * SchoolFraction * SchoolConc (E-12b)
DAYCARE[AGE] = DustTotal[AGE] * DaycareFraction * DaycareConc (E-12¢)
SECHOMEJ[AGE] = DustTotal[AGE] * SecHomeFraction * SecHomeConc (E-12d)
OTHER[AGE] = DustTotal[AGE] * OtherFraction *OtherConc (E-12¢)
2.3.1.6 Exposure Component Parameters

For diet, water, and dust exposures, the user may choose from two or more methods of
calculating exposure. Each of these exposure pathways has both concentration and intake
parameter default values built into the IEUBK model that can be used to calculate default
exposure levels. The following sections contain information on the default values for
concentration and intake for air, diet, water, soil, and dust.
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Parameter Values for Air

Version 2.0 includes updated estimates for inhalation rates (EPA, 2018a) that result in new
default rates for the intake of lead in air. The default values for indoorpercent,
air_concentration[AGE], time_out[AGE], and vent_rate[AGE] result in the default values shown
in the following table:

AGE INTERVAL
(year)

IndoorConc[AGE] 0.03 pg/m® 1-7

TWAJAGE] 0.033 ug/m®
0.036 ug/m?®
0.039 pg/m?®
0.042 pg/m?®
0.042 pg/m3
0.042 pg/m3
0.042 pg/m?®
INAIR[AGE] 0.034 pg/day
0.057pg/day
0.076 ug/day
0.093 pg/day
0.102 pg/day
0.111 pg/day
0.119 pg/day

PARAMETER DEFAULT VALUE

[35Y
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Parameter Values for Diet

For version 2.0, the intake values were updated using revised food consumption rates and food
concentration that were estimated by the TRW (EPA, 2018b). The default values for the lead
intake rate from diet are shown in the following table:

DEFAULT VALUE AGE INTERVAL

PARAMETER
(ng/day) (year)

INDIET[AGE] 2.66
(Direct specification) 5.03
521
5.38
5.64
6.04
5.95

~No ok~ WwN B

INDIET[AGE]* 2.66
(Alternative diet 5.03
specification) 5.21
5.38
5.64
6.04
5.95

~No ok owbhN R

1The model assumes no consumption of game animal meat, fish, home-grown vegetables or home-grown fruit
unless specified by the user.
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Parameter Values for Water

For version 2.0, the default values for water lead intake were updated based on an evaluation of
recently issued analyses of water consumption and water lead concentration (EPA, 2018c,d).
Using the default values for water_consumption[AGE] and constant_water_conc results in the
default values shown in the following table:

DEFAULT VALUE AGE INTERVAL

PARAMETER
(ng/day) (year)

INWATER[AGE] 0.36
(Direct Specification) 0.39
0.46
0.49
0.51
0.54
0.57

~No ok~ wbN R

INWATER[AGE] 1.54
(Alternative Water Model) 1.66
1.96
2.08
2.19
2.31
2.43

~No ok~ wdNE




SYSTEM REQUIREMENTS AND DESIGN FOR THE IEUBK MODEL
Parameter Values for Soil

Version 2.0 includes updated values for the intake of lead in soil that were based on recent
estimates of soil and dust ingestion rates (von Lindern et al., 2016). Using the default values for
constant_soil_conc[AGE], soil_ingested[AGE], and weight_soil results in the default values
shown in the following table:

AGE INTERVAL
(year)

PARAMETER DEFAULT VALUE

Soil-derived exterior dust 38.70 mg/day 1
ingestion rate 42.30 mg/day
30.15 mg/day
28.35 mg/day
30.15 mg/day
23.40 mg/day
24.75 mg/day

INSOIL[AGE] 7.74 pg/day
8.46 pg/day
6.03 pg/day
5.67ug/day
6.03 ug/day
4.68 ng/day
4.95 ng/day

~N oo oA WODN FPINOO O RAwwDN
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Parameter Values for Dust

Version 2.0 includes updated values for the intake of lead in dust that were based on recent
estimates of soil and dust ingestion rates (von Lindern et al., 2016). Using the default values for
soil_ingested[AGE], percent_soil, and dust_indoor[AGE] results in the default values shown in
the following table:

AGE INTERVAL

PARAMETER DEFAULT VALUE
(year)

DustTotal[AGE] 47.30 mg/day 1
51.70 mg/day
36.85 mg/day
34.65 mg/day
36.85 mg/day
28.60 mg/day
30.25 mg/day

INDUST[AGE] 9.46 pg/day
10.34 pg/day
7.37 pg/day
6.93 ug/day
7.37 pg/day
5.72 pg/day
6.05 pg/day

~N oo oA WODN FPINOO O RAwwDN
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INDUSTA[AGE] 0 pg/day
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Parameter Values for Alternative Dust

The default values for the alternative dust module are as shown in the following table:

29

PARAMETER

DEFAULT VALUE

AGE INTERVAL
(year)

DustTotal[AGE]

47.30 mg/day
51.70 mg/day
36.85 mg/day
34.65 mg/day
36.85 mg/day
28.60 mg/day
30.25 mg/day

soil_indoor[AGE]

150 pno/g

INDUST[AGE]

7.10 ug/day
7.76 ug/day
5.53 pg/day
5.20 pg/day
5.53 ug/day
4.29 pg/day
4.54 pg/day

INDUSTA[AGE]

0 pg/day
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2.3.2  Uptake Component

The uptake component models the manner in which lead intake (lead that has entered the child’s
body through ingestion or inhalation) is either transferred to the child’s blood plasma or
eliminated from the body. The equations that govern the uptake of lead into the blood plasma
are discussed in this section. As noted in the previous section describing the exposure
component of the IEUBK v2 model, the notation [AGE] following a parameter name indicates
that the parameter changes with the age of the child. The total of the lead uptake rates is the
primary input to the biokinetic component of the model.

The fraction of lead intake that is actually absorbed into a child’s system is known as the
absorption fraction. The IEUBK v2 model is structured so that the media-specific absorption
fractions are constant at typical blood lead concentrations of concern. The media-specific
absorption fractions include:

ABSF for dietary lead absorption

ABSD for dust lead absorption

ABSS for soil lead absorption

ABSW for drinking water lead absorption

e ABSO for absorption of lead from other sources

In the absence of saturation effects, total lead absorption is equal to the sum of media-specific
absorption values where absorption from each media is equal to the intake rate multiplied by the
absorption fraction for that media. This quantity is denoted AVINTAKE, and is calculated using
the Equation U-2:

AVINTAKE = (ABSD * INDUST[AGE]) + (ABSD * INDUSTA[AGE]) + (U-2)
(ABSF * INDIET[AGE]) + (ABSF * INOTHER[AGE]) +
(ABSS * INSOIL[AGE]) + (ABSW * INWATER[AGE])

To more accurately model lead uptake at higher intake rates, absorption fractions must be
modified to separate non-saturable and saturable components. At doses where saturation of
absorption is important, the actual uptake of lead will be less than AVINTAKE[AGE]. Lead
uptake by the passive pathway is assumed to be linearly proportional to intake at all dose levels.
The user parameter PAF is the fraction of the total net absorption at low intake rates that is
attributable to non-saturable processes. Specifically, the lead uptake by the passive pathway is
equal to:

PAF * AVINTAKE[AGE]

The IEUBK v2 model assumes that the fraction of absorbed lead intake that is absorbed by non-
saturable processes is the same for all media. At low doses, the quantity of lead absorbed by the
saturable pathway is:

(1-PAF) * AVINTAKE[AGE]
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However, at higher doses, only a certain fraction of this amount will be absorbed. The key
parameter in this relationship is SATUPTAKE[AGE], which represents the level of available
intake (AVINTAKE) at which the saturable pathway uptake reaches half of its maximum value.
This half-saturation parameter depends on the age [AGE] of the child. The user can modify the
value of SATUPTAKE[AGE] at age t = 24 months, denoted SATINTAKEZ, through the
Gl/Bioavailability selection from the Parameter Input menu. From SATINTAKEZ2, the IEUBK
model calculates SATUPTAKE[AGE] for all ages using Equation U-3. The parameter
WTBODY (24) in the IEUBK model source code has a default value of 12.3.

(U-3)

WTBODY|[MONTH
SATUPTAKE[MONTH| = SATUPTAKE2 *{ [ ]}

WTBODY/[24]

The fraction of potential saturable pathway uptake that is actually absorbed is given by:

1
. AVINTAKE[AGE]
SATUPTAKE[AGE]

Thus, the amount of lead that is absorbed by saturable processes is calculated as:

(1- PAF)* AVINTAKE[AGE ]

{1{ AVINTAKE[AGE] ﬂ

SATUPTAKE[AGE]

Total lead uptake from a medium is given by the sum of the active and passive components of
uptake. Media-specific uptake rates are calculated using the same proportions as total intake.
For example, the non-saturable uptake component for soil is given by:

INSOIL[AGE]* ABSS * AVS * PAF

Whereas the saturable uptake component for soil is:

(1 — PAFS) « INSOIL[AGE] = ABSS % AVS

L+ ( AVINTAKE[AGE] )
SATUPTAKE[AGE]

Uptake rates for other media are calculated in the same way.
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The absorption coefficients for each medium (diet, water, dust, other, soil, and alternate dust) are
listed in Appendix A as Equations U-1a through U-11. The saturable uptake component for each
medium is simplified in the model source code as PAF for diet, water, dust and alternate dust,
soil, and other. Each saturable uptake component is set to a constant value except for PAF. The
absorption coefficient for air is listed in Appendix A as Equation U-4. With the absorption
coefficient for each medium, the total monthly lead uptake can be calculated using Equation U-5.

UPTAKE[MONTH] = 30*(UPDIET[MONTH] + UPWATER[MONTH] + UPDUST[MONTH] + (U-5)
UPSOIL[MONTH] + UPDUSTA[MONTH] + UPOTHER[MONTH] +
UPAIR[MONTH])

where:
30 = conversion factor from daily media-specific uptakes to monthly total uptake

2.3.3  Biokinetic Component

Based on the total lead uptake rate (UPTAKE[MONTH]), the biokinetic component of the
IEUBK v2 model calculates age-dependent lead masses in each of the body compartments
(plasma-extra-cellular fluid (ECF), liver, kidney, trabecular bone, cortical bone, and other soft
tissue). The concentration of lead in blood is then calculated by dividing mass of lead in the
blood plasma and red blood cells by the volume of blood.

The calculations in the biokinetic module occur sequentially, beginning with a determination of
the volumes and weights of specific compartments in a child's body, as a function of age. Next,
the transfer times of lead between the compartments and through elimination pathways are
estimated. Initial compartmental lead masses and an initial blood lead concentration are
calculated for a newborn child. Then successive values are calculated for the compartmental
lead masses and blood lead concentration of a child at each iteration time. These calculations are
performed for a child from birth to age 84 months.

The equations for compartmental lead transfer times are listed in Appendix A as Equations B-1a
through B-1h, B-2a through B-20, and B-2.5. Equation B-2.5, as written in IEUBK v2 model
source code, indicates an age-dependent array for MRBC[STEPS]. The source code was taken
directly from the IEUBK model (version 0.99d); thus, IEUBK v2 model results are the same as
those computed from the equation as written in the IEUBK model (version 0.99d) source code.

The parameter WTBODY (24) in Equations B-1a through B-1e has a default value of 12.3 in the
model source code. For simplification purposes, storage arrays (ResCoef and ALLOMET) are
used in the IEUBK model source code to store parameter and constant values in Equations B-1a
through B-1g, B-2a, and B-3. The exponent, 0.333, in Equations B-1a through B-1e is stored in
the ALLOMET array. Parameters such as TBLUR(24), TBLLIV(24), TBLOTH(24),
TBLKID(24), TBLBONE(24), RATFECUR, and RATOUTFEC in Equations B-1a through B-1g
and constants in Equations B-2a and B-3 are stored in the ResCoef array in the IEUBK model
source code. The equations for blood to plasma_ECF lead mass ratio, fluid volumes and organ
weights, difference equations, tissue lead masses and blood lead concentration at birth,
compartmental lead masses, and blood lead concentration are B-3, B-4a through B-4d, B-5a
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through B-5m, B-6a — B-6i, B-6.5a through B-6.5i, B-7a through B-7i, B-8a through B-9i, and
B-10a through B-10c, respectively (see Appendix A).

In the IEUBK v2 model source code, the parameters in Equations B-8a through B-10a are set up
as vectors that store 84 monthly values. The source code computes two values for each
parameter, one for the current time step and one for the previous time step. These parameters are
updated at the end of each time step. The difference in the implementation of these parameters
in the IEUBK v2 model source code does not affect the results of the model.

2.3.4  Probability Distribution Component

The fourth component of the IEUBK v2 model estimates, for a hypothetical child or population
of children, a plausible distribution of blood lead concentrations centered on the geometric mean
blood lead concentration predicted by the model from available information about children's
exposure to lead. From this distribution, the IEUBK v2 model calculates the probability that
children's blood lead concentrations will exceed the user-selected level of concern.

Risk estimation and plotting of probability distributions requires the selection of two parameters,
the blood lead level of concern (cutoff level) and the Geometric Standard Deviation (GSD). A
value of 5 pg/dL is generally used as the blood lead level of concern and 1.6 for the GSD, but
other values can be selected by the user.

The user should note that results obtained from this version of IEUBK (v2) may differ slightly
from results obtained from earlier versions of IEUBK model due to changes in the inputs as well
as the code for calculating P-level (see below).



where:

SYSTEM REQUIREMENTS AND DESIGN FOR THE IEUBK MODEL

P(x) = 1= Z(x)(by + bpt? + bst® + byt* + bst>+€ (x)

_ In(PbBcutof f) — InitGM)

Ini¢iGSD)
1
t=—"—"-=
1+ (plxl)
7 = L e~ (¥/2)
Vam

If x < 0then P(cutoff) =1—P(x)

If x > 0 then P(cutoff) = P(x)

(x) < 7.510°® (error)

P = 0.2316419
by = 0.319381530
b,  =-0.356563782
bs = 1.781477937
bs  =-1.82125578
bs = 1.330274429

34



35
SYSTEM REQUIREMENTS AND DESIGN FOR THE IEUBK MODEL

3.0 Software Detail Design

The detailed design of the IEUBK v2 model is presented in this section. For each component
and its associated modules, the inputs, processing in terms of calculations, and outputs are
presented in table form.

3.1 OVERALL DESIGN DESCRIPTION

To design the IEUBK v2 model, a series of menus was created from which the user can select
screens for input of specific values appropriate to the situation that is being modeled. In general,
the inputs, processing, and outputs are similar for all the model components—Exposure, Uptake,
Biokinetic, and Probability Distribution. The inputs are values entered by the user or passed
from the previous component. The processing performed is the solving of the algorithm for the
particular component using the calculations identified in the requirements section (as determined
by scientific research). The output is the values passed to the following component, used as
input to the graphing routine, or the graph itself.

3.11 Local Data

The model uses local data only when the user calls up saved data as input to a graph. In addition,
some of the components contain values that are coded internally, and which are accessed during
the processing of algorithms.

3.1.2 Control

As a standalone system, internal control of the program is not a major issue. The system is
dependent on the user entering adequate, valid, and complete data; once the model runs are
initiated, the model runs as designed and tested.

3.1.3  Error Handling

The errors encountered by the IEUBK v2 model are those relating to data input. When the user
enters data that is invalid in terms of range or format, the system displays error messages which
prompt the user to enter valid data. These are included in the IEUBK v2 model’s source code for
every data input window for each model component.

In addition, the IEUBK v2 model displays a warning message in the model output when the
predicted blood lead concentration exceeds 30 ug/dL, the calibrated and empirical validation
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limit for predicted blood lead’. The empirical validation of the model did not address situations
where the predicted blood lead concentration exceeds 30 pg/dL; therefore, such results must be
interpreted with caution.

3.14 Data Conversion

In the IEUBK v2 model, all parameters are allowed to be entered to six digits. All output values
of the float type are controlled at 3 significant digits after the decimal except for blood lead
concentration which is controlled to one significant figure after decimal point.

3.1.5 Test Structure

The testing structure for the IEUBK v2 model is described in section 4.0.

3.1.6 Manual Procedures

The IEUBK v2 model has a significant number of manual procedures simply because it is
designed as a Windows system. The manual procedures include using the computer’s mouse to
select menus and to make selections from those menus. Once the selection has been made, the
user must use the mouse and keyboard to input the required data. For saving results to a file, or
identifying a previous results file as input to a graph, the user is prompted to enter the
appropriate filenames.

Output data from the batch mode runs are ASCI|I files that can be loaded into almost any
statistical analysis package or spreadsheet program that the user may want to use. The IEUBK
v2 batch mode output files will require little or no editing before being imported into other
programs, unless the missing value code (---) is incompatible with the user's package. It is
recommended that the user apply a variety of graphical and statistical techniques in evaluating
the output of batch mode model runs.

3.2 EXPOSURE COMPONENT

The various media exposure modules are presented in the following subsections. For each
exposure module, the inputs are listed along with descriptions of the sequential functions that
occur in processing.

7 Zaragoza, L. and Hogan, K., 1998. The Integrated Exposure Uptake Biokinetic Model for Lead in Children:
Independent Validation and Verification. Environmental Health Perspectives 106 (supplement 6): 1555.



https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1533426/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1533426/
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3.2.1  Air Lead Exposure Module

Inputs (from the Air Data Window): air_absorp[0], air_absorp[1], air_absorp[2], air_absorp[3], air_absorp[4],
air_absorp[5], air_absorp[6], time_out[0], time_out[1], time_out[2], time_out[3], time_out[4], time_out[5], time_out[6],
vent_rate[0], vent_rate[1], vent_rate[2], vent_rate[3], vent_rate[4], vent_rate[5], vent_rate[6], air_concentration[0],
air_concentration[1], air_concentration[2], air_concentration[3], air_concentration[4], air_concentration[5],
air_concentration[6], indoorpercent

ClassName.Function

Description

CAir.Check_Data_Valid()

Checks whether input data is within the acceptable range. If not, the user is prompted that
invalid data was entered and to try again.

CAir.UpdateData()

Updates and stores data temporarily in a file called “Air.tmp.” UpdateData() takes the user
input data to the application.

CAir.Air_TakeData()

Opens and reads data from “Air.tmp” or “Air.inp.” The file “Air.inp” stores default values for
each of the variables listed under Inputs.

Numeric values for air_absorp[0], air_absorp[1], air_absorp[2], air_absorp[3], air_absorp[4],
air_absorp[5], air_absorp[6], time_out[0], time_out[1], time_out[2], time_out[3], time_out[4],
time_out[5], time_out[6], vent_rate[0], vent_rate[1], vent_rate[2], vent_rate[3], vent_rate[4],
vent_rate[5], vent_rate[6], air_concentration[0], air_concentration[1], air_concentration[2],
air_concentration[3], air_concentration[4], air_concentration[5], and air_concentration[6] are
stored in the following arrays: air_absorp[AGE], time_out[AGE], vent_rate[AGE], and
air_concentration[AGE].

CAir.Calc_INAIR()

Calculates INAIR[AGE] using Equations E-1 through E-3.

CAir.Write_Data_File()

Writes input data to a temporary file.
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3.2.2  Dietary Lead Exposure Module

Inputs (from the Dietary Data Window): diet_intake[0], diet_intake[1], diet_intake[2], diet_intake[3], diet_intake[4],
diet_intake[5], diet_intake[6], YesNo_AlternativeDiet, UserFishConc, userFishFracPercent, UserFruitConc,
userFruitFracPercent, UserGameConc, userGameFracPercent, UserVegConc, userVegFracPercent, userFishFraction,
userVegFraction, userFruitFraction, userGameFraction

Class Name.Function

Description

CDiet.Check_Data_Valid()

Checks whether input data is within the acceptable range. If not, the user is prompted that
invalid data was entered and to try again.

CDiet.UpdateData()

Updates and stores data temporarily in a file called “Diet.tmp.” UpdateData() takes the
user input data to the application.

Percent values for userFruitFracPercent, userGameFracPercent, userFishFracPercent, and
userVegFracPercent are converted to their decimal fraction equivalent.

CDiet.Diet_TakeData()

Opens and reads data from “Diet.tmp” or “Diet.inp.” The file “Diet.inp” stores default
values for each of the variables listed under Inputs.

Numeric values for m_diet_intake[0], diet_intake[1], diet_intake[2], diet_intake[3],
diet_intake[4], diet_intake[5], and diet_intake[6] are stored in the array diet_intake[AGE].

CDiet.Calc_INDIET()

Calculates INDIET[AGE] whose value depends on the value of YesNo_AlternativeDiet.
If YesNo_AlternativeDiet=0, INDIET[AGE] is calculated using Equation E-43;
otherwise, INDIET[AGE] is calculated using Equations E-4b and E-5d through E-5I.

CDiet.Write_Data_File()

Writes input data to a temporary file.
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3.2.3  Water Lead Exposure Module

Inputs (from the Water Data Window): constant_water_conc, water_consumption[0], water_consumption[1],
water_consumption[2], water_consumption[3], water_consumption[4], water_consumption[5], water_consumption[6],
FirstDrawConc, HomeFlushedConc, FountainConc, FountainFraction, FirstDrawFraction,

Class Name.Function Description

CWater.Check_Data_Valid() Checks whether input data is within the acceptable range. If not, the user is prompted
that invalid data was entered and to try again.

Cwater.UpdateData() Updates and stores data temporarily in a file called “Water.tmp.” UpdateData() takes

the user input data to the application.

Percent values for FirstDrawPercent and FountainPercent are converted to their
decimal fraction equivalent.

Cwiater.Water_TakeData() Opens and reads data from “Water.tmp” or “Water.inp.” The file “Water.inp” stores

default values for each of the variables listed under Inputs.

Numeric values for water_consumption[0], water_consumption[1],
water_consumption[2], water_consumption[3], water_consumption[4],
water_consumption[5], and water_consumption[6] are stored in the array
water_consumption[AGE].

CWater.Calc_INWATER() Calculates INWATER[AGE] whose value depends on the value of
YesNo_AlternativeWater. If YesNo_AlternativeWate r= 0, INWATER[AGE] is
calculated using Equation E-6a; otherwise, INWATER[AGE] is calculated using
Equations E-6b and E-7.

CWater.Write_Data_File() Writes input data to a temporary file.
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3.24  Soil/Dust Lead Exposure Module

Inputs (from the Soil/Dust Window): weight_soil, soil_indoor[0], soil_indoor[1], soil_indoor[2], soil_indoor[3],
soil_indoor[4], soil_indoor[5], soil_indoor[6], soil_content[0], soil_content[1], soil_content[2], soil_content[3],
soil_content[4], soil_content[5], soil_content[6], soil_ingested[0], soil_ingested[1], soil_ingested[2], soil_ingested[3],
soil_ingested[4], soil_ingested[5], soil_ingested[6], contrib_percent, multiply_factor, OtherConc, OtherFraction, SchoolConc,
SchoolFraction, SecHomeConc, SecHomeFraction, DaycareConc, DaycareFraction, OccupConc, OccupFraction,
AvgMultiSrc, HouseFraction, constant_soil_conc[0], constant_soil_conc[1], constant_soil_conc[2], constant_soil_conc[3],
constant_soil_conc[4], constant_soil_conc[5], constant_soil_conc[5], constant_dust_conc[0], constant_dust_conc[1],
constant_dust_conc[2], constant_dust_conc[3], constant_dust_conc[4], constant_dust_conc[5], constant_dust_conc[6],
air_concentration[0], air_concentration[1], air_concentration[2], air_concentration[3], air_concentration[4],
air_concentration[5], air_concentration[6], , dust_indoor[0], dust_indoor[1], dust_indoor[2], dust_indoor[3], dust_indoor[4],
dust_indoor[5], dust_indoor[6], vary_indoor, vary_outdoor

Class Name.Function

Description

CSoil.Check_Data_Valid()

Checks whether input data is within the acceptable range. If not, the user is prompted that
invalid data was entered and to try again.

CSoil.UpdateData()

Updates and stores data temporarily in a file called “Soil.tmp.” UpdateData() takes the user
input data to the application.

Percent values for DaycareFracPercent, OccupFracPercent, OtherFracPercent,
SchoolFracPercent, SecHomeFracPercent, and HouseFracPercent are converted to their
decimal fraction equivalent.

CSoil.Soil_TakeData()

Opens and reads data from “Soil.tmp” or “Soil.inp.” The file “Soil.inp” stores default values
for each of the variables listed under Inputs.

Numeric values for soil_indoor[0], soil_indoor[1], soil_indoor[2], soil_indoor[3],
soil_indoor[4], soil_indoor[5], soil_indoor[6], soil_content[0], soil_content[1],
soil_content[2], soil_content[3], soil_content[4], soil_content[5], soil_content[6],
soil_ingested[0], soil_ingested[1], soil_ingested[2], soil_ingested[2], soil_ingested[3],
soil_ingested[4], soil_ingested[5], and soil_ingested[6] are stored in the following arrays:
soil_indoor[AGE], soil_content[AGE], and soil_ingested[AGE].

Csoil.Calc_INSOIL()

Calculates INSOIL[AGE], INDUST[AGE], and INDUSTA[AGE] whose values depend on
the values of m_altsrc, vary_indoor, vary_outdoor.

CSoil.Write_Data_File()

Writes input data to a temporary file.

CSoil.GetExtraData()

Takes data from the air module and MSA.

CSoil. MSA_TakeData()

Takes data from the MSA.
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3.25 Maternal Lead Exposure Module

Inputs (from the Maternal Data Window): PBBLDMAT

Class Name.Function

Description

CMaternal.Check_Data_Valid()

Checks whether input-data is within the acceptable range. If not, the user is
prompted that invalid data was entered and to try again.

CMaternal.UpdateData()

Updates and stores data temporarily in a file called “Maternal.tmp.” UpdateData()
takes the user input data to the application.

CMaternal.Maternal_TakeData()

Opens and reads data from “Maternal.tmp” or “Maternal.inp.” The file
“Maternal.inp” stores default values for each of the variables listed under Inputs.

CMaternal.Write_Data_File()

Writes input data to a temporary file.

3.2.6  Other Lead Exposure Module

Inputs (from the Alternate Source Data Window): other_intake[0], other_intake[1], other_intake[2], other_intake[3],
other_intake[4], other_intake[5], other_intake[6].

Class Name.Function

Description

COther.Check_Data_Valid()

Checks whether input data is within the acceptable range. If not, the user is
prompted that invalid data was entered and to try again.

COther.UpdateData()

Updates and stores data temporarily in a file called “Other.tmp.” UpdateData()
takes the user input data to the application.

COther.Other_TakeData()

Opens and reads data from “Other.tmp” or “Other.inp.” The file “Other.inp” stores
default values for each of the variables listed under Inputs.

Numeric values for other_intake[0], other_intake[1], other_intake[2],
other_intake[3], other_intake[4], other_intake[5], and other_intake[6] are stored in
the array other_intake[AGE].

COther.Write_Data_File()

Writes input data to a temporary file.
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3.2.7  Gl/Bioavailability Module

Inputs (from the Alternate Source Data Window): ABSDPercent, ABSF Percent, , ABSS Percent, ABSW Percent, PAFs,
SATINTAKEZ2.

Class Name.Function Description

CGiBio.Check_Data_Valid() Checks whether input data is within the acceptable range. If not, the user is prompted
that invalid data was entered and to try again.

CGiBio.UpdateData() Updates and stores data temporarily in a file called “GiBio.tmp.” UpdateData() takes
the user input data to the application.

CGiBio.Other_TakeData() Opens and reads data from “GiBio.tmp” or “GiBio.inp.” The file “GiBio.inp” stores
default values for each of the variables listed under Inputs.

CGiBio.Write_Data_File() Writes input data to a temporary file.

3.3 UPTAKE COMPONENT

The inputs to the Uptake component are listed below along with a description of the function that
occurs in the model processing.

Inputs: These variables were derived from the Exposure Component of the model: INAIR[AGE], INSOIL[AGE],
INDUST[AGE], INDUSTA[AGE], INWATER[AGE], INDIET[AGE], INOTHER[AGE], PBBLDMAT

ClassName.Function Description

BaseComp.Calc_UPTAKE() Calculates the values for UPAIR[MONTH], UPDIET[MONTH], UPDUST[MONTH],
UPDUSTA[MONTH], UPSOIL[MONTH], UPWATER[MONTH],
UPOTHER[MONTH], and UPTAKE[MONTH] using Equations U-1a through U-1I, U-2,
U-3, U-4, and U-5.

3.4 BIOKINETIC COMPONENT

The inputs to the Biokinetic component are listed below along with a description of the function
that occurs in the model processing.

Inputs: This variable was derived from the Uptake Component of the model: UPTAKE[MONTH]

Class Name.Function Description

BaseComp.Calc_Biokinetic() Calculates the lead masses in each body compartments (MPLECF[2], MPLASM|2],
MRBC[2], MLIVER[2], MKIDNEY[2], MOTHER[2], MTRAB[2], and MCORT[2])
using the difference equations B-6.5a through B-6.5i and intermediate equations B-1a
through B-1h, B-2a through B-20, B-2.5, B-3, B-4a through B-4d, B-5a through B-5m, B-
6a through B-6i, B-7a through B-7i, B-8a through B-8d, B-9a through B-9i, and B-10a
through B-10c.
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4.0 Documentation for the IEUBK v2

Several documents are required as documentation for the IEUBK v2 model. The System
Requirements and Design is designed for use by programmers. By contrast, The User’s Guide
will be widely used by end users of the IEUBK v2 model.

The system documentation for the IEUBK v2 model includes the following:

e System Requirements and Design Specifications
e Data Crosswalk
e Data Elements Dictionary

These documents were prepared according to the System Life Cycle Management (SLCM)
Procedure CIO 2121-P-03.0 and CMMI (Level 3). The audience for these documents will be
Program Managers and software developers. The purpose of these documents was to
demonstrate that the recoding of the IEUBK model was performed correctly and to document the
recoding effort to satisfy information requests from stakeholders. The system documentation
will also be an important reference for the future in the event that enhancements to the IEUBK
v2 model are necessary. Changes to the IEUBK v2 model may occur because of changes in the
scientific understanding that affect equations or defaults in the current model source code (e.g.,
the changes to variable values that prompted the development of IEUBK v2). The detailed
design documentation will assist future designers and programmers with system maintenance by
clearly defining the current system requirements and technical design.



APPENDIX A

EQUATIONS AND PARAMETERS
IN THE IEUBK v2 MODEL

The parameters and equations presented here are not a line by line documentation of
the IEUBK v2 model source code. Although most of the symbols and notations are
identical to the model source code, some notations may differ but are mathematically
equivalent. The equations and parameters presented in this document have been
simplified for clarity. All the equations, with the exception of those listed below,
were taken from the Technical Support Document (TSD): Parameters and Equations
Used in the Integrated Exposure Uptake Biokinetic (IEUBK) Model for Lead in
Children (v 0.99d) [December 1994] and earlier iterations of this document.

Appendix A consists of three tables which contain the equations used in the IEUBK
v2 model. Exposure equations are listed in Table A-1. Tables A-2 and A-3 contain
the equations for the uptake and biokinetic components, respectively. Within each
table, similar equations or equations which combine to achieve a common purpose are
grouped together. For example, in Table A-1, the equation groups are defined by the
different environmental media.



TABLE A-1. EQUATIONS OF THE EXPOSURE MODEL COMPONENT

GROUP NUMBER EQUATION
Air Lead E-la vent_rate[AGE] = 4.233 * AGE %%
E-1 IndoorConc[AGE] = 0.01 * indoorpercent * air_concentration[AGE]
e TWA[AGE] = [time_out[AGE]* air_concentration[AGE]] + [(24 - time_out[AGE])* IndoorConc[AGE]]
24
E3 INAIR[AGE] = TWA[AGE] * vent_rate[AGE]
Dietary Lead E-da INDIET[AGE] = diet_intake[AGE]
(I;t4b ?I(IDIET[AGE] = DietTotaI[AG_E] = InOtherDiet[_AGE]+ InMeat[AGE] + InGame[AGE] + InFish[AGE] + InCanVeg[AGE] + InFrVeg[AGE] +
InHomeVeg[AGE] + InCanFruit[AGE] + InFrFruitfAGE] + InHomeFruit[AGE]
InOtherDiet[AGE] = InDairy[AGE] + InJuice[AGE] + InNuts[AGE] + InBread[AGE] + InPasta[AGE] + InBeverage[AGE] + InCandy[AGE] +
E-4c InSauce[AGE] + InFormula[AGE] + InInfant[AGE]
E-4d beverage[AGE] = beverageConc * beverage_Consump[AGE]
E-4e bread[AGE] = breadConc * bread_Consump[AGE]
E-4f can_fruitfAGE] = canFruitConc * canFruit_Consump[AGE]
E-4g can_veg[AGE] = canVegConc * CanVeg_Consump[AGE]
E-4h candy[AGE] = candyConc * candy_Consump[AGE]
E-4i dairy[AGE] = dairyConc * dairy_Consump[AGE]
E-4j f_fruitfAGE] = fFruitConc * fFruit_Consump[AGE]
E-4k f_veg[AGE] = fVegConc * fVeg_Consump[AGE]
E-41 formula[ AGE] = formulaConc * formula_Consump[AGE]

Note: Italicized variables are not parameters in the model. These variables are only intermediate variables.

[AGE] = 0-7 years; [MONTH] = 0-84; [NS] = iteration period expressed as a fraction of one day; [STEPS] = The time step (4 hours) is used in the biokinetic component of the
model in combination with compartmental transfer times to calculate the distribution of lead among bodily tissues.
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TABLE A-1. EQUATIONS OF THE EXPOSURE MODEL COMPONENT

GROUP NUMBER EQUATION

Dietary Lead E-4m infant[AGE] = infantConc * infant_Consump[AGE]

(continued)
E-4n juices[AGE] = juiceConc * juice_Consump[AGE]
E-40 meat[AGE] = meatConc * meat_Consump[AGE]
E-4p nuts[AGE] = nutsConc * nuts_Consump[AGE]
E-4q pasta[AGE] = pastaConc * pasta_Consump[AGE]
E-4r sauce[AGE] = sauceConc * sauce_Consump[AGE]
E-5a meatFraction = 1 — userFishFraction — userGameFraction
E-5b vegFraction = 1 — userVegFraction
E-5¢c fruitFraction = 1 — userFruitFraction
E-5d InMeat[AGE] = meatFraction * meat[AGE]
E-5e InCanVeg[AGE] = vegFraction/2 * can_veg[AGE]
E-5f InFrVeg[AGE] = vegFraction/2 * f_veg[AGE]
E-5g InCanFruit[AGE] = fruitFraction/2 * can_fruitfAGE]
E-5h InFrFruit[AGE] = fruitFraction/2 * f_fruit[AGE]
E-5i InHomeFruit[AGE] = userFruitFraction * (canFruit_Consump[AGE] + fFruit_Consump [AGE]) * UserFruitConc
E-5j InHomeVeg[AGE] = userVegFraction * (canVeg_Consump[AGE] + fVeg_Consump[AGE]) * UserVegConc
E-5k InFish[AGE] = userFishFraction * meat_consump[AGE] * UserFishConc
E-51 InGame[AGE] = userGameFraction * meat_consump[AGE] * UserGameConc
E-5m InDairy[AGE] = Dairy[AGE]
E-5n InJuice[AGE] = Juices[AGE]

Note: Italicized variables are not parameters in the model. These variables are only intermediate variables.

[AGE] = 0-7 years; [MONTH] = 0-84; [NS] = iteration period expressed as a fraction of one day; [STEPS] = The time step (4 hours) is used in the biokinetic component of the
model in combination with compartmental transfer times to calculate the distribution of lead among bodily tissues.
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TABLE A-1. EQUATIONS OF THE EXPOSURE MODEL COMPONENT

GROUP NUMBER EQUATION
Dietary Lead E-50 INNUts[AGE] = Nuts[AGE]
(continued)
E-5p InBread[AGE] = Bread[AGE]
E-5q InPasta[AGE] = Pasta[AGE]
E-5r InBeverage[AGE] = Beverage[AGE]
E-5s InCandy[AGE] = Candy[AGE]
E-5t InSauce[AGE] = Sauce[AGE]
E-5u InFormula[AGE] = Formula[AGE]
E-5v InInfant[AGE] = Infant]AGE]
Water Lead E-6a INWATER[AGE] = water_consumption[AGE] * constant_water_conc
E(-)(;b or

INWATER[AGE] = water_consumptionfAGE] * (HomeFlushedConc * HomeFlushedFraction + FirstDrawConc * FirstDrawFraction + FountainConc * FountainFraction)

E-7 HomeFlushedFraction = 1 - FirstDrawFraction - FountainFraction
Soil Lead E-8a INSOIL[AGE] = constant_soil_conc[AGE] * soil_ingested[AGE] * (0.01 * weight_soil)
E(-)E;b ?IIISOIL[AGE] =soil_contentAGE]* soil_ingested[AGE] * (0.01 * weight_soil)
Dust Lead E-9a INDUST[AGE] = constant_dust_conc[AGE] * soil_ingested[AGE] * (0.01 * (100 - weight_soil))
E-9b INDUST[AGE] = DustTotal[AGE] * soil_indoor[AGE] * HouseFraction
E-9c INDUSTA[AGE] = OCCUP[AGE] + SCHOOL[AGE] + DAYCARE[AGE] + SECHOME[AGE] + OTHER[AGE]
E-9d INDUST[AGE] = soil_indoor[AGE] * soil_ingested[AGE] * (0.01 * (100 - weight_soil))
E-9e INDUST[AGE] = dust_indoor[AGE] * soil_ingested[AGE] * (0.01 * (100 - weight_soil))
E-9.5 HouseFraction = 1 — (OccupFraction - SchoolFraction - DaycareFraction - SecHomeFraction — OtherFraction)
E-10 DustTotal[AGE] = soil_ingested[AGE] * (0.01 * (100 - weight_soil))

Note: Italicized variables are not parameters in the model. These variables are only intermediate variables.

[AGE] = 0-7 years; [MONTH] = 0-84; [NS] = iteration period expressed as a fraction of one day; [STEPS] = The time step (4 hours) is used in the biokinetic component of the
model in combination with compartmental transfer times to calculate the distribution of lead among bodily tissues.
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TABLE A-1. EQUATIONS OF THE EXPOSURE MODEL COMPONENT
GROUP NUMBER EQUATION
Dust_ Lead E-11a soil_indoor[AGE] = (contrib_percent *soil_content[AGE]) + (multiply_factor * air_concentration[AGE])
(continued) E-11b soil_indoor[AGE] = (contrib_percent * constant_soil_conc[AGE]) + (multiply_factor * air_concentration[AGE])
E-11c soil_indoor[AGE] = dust_indoor[AGE]
E-11d soil_indoor[AGE] = constant_dust_conc[AGE]
E-12a OCCUP[AGE] = DustTotal[AGE] * OccupFraction * OccupConc
E-12b SCHOOL[AGE] = DustTotal[AGE] * SchoolFraction * SchoolConc
E-12c DAYCARE[AGE] = DustTotal[AGE] * DaycareFraction * DaycareConc
E-12d SECHOME[AGE] = DustTotal[AGE] * SecHomeFraction * SecHomeConc
E-12e OTHER[AGE] = DustTotal[AGE] * OtherFraction *OtherConc

Note: Italicized variables are not parameters in the model. These variables are only intermediate variables.

[AGE] = 0-7 years; [MONTH] = 0-84; [NS] = iteration period expressed as a fraction of one day; [STEPS] = The time step (4 hours) is used in the biokinetic component of the
model in combination with compartmental transfer times to calculate the distribution of lead among bodily tissues.
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TABLE A-2. EQUATIONS OF THE UPTAKE MODEL COMPONENT

GROUP NUMBER EQUATION

Absorption Coefficients, Passive Uptakes

Note: In calculating uptake, first, medium-specific passive uptakes are calculated using equations Ula-U1f, then, the medium-specific
passive uptake values are updated with the inclusion of the active uptake contribution using equations Ulg-U1l.

Dust Lead (continued) U-la UPDIET[MONTH]=PAF*ABSF*AVF*INDIET[AGE]
U-1b UPWATER[MONTH]=PAF*ABSW*AVW*INWATER[AGE]
U-1c UPDUST[MONTH]=PAF*ABSD*AVD*INDUST[AGE]
U-1d UPDUSTA[MONTH]=PAF*ABSD*AVD*INDUSTA[AGE]
U-le UPSOIL[MONTH]=PAF*ABSS*AVS*INSOIL[AGE]
U-1f UPOTHER[MONTH]=PAF*ABSO*AVO*INOTHER[AGE]

Absorption Coefficients, Active Uptakes

Dust Lead (continued) U-1g
B (1 PAF)* ABSF* AVF* INDIET[AGE]
UPDIET[MONTH] = UPDIET[MONTH]+  AVINTAKE[MONTH]
SATUPTAKE[MONTH]
U-1h

(1- PAF)* ABSW * AVW * INWATER[AGE]
. AVINTAKE[MONTH]
SATUPTAKE[MONTH]

UPWATER[MONTH | = UPWATER[MONTH] +

Note: Italicized variables are not parameters in the model. These variables are only intermediate variables.

[AGE] = 0-7 years; [MONTH] = 0-84; [NS] = iteration period expressed as a fraction of one day; [STEPS] = The time step (4 hours) is used in the biokinetic component of the
model in combination with compartmental transfer times to calculate the distribution of lead among bodily tissues.
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TABLE A-2. EQUATIONS OF THE UPTAKE MODEL COMPONENT
GROUP NUMBER EQUATION
U-1i
_ * * *
UPDUST[MONTH]= UPDUST[MONTH]+ (L—PAF)* ABSD*AVD * INDUSTIAGE]
.\ AVINTAKE[MONTH]
SATUPTAKE[MONTH]
U-1j
(1- PAF)* ABSD* AVD * INDUSTA[AGE]
UPDUSTA[MONTH] = UPDUSTA[MONTH]+
L AVINTAKE[MONTH]
SATUPTAKE[MONTH]
U-1k
B (1- PAF)* ABSS* AVS* INSOIL[AGE]
UPSOIL[MONTH] = UPSOIL[MONTH]+ AVINTAKE[MONTH]
SATUPTAKE[MONTH]
U-11
(1- PAF)* ABSO* AVO * INOTHER[AGE]
UPOTHER[MONTH | = UPOTHER[MONTH ]+
B AVINTAKE[MONTH]
SATUPTAKE[MONTH]
U-2 AVINTAKE = ABSD * INDUST[AGE] + ABSD * INDUSTA[AGE] + ABSS * INSOIL[AGE] + ABSF * INDIET[AGE] + ABSO *
INOTHER[AGE] + ABSW * INWATER[AGE]
WTBODY[MONTH]
U3 SATUPTAKE[MONTH] = SATUPTAKE2 *
WTBODY/|24]

Note: Italicized variables are not parameters in the model. These variables are only intermediate variables.

[AGE] = 0-7 years; [MONTH] = 0-84; [NS] = iteration period expressed as a fraction of one day; [STEPS] = The time step (4 hours) is used in the biokinetic component of the
model in combination with compartmental transfer times to calculate the distribution of lead among bodily tissues.
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TABLE A-2. EQUATIONS OF THE UPTAKE MODEL COMPONENT

GROUP NUMBER EQUATION

U-4 UPAIR[MONTH] = air_absorp[AGE] * 0.01 * INAIR[AGE]

Total Lead Uptake

U-5

UPTAKE[MONTH] = 30 * {(UPDIET[MONTH] + UPWATER[MONTH] + UPDUST[MONTH] + UPSOIL[MONTH] + UPDUSTA[MONTH] + UPOTHER[MONTH] + UPAIR[IMONTH]}

Note: Italicized variables are not parameters in the model. These variables are only intermediate variables.

[AGE] = 0-7 years; [MONTH] = 0-84; [NS] = iteration period expressed as a fraction of one day; [STEPS] = The time step (4 hours) is used in the biokinetic component of the
model in combination with compartmental transfer times to calculate the distribution of lead among bodily tissues.
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TABLE A-3. EQUATIONS OF THE BIOKINETIC MODEL COMPONENT
GROUP NUMBER | EQUATION
Compartmental Lead Transfer Times
B-1a 0.333
WTBODY[MONTH]
TBLUR[MONTH] = TBLUR[24]*
WTBODY[24]
B-1b 0.333
WTBODY|[MONTH]
TBLLIV[MONTH] = TBLLIV[24]*
WTBODY/[24]
B-Lc 0.333
WTBODY[MONTH]
TBLOTH[MONTH] = TBLOTH[24]*
WTBODY/|[24]
B-1d 0.333
WTBODY[MONTH]
TBLKID[MONTH] = TBLKID[24]*
WTBODY [24]
B-le 0.333
WTBODY[MONTH]
TBLBONE[MONTH] = TBLBONE[24]*
WTBODY[24]
B-1f TBLFEC[MONTH] = RATFECUR * TBLUR[MONTH]
B-1g TBLOUT[MONTH] = RATOUTFEC * TBLFEC[MONTH]

Note: Italicized variables are not parameters in the model. These variables are only intermediate variables.

[AGE] = 0-7 years; [MONTH] = 0-84; [NS] = iteration period expressed as a fraction of one day; [STEPS] = The time step (4 hours) is used in the biokinetic component of the
model in combination with compartmental transfer times to calculate the distribution of lead among bodily tissues.
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TABLE A-3. EQUATIONS OF THE BIOKINETIC MODEL COMPONENT

GROUP NUMBER | EQUATION
Compartmental B-1h
Lead Transfer
Times (continued) {WTTRAB[MONTH]+ WTCORT[MONTH]}
TBONEBL|[MONTH ] = CRBONEBL[MONTH]* TBLBONE[MONTH ] *
(VOLBLOOD[MONTH])
10
B-2a TPLRBC=0.1
TRBCPL = TPLRBC*| RATBLPL-——>
(0.55+0.73)
B-2c TBLUR[MONTH]
TPLUR[MONTH] =
RATBLPL
B-2d TBLLIV[MONTH]
TPLLIV[MONTH]=
RATBLPL
B-2e
TBLLIVIMONTH] WTLIVER[MONTH]
TLIVPL[MONTH]= CRLIVBL|[MONTH]* *
[ ] [ J _ TBLLIV[MONTH] VOLBLOOD[MONTH]
TBLFEC[MONTH] 10
B-2f

WTLIVER[MONTH]
(VOLBLOOD[MONTH]}
10

TLIVFEC[MONTH] = CRLIVBL[MONTH]* TBLFEC[MONTH]*

Note: Italicized variables are not parameters in the model. These variables are only intermediate variables.

[AGE] = 0-7 years; [MONTH] = 0-84; [NS] = iteration period expressed as a fraction of one day; [STEPS] = The time step (4 hours) is used in the biokinetic component of the
model in combination with compartmental transfer times to calculate the distribution of lead among bodily tissues.
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TABLE A-3. EQUATIONS OF THE BIOKINETIC MODEL COMPONENT

GROUP NUMBER EQUATION

Compartmental B-2g TBLKI D[MONTH]

Lead Transfer TPLKID[MONTH]= ————————~

Times (continued) RATBLPL
B-2h

WTKIDNEY[MONTH]

TKIDPL[MONTH]= CRKIDBL[MONTH ]* TBLKID[MONTH]*

(VOLBLOOD[MONTH]
10

B2 TBLBONE[MONTH]

TPLTRAB[MONTH] = {02+ RATBLAL)
B-2j TTRABPL[MONTH] = TBONEBL[MONTH]
B-2k TBLBONE[MONTH]

TPLCORT[MONTH] = {05+ RATBLPL)
B-21 TCORTPL[MONTH] = TBONEBL[MONTH]
B-2m TBLOTH[MONTH]

TPLOTH[MONTH] =

RATBLPL

Note: Italicized variables are not parameters in the model. These variables are only intermediate variables.

[AGE] = 0-7 years; [MONTH] = 0-84; [NS] = iteration period expressed as a fraction of one day; [STEPS] = The time step (4 hours) is used in the biokinetic component of the

model in combination with compartmental transfer times to calculate the distribution of lead among bodily tissues.
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TABLE A-3. EQUATIONS OF THE BIOKINETIC MODEL COMPONENT

GROUP NUMBER | EQUATION
Compartmental
Lead Transfer
Times (contined) TBLOTH[MONTH] WTOTHER[MONTH]

B-2n TOTHPL[MONTH] = CROTHBL[MONTH]* *

. TBLOTH[MONTH] [VOLBLOOD[MONTH])
TBLOUT[MONTH] 10
B-20
WTOTHER|[MONTH]
TOTHOUT[MONTH] = CROTHBL[MONTH]* TBLOUT[MONTH] -
VOLBLOOD|MONTH]
10
B-25 TPLRBC
TPLRBC2[STEPS] =
. MRBC[STEPS]
(VOLRBC([MONTH]-1)* CONRBC)

Blood to Plasma-
ECF Lead Mass B-3 RATBLPL =100
Ratio
Fluid Volumesand | B-4a CRKIDBL[MONTH] = 0.777 + [2.35 * {1 - exp(-0.0468*[MONTH])}]
Organ Weights

B-4b CRLIVBL[MONTH] = 1.1 + [3.5 * {1 - exp(-0.0462*[MONTH])}]

B-4c CRBONEBL[MONTH] = 6.0 + [215.0 * {1 - exp(-0.000942*[MONTH])}]

B-4d CROTHBL[MONTH] = 0.931 + [0.437 * {1 - exp(-0.00749*[MONTH])}]

Note: Italicized variables are not parameters in the model. These variables are only intermediate variables.

[AGE] = 0-7 years; [MONTH] = 0-84; [NS] = iteration period expressed as a fraction of one day; [STEPS] = The time step (4 hours) is used in the biokinetic component of the
model in combination with compartmental transfer times to calculate the distribution of lead among bodily tissues.
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TABLE A-3. EQUATIONS OF THE BIOKINETIC MODEL COMPONENT

WTBODY[MONTH]=

GROUP NUMBER | EQUATION
Fluid Volumesand | o
Organ Weights
(continued) 10.67 21.86
VOLBLOOD|MONTH] = +
([MONTH]-6.87) ([MONTH]-88.15)
1+ expy— 1+ expy—
7.09 26.73
B-5b I
431 26.47
VOLRBC[MONTH] = +
([MONTH] - 6.45) ([MONTH]-129.61)
1+expy— 1+ expy—
10.0 i 25.98
B-5¢ |
6.46 8.83
VOLPLASM[MONTH] = +
([MONTH]-6.81) ([MONTH]-65.66)
1+expy— 1+ expy—
5.74 | 23.62
B-5d VOLECF[MONTH] =0.73 * VOLBLOOD[MONTH]
B-5e VOLBLOOD[MONTH]
WTECF[MONTH] = 0.73*
10
B-5f
8.375 17.261

3.60

1+ exp {_ ([MONTH]—S.SO)} " L+ exp {_ ([MONTH]—48.76)}

20.63

Note:

Italicized variables are not parameters in the model. These variables are only intermediate variables.

[AGE] = 0-7 years; [MONTH] = 0-84; [NS] = iteration period expressed as a fraction of one day; [STEPS] = The time step (4 hours) is used in the biokinetic component of the
model in combination with compartmental transfer times to calculate the distribution of lead among bodily tissues.
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TABLE A-3. EQUATIONS OF THE BIOKINETIC MODEL COMPONENT

WTOTHER[MONTH

GROUP NUMBER EQUATION
Fluid Volumes and _ "
Organ Weights B-5g WTBONE[MONTH] = 0.03+ 0.105*WTBODY[MONTH]
(continued)
B-5h WTCORT = 0.8*WTBONE[MONTH]
B-5i WTTRAB = 0.2*WTBONE[MONTH]
B-5j
0.050 0.106
WTKIDNEY[MONTH] = +
{ ([MONTH]—5.24)} { ([MONTH]- 65.37)}
l+expy——— " 1+exps —
4.24 34.11
B-5k
0.261 0.584
WTLIVER[MONTH] = +
([MONTH] - 9.82) ([MONTH] - 55.65)
1+exps— 1+ expy—
3.67 37.64
B-5l

]= WTBODY[MONTH] - WTKIDNEY[MONTH] - WTLIVER[MONTH] - WTTRAB[MONTH] - WTCORT[MONTH)] - WTBLOOD[MONTH] - WTECF[MONTH]

B-5m

VOLBLOOD|MONTH]

WTBLOOD|[MONTH ] =1.056 *
10

NOTE: The following equations (B-6a to B-6i) represent the correct mathematical specification. These differential equations are translated into
difference equations employing the backward Euler solution in the series B-6.5a to B-6.5i (an algebraic rearrangement presented for ease of
interpretation). The calculations are shown in B-9a-B9i.

Compartmental Lead Masses (Differential Equations)

Note: Italicized variables are not parameters in the model. These variables are only intermediate variables.

[AGE] = 0-7 years; [MONTH] = 0-84; [NS] = iteration period expressed as a fraction of one day; [STEPS] = The time step (4 hours) is used in the biokinetic component of the
model in combination with compartmental transfer times to calculate the distribution of lead among bodily tissues.
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TABLE A-3. EQUATIONS OF THE BIOKINETIC MODEL COMPONENT

GROUP NUMBER EQUATION
B-6a dMPLECF(STEPS)/dt = UPTAKE(STEPS) + INFLOW(STEPS) - OUTFLOW(STEPS)
Compartmental
Lead Masses B-6b
(Differential
Equations)

(continued)

|NFLOW(STEPS): MLIVER[STEPS] MKIDNEY[STEPS] MOTHER(STEPS)+ MTRAB(STEPS) . MCORT[STEPS] +MRBC[STEPS]

TLIVPL[MONTH] TKIDPL[MONTH] TOTHPL[MONTH] TTRABPL[MONTH] TCORTPL[MONTH] TRBCPL

B-6¢

+ +

1 1 1 1 1 1 1
OUTFLOW[STEPS] = MPLECF[STEPS] * + + N .
TPLUR[MONTH] TPLLIV[MONTH] TPLKID[MONTH] TPLOTH [MONTH] TPLTRAB[MONTH] TPLCORT[MONTH] TPLRBC2

B-6d dVMRBC[STEPS]  MPLECF[STEPS] MRBC[STEPS]
dt ~ TPLRBC2 TRBCPL
B-oe dMLIVER[STEPS]  MPLECF[STEPS] MLIVER[sTEPS]* 1 . 1
dt ~ TPLLIV[MONTH] TLIVPL[MONTH]  TLIVFEC[MONTH]
B-6f dMKIDNEY[STEPS] MPLECF[STEPS] MKIDNEY([STEPS]
dt ~ TPLKID[MONTH]  TKIDPL[MONTH]

Note: Italicized variables are not parameters in the model. These variables are only intermediate variables.

[AGE] = 0-7 years; [MONTH] = 0-84; [NS] = iteration period expressed as a fraction of one day; [STEPS] = The time step (4 hours) is used in the biokinetic component of the
model in combination with compartmental transfer times to calculate the distribution of lead among bodily tissues.
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TABLE A-3. EQUATIONS OF THE BIOKINETIC MODEL COMPONENT
GROUP NUMBER | EQUATION
569 dMOTHER[STEPS]  MPLECF[STEPS] 1 1
= — MOTHER|[STEPS]* +
dt TPLOTH[MONTH ] TOTHPL[MONTH] TOTHOUT[MONTH]
ES_QS"&TJ;ZZ‘“ B-6h dMTRAB[STEPS|  MPLECF[STEPS| ~ MTRAB|[STEPS]
Equations) dt ~ TPLTRAB[MONTH] TTRABPL[MONTH]
(continued)
B-6i dMCORT[STEPS]  MPLECF[STEPS] ~ MCORTI[STEPS]
dt ~ TPLCORT[MONTH]| TCORTPL[MONTH]
B-6.52 MPLECF[STEPS] - (MPLECF[STEPS] - NS)
" = UPTAKE[MONTH] + INFLOW[STEPS] - OUTFLOW[STEPS]
B-6.5b
MLIVER[STEPS] MKIDNEY[STEPS] MOTHER[STEPS] MTRAB[STEPS] MCORT[STEPS] MRBC[STEPS]
INFLOW[STEPS ] = + + + +
TLveL[MONTH]  TkiDPL[MONTH]  TOTHPL[MONTH] ~ TTRABPL[MONTH] ~TCORTPL[MONTH] ~ TRBCPL
B-6.5¢c
OUTFLOW[STEPS] = MPLECF[STEPS] * ! + ! + ! + : + ! + ! + !
TPLUR|MONTH|  TPLLIV[MONTH]|  TPLKID|MONTH|  TPLOTH|[MONTH]  TPLTRAB[MONTH]| TPLCORT|MONTH]|  TPLRBC2

Note: Italicized variables are not parameters in the model. These variables are only intermediate variables.

[AGE] = 0-7 years; [MONTH] = 0-84; [NS] = iteration period expressed as a fraction of one day; [STEPS] = The time step (4 hours) is used in the biokinetic component of the
model in combination with compartmental transfer times to calculate the distribution of lead among bodily tissues.
A-16



TABLE A-3. EQUATIONS OF THE BIOKINETIC MODEL COMPONENT

GROUP NUMBER | EQUATION
B-6.5d MRBC[STEPS] - (MRBC[STEPS|- NS) MPLECF[STEPS| MRBC[STEPS]
NS ~ TPLRBC2 TRBCPL
Compartmental B-6.5e
Legd Masses
Equatons) MLIVER[STEPS] - (MLIVER[STEPS]- NS)  MPLECF[STEPS] MLIVER[STEPS]* 1 N 1
(continued) NS " TPLLIV[MONTH] TLIVPL[MONTH] * TLIVFEC[MONTH]
B-6.51 MKIDNEY[STEPS] - (MKIDNEY[STEPS|- NS)  MPLECF[STEPS| ~MKIDNEY|[STEPS]
NS ~ TPLKID[MONTH]  TKIDPL[MONTH]

B-6.5¢

MOTHER|STEPS | - (MOTHER([STEPS |- NS)  MPLECF[STEPS | 1 1
- — MOTHER[STEPS | * +
NS TPLOTH[MONTH] TOTHPL|MONTH| = TOTHOUT|MONTH |
B-6.5h MTRAB[STEPS]- (MTRAB[STEPS]-NS) ~ MPLECF[STEPS]  MTRAB[STEPS]
NS ~ TPLTRAB[MONTH] TTRABPL[MONTH]
B-6.5i MCORT[STEPS]- (MCORT[STEPS]- NS)  MPLECF[STEPS] ~ MCORT[STEPS]
NS ~ TPLCORT[MONTH]| TCORTPL[MONTH]

Note: Italicized variables are not parameters in the model. These variables are only intermediate variables.

[AGE] = 0-7 years; [MONTH] = 0-84; [NS] = iteration period expressed as a fraction of one day; [STEPS] = The time step (4 hours) is used in the biokinetic component of the

model in combination with compartmental transfer times to calculate the distribution of lead among bodily tissues.
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TABLE A-3. EQUATIONS OF THE BIOKINETIC MODEL COMPONENT

GROUP NUMBER EQUATION
NOTE: Equations B-7b, B-7c, and B-7d represent the distribution of fetal blood lead, derived from the mother’s blood lead, at birth. In this
simplified form, these equations are numerically equivalent to the following equations that more precisely represent the distribution of lead at
birth. The difference in these two sets of equations is insignificant after 2-3 iteration steps.
Tissue Lead Masses TPLRBC
and Blood Lead PBBLDO* (VOLPLASM(0)+ VOLRBC(0))* B
Concentration at N
: MPLECF(0) =
Birth ©) TRBCPL(0)
NS
TPLRBC(0)
MRBC(0) = PBBLDO* (VOLPLASM(0) + VOLRBC(0))*| 1 - 0.416| —————~
TRBCPL(0)
MPLECF\0
MPLASM(0) = MPLECF(0)
0.416
B-7a PBBLDO = 0.85 * PBBLDMAT
B-7b TPLRBC
PBBLDO* (VOLPLASM(0)+ VOLRBC(0))*| ———— |*(1.7 - HCTO)
NS
MPLECF(0) =
TRBCPL(O) TPLRBC
+
NS NS
B-7c TRBCPL(0)
PBBLDO* (VOLPLASM(0)+ VOLRBC(0))*| — -~/
NS

MRBC(0) =

+

(TRBCPL(O) TPLRBC)
NS NS

Note: Italicized variables are not parameters in the model. These variables are only intermediate variables.

[AGE] = 0-7 years; [MONTH] = 0-84; [NS] = iteration period expressed as a fraction of one day; [STEPS] = The time step (4 hours) is used in the biokinetic component of the
model in combination with compartmental transfer times to calculate the distribution of lead among bodily tissues.
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TABLE A-3. EQUATIONS OF THE BIOKINETIC MODEL COMPONENT

GROUP NUMBER | EQUATION

B-7d
Tissue Lead Masses MPLASM(O) _ MPLECF(O)
and Blood Lead (1 7 _ HCTO)
Concentration at '
Birth (continued

B-7e MCORT(0) = 78.9 * PBBLDO * WTCORT(0)

B-7f MKIDNEY (0) = 10.6 * PBBLDO * WTKIDNEY(0)

B-7g MLIVER(0) = 13.0 * PBBLDO * WTLIVER(0)

B-7h MOTHER(0) = 16.0 * PBBLDO * WTOTHER(0)

B-7i MTRAB(0) = 51.2 * PBBLDO * WTTRAB(0)

B-8a IMPLECF[STEPS — NS]+ (UPTAKE[MONTH]/STEPS) + SUM3|

MPLECF[STEPS|=
[1+ (NS*SUM1)- (NS*SuM2)|
B-8b
1 1 1 1 1 1
SUM 1[STEPS] = + + + + + +
TPLUR[MONTH ] TPLRBC2  TPLLIV[MONTH]  TPLKID[MONTH]| TPLOTH[MONTH] ~ TPLTRAB[MONTH ] TPLCORT [MONTH |

Note: Italicized variables are not parameters in the model. These variables are only intermediate variables.

[AGE] = 0-7 years; [MONTH] = 0-84; [NS] = iteration period expressed as a fraction of one day; [STEPS] = The time step (4 hours) is used in the biokinetic component of the
model in combination with compartmental transfer times to calculate the distribution of lead among bodily tissues.
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TABLE A-3. EQUATIONS OF THE BIOKINETIC MODEL COMPONENT
GROUP NUMBER | EQUATION
Compartmental B-8¢c 1 1
altion sumz[sTes] - TRBCPL ) [ ] [ ]
(Solutr PLREC 2*( . 1) oL [monmw ]+ TEVPLMONTH] | TuveL[wonT]
gorithm) NS NS TLIVALL[MONTH |
1 1
+ +
(TKIDPL[MONTH] J (TOTHPL[MONTH] TOTHPL[MONTH | j
TPLKID[MONTH J*| — =" 41 ; ‘1
NS NS TOTHALL[MONTH |
1 1
+ +
TTRABPL[MONTH | TCORTPL[MONTH |
TPLTRAB[MONTH |* +1| TPLCORT[MONTH ]* +1
NS NS
B-8d sUM3[STEPS ] - MRBC([STEPS |- Ns) . MLIVER([STEPS |- NS)
(TRBCPL +1) TLIVPL[MONTH]+ TLIVPL[MONTH | "
NS NS TLIVALL[MONTH |
. MKIDNEY ([STEPS |- NS ) . MOTHER([STEPS |- NS)
(TKIDPL[MONTH | +1) TOTHPL[MONTH | . TOTHPL[MONTH | "
NS NS TOTHALL[MONTH |
N MTRAB([STEPS |- NS) , __MCORT ([sTEPS]- NS)
(TTRABPL[MONTH ] N 1) (TCORTPL([MONTH ) . 1}
NS NS
Note: Italicized variables are not parameters in the model. These variables are only intermediate variables.

[AGE] = 0-7 years; [MONTH] = 0-84; [NS] = iteration period expressed as a fraction of one day; [STEPS] = The time step (4 hours) is used in the biokinetic component of the
model in combination with compartmental transfer times to calculate the distribution of lead among bodily tissues.
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TABLE A-3. EQUATIONS OF THE BIOKINETIC MODEL COMPONENT

GROUP NUMBER | EQUATION
Compartmental B-9a NS
L-ead Masses MRBC([STEPS]— NS)+ | MPLECF[STEPS]*| ———
(Solut'lon TPLRBC?2
Algorithm) MRBC[STEPS] =

(continued) NS
1+———
TRBCPL

NS

B-9b MLIVER([STEPS |- NS) + {MPLECF([STEPS - (TPLUV(IFS'ONTH ])ﬂ
MLIVER[STEPS] = NS
{1 " TLIVALL([MONTH ]J

MKIDNEY[[STEPS] ~ NS+ {MPLECF[STEPS]*(

TPLKlD[MONTH]jD

MKIDNEY[STEPS] =

NS
1+
[ TKIDPL[MONTHJ

Note: Italicized variables are not parameters in the model. These variables are only intermediate variables.

[AGE] = 0-7 years; [MONTH] = 0-84; [NS] = iteration period expressed as a fraction of one day; [STEPS] = The time step (4 hours) is used in the biokinetic component of the

model in combination with compartmental transfer times to calculate the distribution of lead among bodily tissues.
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TABLE A-3. EQUATIONS OF THE BIOKINETIC MODEL COMPONENT

GROUP NUMBER | EQUATION
Compartmental B-9d NS
Lead Masses MOTHER([STEPS |- NS)+ | MPLECF([STEPS |)*
(:I%Igrtilg:n) ( ] )+{ ( ) (TPLOTH([MONTH ])H
Algortm) MOTHER([STEPS ]) = "
1+
[ TOTHALL([MONTH ])}
B-%e NS
MTRAB([STEPS]- NS)+ {MPLECF[STEPS]*( H
TPLTRAB[MONTH ]|
MCORT[STEPS] =
1+ NS
TTRABPL[MONTH]
B-9f NS
MCORT([STEPS]- NS)+ [MPLECF[STEPS]*[ H
TPLCORT[MONTH]
MCORT[STEPS] =
NS
1+
{ TCORTPL[MONTHJ
B-99 MPLECF[STEPS]* VOLPLASM[MONTH]
MPLASM|[STEPS] =
VOLECF[MONTH |+ VOLPLASM[MONTH |
B TOTHALL[STEPS | = L
1 N 1
{TOTHPL[MONTH] TOTHOUT[MONTHJ

Note: Italicized variables are not parameters in the model. These variables are only intermediate variables.

[AGE] = 0-7 years; [MONTH] = 0-84; [NS] = iteration period expressed as a fraction of one day; [STEPS] = The time step (4 hours) is used in the biokinetic component of the
model in combination with compartmental transfer times to calculate the distribution of lead among bodily tissues.
A-22



TABLE A-3. EQUATIONS OF THE BIOKINETIC MODEL COMPONENT
GROUP NUMBER | EQUATION
C I B-9i 1
Lo et ' TLIVALL[STEPS ] =
(Solution { 1 + 1 :|
Algorithm)
(coninued) TLIVPL[MONTH |~ TLIVFEC[MONTH |
Blood Lead NOTE: Equation B-10a is computed by a cumulative loop
Concentration B-10a
sters MRBC[STEPS]+ MPLASM[STEPS]
BLOODISTEPS] =
2 VOLBLOOD([MONTH]-1)
B-10b NS = 1/iterations per day
STEPS =30/ NS = iterations per month
B-10c PBBLOODEND([MONTH]) = BLOOD[STEPS]/STEPS

Note: Italicized variables are not parameters in the model. These variables are only intermediate variables.

[AGE] = 0-7 years; [MONTH] = 0-84; [NS] = iteration period expressed as a fraction of one day; [STEPS] = The time step (4 hours) is used in the biokinetic component of the
model in combination with compartmental transfer times to calculate the distribution of lead among bodily tissues.
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APPENDIX B

DATA CROSSWALK FOR THE
IEUBK v2 MODEL



This page intentionally left blank.



The following table contains parameter names and associated values or equations for the
Integrated Exposure Uptake and Biokinetic Model for Lead in Children (IEUBK) (v2).
Parameter names are listed alphabetically, with corresponding model components (e.g.,
exposure). The parameters in italics are user inputs. These parameters are member variables
(objects) of a data window in the IEUBK v2 model.

The values in the following table are shown with three digits after the decimal point. The
IEUBK v2 model output is reported to three digits after the decimal except for the blood lead
concentration which is reported to one digit after the decimal point. In the IEUBK v2 model, the
true precision of a calculation is determined by the least precise input value. In addition, for
some input parameters, the model will warn users if an input is entered which is not biologically
plausible or relevant (e.g., 3 million parts per million [ppm] or -1 ppm).

The equation numbers in the following table correspond to equations found in App. A and C.

Table cells with dashes (“-*) denote variables whose values are determined by the user under
some scenarios (e.g., alternate dietary intake).
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Data Crosswalk for the IEUBK v2 Model

Parameter Name

Equation No.(s) or Default VValues

Component(s) V.1.1 V.2.0 V.11 V.2.0
Uptake ABSD ABSD 0.300 0.300
Uptake ABSF ABSF 0.500 0.500
Uptake ABSO ABSO 0.000 0.000
Uptake ABSS ABSS 0.300 0.300
Uptake ABSW ABSW 0.500 0.500

Exposure air_absorp[AGE] air_absorp[AGE] 32.000 32.000
Exposure air_concentration[AGE] air_concentration[AGE] 0.100 0.100
Biokinetic ALLOMET[15] ALLOMET[15] 0.333 0.333
Uptake AVD AVD 1.000 1.000
Uptake AVF AVF 1.000 1.000
Exposure AvgHouseDust AvgHouseDust 150.000* 150.000*
Exposure AvgMultiSrc AvgMultiSrc 150.000 150.000
Uptake AVINTAKE[MONTH] UPPOTEN U-1g-I, U-2 U-1g-1, U-2
Uptake AVPO AVP 1.000 1.000
Uptake AVS AVS 1.000 1.000
Uptake AVW AVW 1.000 1.000
Exposure beverage[AGE] beverage[AGE] E-4d E-4d
Exposure beverageConc beverageConc 0.002109 0.002469
87.993 62.615
116.487 161.728
209.677 169.081
Exposure beverage_Consump[AGE] beverage_Consump[AGE] 194.982 188.316
177.061 202.400
183.333 233.917
188.710 243.385
Biokinetic BLOODI[STEPS] BLOODI[STEPS] B-10a,c B-10a,c
Probability
Distribution blood[t] blood[t] None None
Exposure bread[AGE] bread[AGE] E-4de E-4de
Exposure breadConc breadConc 0.008927 0.007097
4.992 31.930
15.862 91.523
13.311 113.070
Exposure bread_Consump[AGE] bread_Consump[AGE] 16.639 135.032
19.967 141.627
22.629 162.056
27.898 173.761
Exposure Can_fruit[AGE] can_fruit[AGE] E-4f E-4f
Exposure canFruitConc canFruitConc 0.023873 0.012952
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Data Crosswalk for the IEUBK v2 Model

Parameter Name

Equation No.(s) or Default VValues

Component(s) V.1.1 V.2.0 V.11 V.2.0
13.941 10.197
8.183 8.664
8.145 9.424
Exposure canFruit_Consump[AGE] canFruit_Consump[AGE] 7.691 11.383
7.236 12.466
7.460 14.379
7.906 12.186
Exposure candy[AGE] candy[AGE] E-4h E-4h
Exposure candyConc candyConc 0.011554 0.006842
9.955 6.487
11.273 11.402
32.909 16.864
Exposure Candy_Consump[AGE] Candy_Consump[AGE] 24.409 20.608
16.000 23.469
14.818 24.548
12.455 25.793
Exposure canVegConc canVegConc 0.004003 0.004923
0.668 4.182
2.274 4.595
2.563 5.544
Exposure canVeg_Consump[AGE] canVeg_Consump[AGE] 2.662 7.037
2.771 6.479
2.626 8.115
2.356 7.355
Biokinetic CONRBC CONRBC 1200.000 1200.000
Exposure constant_dust_conc[AGE] constant_dust_conc[AGE] 200.000 200.000
Exposure constant_indoor_dust constant_indoor_dust 200.000 200.000
Exposure constant_outdoor_dust constant_outdoor_dust 200.000 200.000
Exposure constant_outdoor_soil constant_outdoor_soil 200.000 200.000
Exposure constant_soil_conc[AGE] constant_soil_conc[AGE] 200.000 200.000
Exposure constant_water_conc constant_water_conc 4.000 4.000
Exposure contrib_percent contrib_percent 0.700 0.700
Biokinetic CRBONEBL[MONTH] CRBONEBL[MONTH] B-1h, B-4c B-1h, B-4c
Biokinetic CRKIDBL[MONTH] CRKIDBL[MONTH] B-2h, B-4a B-2h, B-4a
Biokinetic CRLIVBL[MONTH] CRLIVBL[MONTH] B-2e,f, B-4b B-2e,f, B-4b
Biokinetic CROTHBL[MONTH] CROTHBL[MONTH] B-2n,0, B-4d B-2n,0, B-4d
Exposure Cutoff Cutoff 5 5
Exposure dairy[AGE] dairy[AGE] E-4i E-4i
Exposure dairyConc dairyConc 0.004476 0.003676
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Data Crosswalk for the IEUBK v2 Model

Parameter Name

Equation No.(s) or Default VValues

Component(s) V.1.1 V.2.0 V.11 V.2.0
41.784 171.439
35.321 501.277
38.527 423.748
Exposure dairy_Consump[AGE] dairy_Consump[AGE] 38.327 413.091
38.176 396.910
40.631 428.881
45,591 393.992
Exposure DAYCARE[AGE] DAYCARE[AGE] E-9c, E-12c E-9c, E-12c
Exposure DaycareConc DaycareConc 200.000 200.000
Exposure DaycareFraction DaycareFraction 0.000 0.000
3.160 2.660
2.600 5.030
2.870 5.210
Exposure diet_intake[AGE] diet_intake[AGE] 2.740 5.380
2.610 5.640
2.740 6.040
2.990 5.950
Exposure DietTotal[AGE] DietTotal[AGE] E-4b E-4b
Biokinetic DOTHER][0] DOTHER][0] None None
Exposure dust_indoor[AGE] dust_indoor[AGE] 200.000 200.000
E-9b, E-10, E-9b, E-10,
Exposure DustTotal[AGE] DustTotal[AGE] E-12a-e E-12a-e
Biokinetic EXPR[O0] EXPR[0] None None
Exposure f_fruit[AGE] f_fruit[AGE] E-4j E-4j
Exposure fFruitConc fFruitConc 0.004462 0.004325
2.495 36.134
12.540 60.370
11.196 62.998
Exposure fFruit_Consump[AGE] fFruit_Consump[AGE] 11.196 75.312
11.452 74.341
12.988 76.066
16.059 86.701
Exposure FirstDrawConc FirstDrawConc 4.000 4.000
Exposure FirstDrawFraction FirstDrawFraction 0.500 0.500
Exposure formula[AGE] formula[AGE] E-4l E-4l
Exposure formulaConc formulaConc 0.002433 0.002523
45.153 124.106
22.975 68.396
0.797 55.726
Exposure formula_Consump[AGE] formula_Consump[AGE] 0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
Exposure FountainConc FountainConc 10.000 10.000
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Data Crosswalk for the IEUBK v2 Model

Parameter Name

Equation No.(s) or Default VValues

Component(s) V.1.1 V.2.0 V.11 V.2.0
Exposure FountainFraction FountainFraction 0.150 0.150
Exposure fruitFraction fruitFraction E-5¢ E-5¢
Exposure F_veg[AGE] f_veg[AGE] E-4k E-4k
Exposure fVegConc fVegConc 0.006719 0.009326

8.773 34.011

15.945 51.480

28.156 59.473

Exposure fVeg_Consump[AGE] fVeg_Consump[AGE] 27.623 63.163

27.030 72.643

29.164 74.024

33.373 69.523

glr;?labbdl:g;] geo_mean geo_mean None None
gir:t?iabbﬂ:g] GSD GSD 1.600 1.600
Biokinetic HCTO HCTO 0.450 0.450
Exposure HomeFlushedConc HomeFlushedConc 1.000 1.000

Exposure HomeFlushedFraction HomeFlushedFraction 0.000 0.000

Exposure HouseFraction HouseFraction 1.000 1.000

Exposure, Uptake INAIR[AGE] INAIR[AGE] E-3, U-4 E-3, U-4
Exposure InBeverage[AGE] InBeverage[AGE] E-4c, E-5r E-4c, E-50
Exposure InBread[AGE] InBread[AGE] E-4c, E-5p E-4c, E-bm
Exposure InCandy[AGE] InCandy[AGE] E-4c, E-5s E-4c, E-5p
Exposure InCanFruit[AGE] InCanFruit[AGE] E-4b, E-5g E-4b, E-5d
Exposure InCanVeg[AGE] InCanVeg[AGE] E-4b, E-5e E-4b, E-5b
Exposure InDairy[AGE] InDairy[AGE] E-4c, E-bm E-4c, E-5j

Exposure, Uptake INDIET[AGE] INDIET[AGE] uElﬁg?Jz uElﬁg?Jz
Exposure IndoorConc[AGE] IndoorConc[AGE] E-1, E-2 E-1, E-2
Exposure indoorpercent indoorpercent 30.000 30.000

Exposure, Uptake INDUSTA[AGE] INDUSTA[AGE] u-f(i,?,cb-z u-f(i,?,cb-z

Exposure, Uptake INDUST[AGE] INDUST[AGE] UEl(?Ei bL'Je_Z UEl(?Ei bL'Je_Z
Exposure infant[AGE] infant[AGE] E-4m E-4m
Exposure infantConc infantConc 0.004047 0.005009
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Data Crosswalk for the IEUBK v2 Model

Parameter Name

Equation No.(s) or Default VValues

Component(s) V.1.1 V.2.0 V.11 V.2.0
131.767 20.465
66.905 21.726
1.634 29.951
Exposure infant_Consump[AGE] infant_Consump[AGE] 0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
Exposure InFish[AGE] InHomeFish[AGE] E-4b, E-5k E-4b, E-5h
L B-6a,b, B-6a,b,
Biokinetic INFLOW[STEPS] INFLOW[STEPS] B-6.54.b B-6.54.b
Exposure InFormula[AGE] InFormula[AGE] E-4c, E-5u E-4c, E-5r
Exposure InFrFruit|AGE] InFrFruitfAGE] E-4b, E-5h E-4b, E-5e
Exposure InFrVeg[AGE] InFrVeg[AGE] E-4b, E-5f E-4b, E-5¢
Exposure InGame[AGE] InGame[AGE] E-4b, E-5I E-4b, E-5i
Exposure InHomeFruit[AGE] InHomeFruit[AGE] E-4b, E-5i E-4b, E-5f
Exposure InHomeVeg[AGE] InHomeVeg[AGE] E-4b, E-5j E-4b, E-5g
Exposure Ininfant[AGE] Ininfant[AGE] E-4c, E-bv E-4c, E-5s
Exposure InJuice[AGE] InJuice[AGE] E-4c, E-bn E-4c, E-5k
Exposure InMeat[AGE] InMeat[AGE] E-4b, E-5d E-4b, E-5a
Exposure InNuts[AGE] InNuts[AGE] E-4c, E-50 E-4c, E-5i
Exposure INOTHER[AGE] INOTHER[AGE] 0.000 0.000
Exposure InOtherDiet[AGE]* InOtherDiet[AGE] E-4b,c E-4b,c
Exposure InPasta[ AGE] InPasta[AGE] E-4c, E-5q E-4c, E-bn
Exposure InSauce[AGE] InSauce[AGE] E-4c, E-5t E-4c, E-5q
E-8a,b, E-8a,b,
Exposure, Uptake INSOIL[AGE] INSOIL[AGE] U-lek U-2 U-lek U-2
E-6a,b, E-6a,b,
Exposure, Uptake INWATER[AGE] INWATER[AGE] U-1b.h, U-2 U-1b.h, U-2
Exposure juices[AGE] juices[AGE] E-4n E-4n
Exposure juiceConc juiceConc 0.004292 0.002256
2.018 53.338
11.656 105.531
15.692 106.995
Exposure juice_Consump[AGE] juice_Consump[AGE] 15.692 121.057
15.692 116.220
19.646 108.558
27.471 98.270
Biokinetic KPLECF[0] KPLECFI[O0] - -

'Does not actually appear in Windows version source code.
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Data Crosswalk for the IEUBK v2 Model

Parameter Name

Equation No.(s) or Default VValues

Component(s) V.1.1 V.2.0 V.11 V.2.0
Biokinetic MCORTI0] MCORTI0] B-7e B-7e
B-6b,i, B-6b,i,
Biokinetic MCORT[STEPS] MCORT[STEPS] B'?{S'E’Bt’_ga B'?{S'E’Bt’_ga
B-9e,f B-9e,f
Exposure meat[AGE] meat[AGE] E-40 E-40
Exposure meatConc meatConc 0.007822 0.004447
12.500 34.823
29.605 64.377
38.111 79.911
Exposure meat_Consump[AGE] meat_Consump[AGE] 40.930 87.789
43.750 98.445
47.368 98.839
54558 100.168
Exposure meatFraction meatFraction E-5a E-5a
Biokinetic MKIDNEY][0] MKIDNEY][0] B-7f B-7f
B-6h,f, B-6b,f,
Biokinetic MKIDNEY[STEPS] MKIDNEY[STEPS] B'?;?%b_ga B'?;?%b_ga
B-9c B-9c
Biokinetic MLIVER[0] MLIVERI[O0] B-7g B-7g
B-6Db,e, B-6b,e,
Biokinetic MLIVER[STEPS] MLIVER[STEPS] B'_37'g'5é’_'ga B'_37'g'5é’_'ga
B-9b B-9b
Biokinetic MOTHER[0] MOTHER[0] B-7h B-7h
B-6b,g, B-6b,g,
Biokinetic MOTHER[STEPS] MOTHER[STEPS] B'?;ﬁ'sé’_'ga B'?;ﬁ'sé’_'ga
B-9d B-9d
Biokinetic MPLASM[0] MPLASMI0] B-7d B-7d
Biokinetic MPLASM[STEPS] MPLASM[STEPS] B';d_'l'gfg' B';d_'l'gfg'
Biokinetic MPLECF[0] MPLECFI[0] B-7b.d B-7b.d
B-6a,c-i, B-6a,c-i,
Biokinetic MPLECF[STEPS] MPLECF[STEPS] B?%g'ga'éfé'a B?%g'ga'éfé'a
B-9a-g B-9a-g
Biokinetic MRBCJ0] MRBCI0] B-7¢ B-7¢
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Data Crosswalk for the IEUBK v2 Model

Parameter Name

Equation No.(s) or Default VValues

Component(s) V.1.1 V.2.0 V.11 V.2.0
B-6b,d, B-6b,d,
Biokinetic MRBC[STEPS] MRBC[STEPS] B'?;g"SBb_'ga’ B'?;g"SBb_'ga’
B-9a, B-10a B-9a, B-10a
Biokinetic MTRAB[0] MTRAB[0] B-7i B-7i
B-6b,h, B-6b,h,
Biokinetic MTRABI[STEPS] MTRAB[STEPS] B'?;?"SBb_'Qa’ B'?;?"SBb_'Qa’
B-9e B-9e
Exposure multiply_factor multiply_factor 100.000 100.000
Biokinetic NBCORT NBCORT 0.400 0.400
Biokinetic NBTRAB NBTRAB 0.200 0.200
Exposure nuts[AGE] nuts[AGE] E-4p E-4p
Exposure nutsConc nutsConc 0.005798 0.007256
0.087 6.235
0.962 4.866
0.875 5.249
Exposure nuts_Consump[AGE] nuts_Consump[AGE] 0.962 6.966
0.962 6.399
0.962 10.288
0.875 7.302
Exposure OCCUP[AGE] OCCUP[AGE] E-9c, E-12a E-9c, E-12a
Exposure OccupConc OccupConc 1200.000 1200.000
Exposure OccupFraction OccupFraction 0.000 0.000
Exposure OTHER[AGE] OTHER[AGE] E-9c, E-12e E-9c, E-12e
Exposure OtherConc OtherConc 1200.000 1200.000
Exposure OtherFraction OtherFraction 0.000 0.000
Exposure other_intake other_intake 0.000 0.000
Biokinetic OUTFLOWI[STEPS] OUTFLOW[STEPS] g_ 6?2':"(: g_ 6?2':"(:
Uptake PAFD PAFD 0.200 0.200
Uptake PAFF PAFF 0.200 0.200
Uptake PAFP PAFP 0.200 0.200
Uptake PAFS PAFS 0.200 0.200
Uptake PAFW PAFW 0.200 0.200
Exposure pasta[AGE] pasta[AGE] E-4q E-4q
Exposure pastaConc pastaConc 0.006163 0.005746
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Data Crosswalk for the IEUBK v2 Model

Parameter Name

Equation No.(s) or Default VValues

Component(s) V.1.1 V.2.0 V.11 V.2.0
10.409 39.829
18.902 56.300
26.263 68.754
Exposure pasta_Consump[AGE] pasta_Consump[AGE] 25.915 80.062
25.566 95.282
27.134 92.739
30.183 91.843
Biokinetic PBBLDO PBBLDO B-7a,b,c,e-i B-7a,b,c,e-i
Biokinetic PBBLDMAT PBBLDMAT 1.0- 0.6
Biokinetic PBBLOODE]ND[MONTH PBBLOODEND[MONTH] B-10c B-10c
Biokinetic RATBLPL RATBLPL 100.000 100.000
Biokinetic RATFECUR RATFECUR 0.750 0.750
Biokinetic RATOUTFEC RATOUTFEC 0.750 0.750
Biokinetic RCORTO RCORTO 78.900 78.900
Biokinetic RECSUMISTEPS] RECSUM]I0] None None
0.100 0.100
20.000 20.000
10.000 10.000
10.000 10.000
10.000 10.000
1.000 1.000
100.000 100.000
Biokinetic ResCoef[15] ResCoef[15] 0.750 0.750
0.750 0.750
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
Biokinetic RKIDNEYO RKIDNEYO 10.600 10.600
Biokinetic RLIVERO RLIVERO 13.000 13.000
Biokinetic ROTHERO ROTHERO 16.000 16.000
Biokinetic RTRABO RTRABO 51.200 51.200
Uptake SATINTAKE2 SATINTAKE2 100.000 100.000
Uptake SATUPTAKE[MONTH] SATUPTAKE[MONTH] U-1g-I, U-3 U-1g-I, U-3
Exposure sauce[AGE] sauce[AGE] E-4r E-4r
Exposure sauceConc sauceConc 0.010215 0.012815
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Data Crosswalk for the IEUBK v2 Model

Parameter Name

Equation No.(s) or Default VValues

Component(s) V.1.1 V.2.0 V.11 V.2.0
1.647 0.828
4.784 1.582
5.569 1.779
Exposure Sauce_Consump[AGE] Sauce_Consump[AGE] 6.902 2.088
8.157 2.615
8.235 2.145
8.235 2.262
Exposure SCHOOL[AGE] SCHOOL[AGE] E-9c, E-12d E-9c, E-12d
Exposure SchoolConc SchoolConc 200.000 200.000
Exposure SchoolFraction SchoolFraction 0.000 0.000
Exposure SECHOMEJ[AGE] SECHOME[AGE] E-9c, E-12d E-9c, E-12d
Exposure SecHomeConc SecHomeConc 200.000 200.000
Exposure SecHomeFraction SecHomeFraction 0.000 0.000
Exposure soil_content[AGE] soil_content[AGE] 200.000 200.000
- - E-9b,d, E-9b,d,
Exposure soil_indoor[AGE] soil_indoor[AGE] E-11a-d E-11a-d
0.085
0.135
0.135 0.086 0.094 0.067
Exposure soil_ingested[AGE] soil_ingested[AGE] 0.135 0.063 0.067 0.052
0.100 0.055
0.090
0.085
Biokinetic STEPS STEPS B-10b B-10b
Biokinetic SUML1[STEPS] SUML1[STEPS] B-8a,b B-8a,b
Biokinetic SUM2[STEPS] SUM2[STEPS] B-8a,c B-8a,c
Biokinetic SUMB3[STEPS] SUMB3[STEPS] B-8a,d B-8a,d
Biokinetic TBLBONE TBLBONE[MONTH] B-1e,h, B-2i k B-1e,h, B-2i k
Biokinetic TBLFEC TBLFEC[MONTH] B-1f,g, B-2e,f B-1f,g, B-2e,f
Biokinetic TBLKID TBLKID[MONTH] B-1d,g B-2g,h B-1d,g B-2g,h
Biokinetic TBLLIV TBLLIV[MONTH] B-1b, B-2d,e B-1b, B-2d,e
Biokinetic TBLOTH TBLOTH[MONTH] B-1c, B-2m,n B-1c, B-2m,n
Biokinetic TBLOUT TBLOUT[MONTH] B-1g, B-2n,0 B-1g, B-2n,0
Biokinetic TBLUR TBLUR[MONTH] B-1a,f, B-2¢c B-1a,f, B-2¢c
Biokinetic TBONEBL TBONEBL[MONTH] B-1h, B-2j,l B-1h, B-2j,l
B-2I, B-6b,i, B-2I, B-6b,i,
Biokinetic TCORTPL[MONTH] TCORTPL[MONTH] B-6.5b,i, B-6.5b,i,
B-8c,d, B-9f B-8c,d, B-9f
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Data Crosswalk for the IEUBK v2 Model

Parameter Name

Equation No.(s) or Default VValues

Component(s) V.1.1 V.2.0 V.11 V.2.0
1.000 1.000
2.000 2.000
3.000 3.000
Exposure time_out[AGE] time_out[AGE] 4.000 4.000
4.000 4.000
4.000 4.000
4.000 4.000
Biokinetic TimeSteps TimeSteps 1/6 1/6
B-2h, B-6b,f, B-2h, B-6b,f,
Biokinetic TKIDPL[MONTH] TKIDPL[MONTH] B-6.5b,f, B-6.5b,f,
B-8c,d, B-9c B-8c,d, B-9c
Biokinetic TLIVALL TLIVALL B-8c,d, B-9b,i B-8c,d, B-9b,i
. B-2e,f, B-4i, B-6e, B-2e,f, B-4i,
Biokinetic TLIVFEC[MONTH] TLIVFEC[MONTH] B-6.56 B-6e. B-6.5¢
B-2e, B-6b,e, B-2e, B-6b,e,
Biokinetic TLIVPL[MONTH] TLIVPL[MONTH] B-6.5b,e, B-6.5b,e,
B-8c,d, B-9i B-8c,d, B-9i
Internal verification | Internal verification
Exposure TotAltSource TotAltSource of E-9.5 of E-9.5
L B-8c,d, B-8¢,d,
Biokinetic TOTHALL TOTHALL[MONTH] B-9d.h B-9d.h
L B-20, B-6g, B-20, B-6g,
Biokinetic TOTHOUT[MONTH] TOTHOUT[MONTH] B-6.59, B-9h B-6.59, B-9h
B-2n, B-6b,g, B-2n, B-6b,g,
Biokinetic TOTHPL[MONTH] TOTHPL[MONTH] B-6.5b,g, B-6.5b,g,
B-8c,d, B-9h B-8c,d, B-9h
B-2k, B-6¢,i, B-2k, B-6¢,i,
Biokinetic TPLCORT[MONTH] TPLCORT[MONTH] B-6.5c¢,i, B-6.5c¢,i,
B-8b,c, B-9e,f B-8b,c, B-9e,f
B-2g, B-6¢,f, B-2g, B-6¢,f,
Biokinetic TPLKID[MONTH] TPLKID[MONTH] B-6.5c¢,f, B-6.5c¢,f,
B-8b,c, B-9c B-8b,c, B-9c
B-2d, B-6¢,e, B-2d, B-6¢,e,
Biokinetic TPLLIV[MONTH] TPLLIV[MONTH] B-6.5c,e, B-8b,c, B-6.5c,e, B-8b,c,
B-9b B-9b
B-2m, B-6¢,g, B-2m, B-6¢,g,
Biokinetic TPLOTH[MONTH] TPLOTH[MONTH] B-6.5c,9, B-6.5¢,9,
B-8b,c, B-9d B-8b,c, B-9d
. B-2a,b, B-2.5, B-2a,b, B-2.5,
Biokinetic TPLRBC TPLRBC B-7h.c B-7h.c
B-2.5, B-5, B-2.5, B-5,
. B-6¢,d, B-6¢,d,
Biokinetic TPLRBC2 TPLRBC2[STEPS] B-6.5¢.d, B-6.5¢.d,
B-8b,c, B-9a B-8b,c, B-9a




Data Crosswalk for the IEUBK v2 Model

Parameter Name

Equation No.(s) or Default VValues

Component(s) V.1.1 V.2.0 V.11 V.2.0
B-2i, B-6¢,h, B-2i, B-6¢,h,
Biokinetic TPLTRAB[MONTH] TPLTRAB[MONTH] B-6.5¢,h, B-6.5¢,h,
B-8b,c, B-9¢e B-8b,c, B-9¢e
L B-2c, B-6¢, B-2c, B-6c,
Biokinetic TPLUR[MONTH] TPLUR[MONTH] B-6.5¢, B-8b B-6.5¢, B-8b
B-2b, B-6b,d, B-2b, B-6b,d,
S B-6.5b,d, B-6.5b,d,
Biokinetic TRBCPL TRBCPL B-7b.c B-7b.c
B-8c,d, B-9a B-8c,d, B-9a
B-2j, B-6b,h, B-2j, B-6b,h,
Biokinetic TTRABPL[MONTH] TTRABPL[MONTH] B-6.5b,h, B-6.5b,h,
B-8c,d, B-9e B-8c,d, B-9e
Exposure TWA[AGE] TWA[AGE] E-2, E-3 E-2, E-3
Uptake UPAIR[MONTH] UPAIR[MONTH] U-4, U-5 U-4, U-5
Uptake UPDIET[MONTH] UPDIET[MONTH] U-la,g U-5 U-la,g U-5
Uptake UPDUSTA[MONTH] UPDUSTA[MONTH] U-1d,j, U-5 U-1d,j, U-5
Uptake UPDUST[MONTH] UPDUST[MONTH] U-1c,i U-5 U-1c,i U-5
Uptake UPOTHER[MONTH] UPOTHER[MONTH] U-1f, U-5 U-1f, U-5
Uptake UPSOIL[MONTH] UPSOIL[MONTH] U-lek, U-5 U-lek, U-5
S U-5, B-6a, U-5, B-6a,
Biokinetic UPTAKE[MONTH] UPTAKE[MONTH] B-6.5a B-8a B-6.5a B-8a
Uptake UPWATER[MONTH] UPWATER[MONTH] U-1b,h, U-5 U-1b,h, U-5
Exposure UserFishConc UserFishConc — 0.000
Exposure userFishFraction userFishFraction — 0.000
Exposure UserFruitConc UserFruitConc — 0.000
Exposure userFruitFraction userFruitFraction — 0.000
Exposure UserGameConc UserGameConc — 0.000
Exposure userGameFraction userGameFraction — 0.000
Exposure UserVegConc UserVegConc — 0.000
Exposure userVegFraction userVegFraction — 0.000
Exposure vary_indoor vary_indoor — —
Exposure vary_outdoor vary_outdoor — —
Exposure vegFraction vegFraction E-5b E-5b
2.000
3.000
5.000
Exposure vent_rate[AGE] vent_rate[AGE] 5.000 E-1a, E-3
5.000
7.000
7.000
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Data Crosswalk for the IEUBK v2 Model

Parameter Name

Equation No.(s) or Default VValues

Component(s) V.1.1 V.2.0 V.11 V.2.0
B-1h, B-1h,
Biokinetic VOLBLOOD[MONTH] VOLBLOOD[MONTH] %ézfdhe”rﬁ %ézfdhe”rﬁ
B-10a B-10a
Biokinetic VOLECF[MONTH] VOLECF[MONTH] B-5d, B-9g B-5d, B-9g
Biokinetic VOLPLASMI0] VOLPLASMI0] B-7b,c B-7b,c
Biokinetic VOLPLASM[MONTH] VOLPLASM[MONTH] B-5¢, B-7h,c, B-9g | B-5¢, B-7b,c, B-9g
Biokinetic VOL VOLRBC(0) B-7b,c B-7b,c
Biokinetic VOLRBC[MONTH] VOLRBC[MONTH] B-2.5, B-5b B-2.5, B-5b
0.200 0.400
0.500 0.430
0.520 0.510
Exposure water_consumption[AGE] water_consumption[AGE] 0.530 0.540
0.550 0.570
0.580 0.600
0.590 0.630
Exposure weight_soil weight_soil 45.000 45.000
Biokinetic WTBLOOD[MONTH] WTBLOOD[MONTH] B-5l,m B-5l,m
Uptake, Biokinetic | WTBODY[MONTH] WTBODY[MONTH] U'g'_sB]{ glfl'e' U'g'_sB]{ glfl'e'
Biokinetic WTBONE[MONTH] WTBONE[MONTH] B-5g,h,i B-5g,h,i
Biokinetic WTCORT[0] WTCORT[0] B-7e B-7e
Biokinetic WTCORT[MONTH] WTCORT[MONTH] B-1h, B-5h,I, B-7e B-1h, B-5h,l, B-7e
Biokinetic WTECF[MONTH] WTECF[MONTH] B-5e,l B-5e,l
Biokinetic WTKIDNEY[0] WTKIDNEY[0] B-7f B-7f
Biokinetic WTKIDNEY[MONTH] WTKIDNEY[MONTH] B-2h, B-5j I, B-7f B-2h, B-5j I, B-7f
Biokinetic WTLIVER[0] WTLIVER[0] B-7g B-7g
Biokinetic WTLIVER[MONTH] WTLIVER[MONTH] B-2e,f, B-5k,l, B-7g | B-2e,f, B-5k,l, B-7g
Biokinetic WTOTHER[0] WTOTHER[0] B-7h B-7h
Biokinetic WTOTHER[MONTH] WTOTHER[MONTH] B-2n,0, B-5I, B-7h B-2n,0, B-5I, B-7h
Biokinetic WTTRABI0] WTTRABI0] B-7i B-7i
Biokinetic WTTRAB[MONTH] WTTRAB[MONTH] B-1h, B-5i,l, B-7i B-1h, B-5i,l, B-7i
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DESCRIPTION OF PARAMETERS IN THE IEUBK v2 MODEL

Note: | = internal model parameter; E = external, user-specified parameter

workplace).

Default
Value or Age
Equation Range Equation
Parameter Name Description Number Units (mos) lorE Basis for Values/Equations Where Used
- - U-1c,d,ij,
ABSD Total absorption for dust at low saturation | 4, unitless | 0-84 E | BasedonU.S. EPA (1989). !
(maximum absorption coefficient, active) u-2
i i U-la,9,
ABSF Total absorption for food at low saturation | £, unitless 0-84 E | Basedon U.S. EPA (1989%). g
(maximum absorption coefficient, active) u-2
Fraction absorption from other sources Based on the default condition that there is no source U-1f
ABSO ingested at low saturation (maximum 0.000 unitless 0-84 E : : - "
- L : of lead paint for ingestion in the household. u-2
absorption coefficient, active)
Fraction absorption from soil at low U-le.k
ABSS saturation (maximum absorption 0.300 unitless 0-84 E Based on U.S. EPA (1989a). o
coefficient, active) u-2
Total absorption for water at low U-1b.h
ABSW saturation (maximum absorption 0.500 unitless 0-84 E Based on U.S. EPA (1989a). o
coefficient, active) u-2
Deposition efficiencies of airborne lead particles were
estimated by U.S. EPA (1989a). A respiratory
Net percentage of luna absorotion of air deposition/absorption rate of 25% to 45% is reported
air_absorp[AGE] Ieadp g Y P 32.000 % 0-84 E for young children living in non-point source areas u-4
while a rate of 42% is calculated for those living near
point sources. An intermediate value of 32% was
chosen.
Based on the lower end of the range 0.1-0.3 pg Pb/m® E-1,
: : : : 3 ~ that is reported for outdoor air lead concentration in :
air_concentration[AGE] Outdoor air lead concentration 0.100 pg/m 0-84 E U.S. cities without lead point sources (U.S. EPA, E-2,
1989a). E-11a,b
Stores variable and constant values. The exponent,
ALLOMET[15] Storage array 0.333 unitless 0-84 | 0.333, in Equations B-1a through B-1e is stored in this B-la-B-le
array.
AVD Fraction available for dust 1.000 unitless 0-84 | Varlabl_e added forllater erX|b|I|t¥ in describing t'he U-1c,d,i,j
absorption process; has no effect in current algorithm.
AVF Fraction available for food/diet 1.000 unitless 0-84 | Varlabl_e added forllater erX|b|I|t)_/ in describing t'he U-la,9
absorption process; has no effect in current algorithm.
Value calculated/assigned based on alternate dust lead
AvgHouseDust Average household dust concentration 150.000 ng/g 0-84 | sources (e.g., day care, second home, school, and —




Default

concentration for monthly period.

Value or Age
Equation Range Equation
Parameter Name Description Number Units (mos) lorE Basis for Values/Equations Where Used
Based on the contribution of lead from soil, air and
AvgMultiSrc Multiple Source Analysis average 150.000 ug/g 0-84 | alternate indoor sources (such as day care, second —
home, , school, and workplace).
. . . . U-1g,h,ijk,l,
AVINTAKE[MONTH] Auvailable intake U-2 pg/day 0-84 | The amount of lead that is available for intake. U-2
AVO Fraction available for other sources 1.000 unitless 0-84 | Varlabl_e added forllater erX|b|I|t)_/ in describing t'he U-1f|
absorption process; has no effect in current algorithm.
AVS Fraction available for soil 1.000 unitless 0-84 | Vanabl_e added for.later erX|b|I|t)_/ in describing t_he U-lek
absorption process; has no effect in current algorithm.
. . . Variable added for later flexibility in describing the
AVW Fraction available for water 1.000 unitless 0-84 | absorption process; has no effect in current algorithm. U-1b,h
0-11
12-23 U.S. Food and Drug Administration (FDA). 2006.
Total Diet Study. U. S. Food and Drug Administration
24-35 Center for Food Safety and Applied Nutrition Office
beverage[AGE] Lead intake from beverages by age E-4d ug/day 36-47 I of Plant and Dairy Foods and Beverages (May 16, E-50
48-59 2006). Available online:
http://www.cfsan.fda.gov/~comm/tds-toc.html
60-71
72-84
- U.S. Food and Drug Administration (FDA). 2006.
beverageConc Lead concentration in beverages 0.002109 ne/kg 0-84 E Total Diet Study. E-4d
87.993 0-11
116.487 12-23
209.677 24-35
beverage_Consump[AGE] Daily consumption of beverages 194.982 grams/day 36-47 E Quantity consumed based on Pennington (1983). E-4d
177.061 48-59
183.333 60-71
188.710 72-84
BLOOD[STEPS] Blood lead concentration B-10a.c ug/dL 0-84 I Summation variable used to get the average blood lead B-10a,c

Note: | = internal model parameter; E = external, user-specified parameter




Default

Note: | = internal model parameter; E = external, user-specified parameter

Value or Age
Equation Range Equation
Parameter Name Description Number Units (mos) lorE Basis for Values/Equations Where Used
0-11
12-23 U.S. Food and Drug Administration (FDA). 2006.
24-35 Total Diet Study. U. S. Food and Drug Administration
bread[AGE] Lead intake from breads by age E-4e ng/day 36-47 | gfeg};tﬂ;:]goggi rSya'f:(i)t())/ di”gﬂ'g%;\'/i%’;gg;m:y??Ce E-5m
48-59 2006). Available online:
60-71 http://www.cfsan.fda.gov/~comm/tds-toc.html
72-84
breadConc Lead concentration in bread 0.008927 ng/kg 0-84 E ?I'Lc;lt; E?e?dsiggy?rug Administration (FDA). 2006. E-4e
4.992 0-11
15.862 12-23
13.311 24-35
bread_Consump[AGE] Daily consumption of bread 16.639 grams/day 36-47 E Quantity consumed based on Pennington (1983). E-4e
19.967 48-59
22.629 60-71
27.898 72-84
0-11
12-23 U.S. Food and Drug Administration (FDA). 2006.
. . . 24-35 Total Diet Study. U. S. Food and Drug Administration
can TUIEAGE] sconmadonly mcamed orm. atage. | E4r | ugdsy | o7 | 1 | CemerforFood Sfetyand Appied uriton Offc e 50
range 48-59 20012006). Available online:
60-71 http://www.cfsan.fda.gov/~comm/tds-toc.html
72-84
canFruitConc Lead concentration in canned fruit 0.023873 ng/kg 0-84 E 'LrjbfélFDo?e(i aSTS dl;/).rug Administration (FDA). 2006. E-4f
13.941 0-11
8.183 12-23
8.145 24-35
canFruit_Consump[AGE] Daily consumption of canned fruit 7.691 grams/day 36-47 E Quantity consumed based on Pennington (1983). E-4f
7.236 48-59
7.460 60-71
7.906 72-84




Default

Note: | = internal model parameter; E = external, user-specified parameter

Value or Age
Equation Range Equation
Parameter Name Description Number Units (mos) lorE Basis for Values/Equations Where Used
0-11
12-23 U.S. Food and Drug Administration (FDA). 2006.
vt Lo fon et s i | | sy | o |0 | Coeror oo Sy s A tonOfies |,
e o n Beerass ey 10
60-71 http://www.cfsan.fda.gov/~comm/tds-toc.html
72-84
0-11
12-23 U.S. Food and Drug Administration (FDA). 2006.
24-35 Total Diet Study. U. S. Food and Drug Administration
candy[AGE] Lead intake from candies by age E-4h pg/day 36-47 | gfegtlggtﬂ;;goggi rsya];%tg dzngnﬁg\l/zdra,;ggg\ljl):y??Ce E-5p
48-59 2006). Available online:
60-71 http://www.cfsan.fda.gov/~comm/tds-toc.html
72-84
candyConc Lead concentration in candy 0.011554 ng/kg 0-84 E 'LrjbféIFDo?e(i aSTSdE/).rug Administration (FDA). 2006. E-4h
9.955 0-11
11.273 12-23
32.909 24-35
candy_Consump[AGE] Daily consumption of candy 24.409 grams/day 36-47 E Quantity consumed based on Pennington (1983). E-4h
16.000 48-59
14.818 60-71
12.455 72-84
canVegConc Lead concentration in canned vegetables 0.004003 ng/kg 0-84 E 'LrjbfélFDo?e(i g?g dl;/).rug Administration (FDA). 2006. E-4g
0.668 0-11
2.274 12-23
2.563 24-35
canVeg_Consump[AGE] Daily consumption of canned vegetables 2.662 grams/day 36-47 E Quantity consumed based on Pennington (1983). E-4g
2771 48-59
2.626 60-71
2.356 72-84




Default

age range

Concentrations in each of the following eight age
groups were considered: stillbirths, 0-12 days,

1-11 mos, 1-5 yrs, 6-9 yrs, 11-16 yrs, adult (men),
and adult (women). Ages 0 and 40 yrs were assumed
for stillbirths and adults, respectively.

Value or Age
Equation Range Equation
Parameter Name Description Number Units (mos) lorE Basis for Values/Equations Where Used
Based on Marcus’ (1983) reanalysis of infant baboon
data from Mallon (1983). See Marcus (1985a) for
Maximum lead concentration capacity of assessment of form of relationship and estimates from
CONRBC red blood cells P 1200.000 ng/dL 0-84 | data on human adults [data from deSilva, 1981a,b; B-2.5
Manton and Malloy, 1983; and Manton and Cook
1984]; and infant and juvenile baboons (Mallon,
1983).
i i iteri E-9a,
constant_dust_conc[AGE] Dust lead concentration at age range 200.000 ng/g 0-84 E ﬁ;;(iQ)ual ity Criteria Document for Lead (U.S. EPA, E-11d
. Constant indoor dust lead concentration at i Air Quality Criteria Document for Lead (U.S. EPA, )
constant_indoor_dust age range 200.000 ne/g 0-84 E 1986).
constant outdoor dust Constant outdoor dust lead concentration 200.000 ug/e 0-84 E Air Quality Criteria Document for Lead (U.S. EPA, )
- - at age range 1986).
constant outdoor soil Constant outdoor soil lead concentration at 200.000 uele 0-84 E Air Quality Criteria Document for Lead (U.S. EPA, )
- = age range 1986)
constant_soil_conc[AGE] Soil lead concentration at age range 200.000 ng/g 0-84 E fggé@)ual ity Criteria Document for Lead (U.S. EPA, E-8a
Based on an analysis of water consumption data by
Kahn and Stralka (EPA, 2018c) and water lead
constant_water_conc Water lead concentration at age range 0.9 ng/L 0-84 E concentration data that was developed for the U.S. E-6a
EPA’s Second Six-Year Review of National Primary
Drinking Water Regulations (EPA, 2018d).
/ Analysis of soil and dust data from 1983 East Helena
S . ne/e study (U.S. EPA, 1989a). Additional information on
contrib_percent SROa}tll?eg:j ?:ﬁ;;?;ﬁ;iad concentration to 0.700 per 0-84 E this variable can be obtained from the MSD short sheet E-11a,b
ng/e (EPA 540-F-008, OSWER 9285.7-34 [June 1998])
available on the TRW website.
Data in Barry (1981) were used. Bone lead
concentration was calculated as an arithmetic average
of the concentrations in the rib, tibia, and calvaria.
The blood lead concentrations were taken directly
Ratio of lead concentration (pug/kg) in from the study. B-1h
CRBONEBL[MONTH] bone to blood lead concentration (ug/L) at B-4c L/kg 0-84 | B 4c'

Note: | = internal model parameter; E = external, user-specified parameter




Parameter Name

Description

Default

Value or
Equation
Number

Units

Age
Range
(mos)

lorE

Basis for Values/Equations

Equation
Where Used

CRKIDBL[MONTH]

Ratio of lead concentration (pug/kg) in
kidney to blood lead concentration (ugL)
at age range

B-4a

L/kg

0-84

Data in Barry (1981) were used. Lead concentrations
in kidney (combined values for cortex and medulla)
and blood were taken directly from the study.

Concentrations in each of the following eight age
groups were considered: stillbirths, 0-12 days,

1-11 mos, 1-5 yrs, 6-9 yrs, 11-16 yrs, adult (men),
and adult (women). Ages 0 and 40 yrs were assumed
for stillbirths and adults, respectively.

B-2h,
B-4a

CRLIVBL[MONTH]

Ratio of lead concentration (ug/kg) in liver
to blood lead concentration (pg/L) at age
range

B-4b

L/kg

0-84

Data in Barry (1981) were used. Lead concentrations
in liver and blood were taken directly from the study.

Concentrations in each of the following eight age
groups were considered: stillbirths, 0-12 days,

1-11 mos, 1-5 yrs, 6-9 yrs, 11-16 yrs, adult (men),
and adult (women). Ages 0 and 40 yrs were assumed
for stillbirths and adults, respectively.

B-2¢,f,
B-4b

CROTHBL[MONTH]

Ratio of lead concentration (ug/kg) in
other soft tissue to blood lead
concentration (ug/L) at age range

B-4d

L/kg

0-84

Data in Barry (1981) were used. Lead concentration
ratio for soft tissues was calculated as a weighted
arithmetic average of concentration ratios for muscle
(53.8%), fat (24.0%), skin (9.4%), dense connective
tissue (4.4%), brain (2.7%), Gl tract (2.3%), lung
(1.9%), heart (0.7%), spleen (0.3%), pancreas (0.2%),
and aorta (0.2%), where the weights applied are given
in parentheses. The weight associated with each soft
tissue component was equal to the weight of the
component (kg) divided by weight of all soft tissues
(kg). These weights were estimated from Schroeder
and Tipton (1968) and are assumed to apply in the
range 0-84 months of age.

Concentrations in each of the following eight age
groups were considered: stillbirths, 0-12 days,

1-11 mos, 1-5 yrs, 6-9 yrs, 11-16 yrs, adult (men),
and adult (women). Ages 0 and 40 yrs were assumed
for stillbirths and adults, respectively.

B-2n,0,
B-4d

Cutoff

Blood lead level of concern

pg/dL

0-84

USEPA, 1986, 1990; CDC, 1991.

Note: | = internal model parameter; E = external, user-specified parameter




Default

at age range

Note: | = internal model parameter; E = external, user-specified parameter

indoor dust lead.

Value or Age
Equation Range Equation
Parameter Name Description Number Units (mos) lorE Basis for Values/Equations Where Used
0-11
12-23 U.S. Food and Drug Administration (FDA). 2006.
24-35 Total Diet Study. U. S. Food and Drug Administration
. . . e . Center for Food Safety and Applied Nutrition Office Ei
dairy[AGE] Lead intake from dairy products by age E-4i ng/day 36-47 | of Plant and Dairy Foods and Beverages (May 16, E-5j
48-59 2006). Available online:
60-71 http://www.cfsan.fda.gov/~comm/tds-toc.html
72-84
. S ~ U.S. Food and Drug Administration (FDA). 2006. o’
dairyConc Lead concentration in dairy products 0.004476 ng/kg 0-84 E Total Diet Study. E-4i
41.784 0-11
35.321 12-23
38.527 24-35
dairy_Consump[AGE] Daily consumption of dairy products 38.327 grams/day 36-47 E Quantity consumed based on Pennington (1983). E-4i
38.176 48-59
40.631 60-71
45,591 72-84
Simple combination of the total amount of dust E-9¢c
DAYCARE[AGE] Dust lead intake from daycare E-12¢ ng/day 0-84 | ingested daily, fraction of total dust ingested as '
daycare dust, and dust lead concentration at daycare. E-12c
Based on the assumption that default daycare dust
DaycareConc Dust lead concentration from daycare 200.000 ng/s 0-84 E concentrations are the same as default residence dust E-12c
concentrations.
i i i i i E-9.5,
DaycareFraction Fraction of total dust ingested daily from 0.000 unitless 0-84 E Based on the default assumption that the child does not
daycare dust attend daycare. E-12¢
0-11
2.66 12-23
5.03 24-35 For version 2.0, the diet intake values were updated by
_ emarifiad i : 5.21 . EPA TRW (EPA, 2018) using revised food .
diet_intake[AGE] User-specified diet lead intake by age 5 28564 pg/day 36-47 E consumption rates (CDC, 2010a.b) and food E-4a
6.04 48-59 concentration data (TDS, 2010).
505 60-71
72-84
DietTotal[AGE] Total dietary intake at age range E-4b ng/day 0-84 | Sum of all dietary sources; same as INDIET[AGE]. E-4b
User-specified indoor dust concentration Under alternate dust sources model, based on
dust_indoor[AGE] P 200.000 ne/g 0-84 E assumption that both soil and outdoor air contribute to E-11c




Default

Value or Age
Equation Range Equation
Parameter Name Description Number Units (mos) lorE Basis for Values/Equations Where Used
Dailv amount of dust ingested at age Simple combination of total amount of soil and dust E-9b,
DustTotal[AGE] ran gz Y g E-10 g/day 0-84 | ingested daily and fraction of this combined ingestion E-10,
that is dust alone. E-12a-e
The available capacity of the red blood
EXPR[0] cells to carry lead; i.e.,1 - lead B-7i unitless 0 | Calculated value. B-7i
concentration in RBC at birth
0-11
12-23 U.S. Food and Drug Administration (FDA). 2006.
24-35 Total Diet Study. U. S. Food and Drug Administration
. Lead intake from fresh fruit, if no home- . Center for Food Safety and Applied Nutrition Office
f_rUi[AGE] grown fruit is consumed, by age E-4j ug/day 36-47 : of Plant and Dairy Foods and Beverages (May 16, E-Se
48-59 2006). Available online:
60-71 http://www.cfsan.fda.gov/~comm/tds-toc.html
72-84
. - . ~ U.S. Food and Drug Administration (FDA). 2006. o’
fFruitConc Lead concentration in fresh fruits 0.004462 ng/kg 0-84 E Total Diet Study. E-4j
2.495 0-11
12.540 12-23
11.196 24-35
fFruit_Consump[AGE] Daily consumption of fresh fruit 11.196 grams/day 36-47 E Quantity consumed based on Pennington (1983). E-4j
11.452 48-59
12.988 60-71
16.059 72-84
0-11
12-23 U.S. Food and Drug Administration (FDA). 2006.
. . 24-35 Total Diet Study. U. S. Food and Drug Administration
Lead intake from fresh vegetables, if no - - -
. ' 3 . Center for Food Safety and Applied Nutrition Office .
f_veg[AGE] deme grown vegetables are consumed, by E-4k pg/day 36-47 | of Plant an d Dairy Fgo ds and Beverages (May 16, E-5¢
48-59 2006). Available online:
60-71 http://www.cfsan.fda.gov/~comm/tds-toc.html
72-84
fVegConc Lead concentration in fresh vegetables 0.006719 ng/kg 0-84 E U.S. Food and Drug Administration (FDA). 2006. E-4k

Note: | = internal model parameter; E = external, user-specified parameter

Total Diet Study.




Default
Value or Age
Equation Range Equation
Parameter Name Description Number Units (mos) lorE Basis for Values/Equations Where Used
8.773 0-11
15.945 12-23
28.156 24-35
fVeg_Consump[AGE] Daily consumption of fresh vegetables 27.623 grams/day 36-47 E Quantity consumed based on Pennington (1983). E-4k
27.030 48-59
29.164 60-71
33.373 72-84
. . . Based on analysis of data from the American Water
FirstDrawConc First draw water lead concentration 4.000 ng/L 0-84 E Works Service Co. (Marcus, 1989). E-6b
. . Conservative value corresponding to consumption E-6b
FirstDrawFraction fFirrthtc;?:v\?f total water consumed daily as 0.50000 unitless 0-84 E largely after four fours stagnation time was used (e.g., '
early morning or late afternoon). E-7
0-11
12-23 U.S. Food and Drug Administration (FDA). 2006.
24-35 Total Diet Study. U. S. Food and Drug Administration
. Center for Food Safety and Applied Nutrition Office
formula[AGE] Lead intake from baby formula by age E-4l ng/day 36-47 | of Plant and Dairy Foods and Beverages (May 16, E-5r
48-59 2006). Available online:
60-71 http://www.cfsan.fda.gov/~comm/tds-toc.html
72-84
formulaConc Lead concentration in formula 0.002433 ng/kg 0-84 E US. Fopd and Drug Administration (FDA). 2006. E-4l
Total Diet Study.
45.153 0-11
22.975 12-23
0.797 24-35
formula_Consump[AGE] Daily consumption of formula 0.000 grams/day 36-47 E Quantity consumed based on Pennington (1983). E-4l
0.000 48-59
0.000 60-71
0.000 72-84
Default assumption is that the drinking fountain has a
FountainConc Fountain water lead concentration 10.000 ng/L 0-84 E Iead—lme_d reservoir, but that consumption is not E-6b
always first draw. Therefore, a value was selected
from the range of 5-25 pg/L.
. . Fraction of total water consumed daily . A default value was based on 4-6 trips to the water E-6b,
FountainFraction from water fountains 0.150 unitless 0-84 E fountain at 40-50 mL per trip. E-7

Note: | = internal model parameter; E = external, user-specified parameter
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Default

of Plant and Dairy Foods and Beverages (May 16,
2006). Available online:
http://www.cfsan.fda.gov/~comm/tds-toc.html

Value or Age
Equation Range Equation
Parameter Name Description Number Units (mos) lorE Basis for Values/Equations Where Used
Fraction of fruit consumption that is E-59
fruitFraction derived from market basket (i.e., total fruit E-5¢ unitless 0-84 E Calculated value. '
consumption - user-grown) E-5h
geo_mean Geometric Mean - ng/dL - | Calculated value. -
GSD Geometric Standard Deviation 1.600 unitless 0-84 E U.S. EPA, 1994. -
. . Data from Silve et al. (1987); also Spector (1956) and
0, -
HCTO Hematocrit at birth 0.450 % 0 | Altman and Dittmer (1973). B-7b,d
. Based on analysis of data from the American Water
HomeFlushedConc Home flushed water lead concentration 1.000 ng/L 0-84 E Works Service Co. (Marcus, 1989). E-6b
i identi E-6b,
HomeFlushedFraction Fraction of home flushed water 0.000 unitless 0-84 E Based on the assumption that the sum of all residential
water fractions cannot exceed 1. E-7
i i i identi E-9.5,
HouseFraction Fra_ctlon_ of dust exposure that is from 1.000 unitless 0-84 E Based on_the assumption that the sum of all residential
residential dust dust fractions cannot exceed 1. E-9b
. . Product of average air lead concentration and E-3,
INAIR[AGE] Air lead intake at age range E-3 pg/day 0-84 | ventilation rate. U-a
E-4c,
InBeverage[AGE] Lead intake from beverages at age range E-50 ng/day 0-84 | Product of.tota}l beverage consumed, and the lead
concentration in beverage(s). E-50
E-4c,
InBread[AGE] Lead intake from bread at age range E-5m ng/day 0-84 | Product of'tota}l bread consumed, and the lead
concentration in bread(s). E-5m
. Product of total amount of candy consumed, and the E-4c,
InCandy[AGE] Lead intake from candy at age range E-5p pg/day 0-84 | lead concentration i the candy E-5p
Product of the fraction of non-home grown fruits E-4b
InCanFruit[AGE] Lead intake from canned fruit at age range E-5d pg/day 0-84 | consumed daily, and lead intake from canned fruits '
when fruits are consumed only in canned form. E-5d
Product of the fraction of vegetables consumed daily
i - i E-4b,
InCanVeg[AGE] Lead intake from canned vegetables at age E-5b ug/day 0-84 | as non-home grown, and lead intake from canngd
range vegetables when vegetables are consumed only in E-5b
canned form.
. Lead intake from dairy products at age . ~ Product of total amount of dairy products consumed, E-4c,
InDairy[AGE] range E-5) ug/day 0-84 : and the lead concentration in the dairy products. E-5j
U.S. Food and Drug Administration (FDA). 2006.
Total Diet Study. U. S. Food and Drug Administration
InDairy[AGE] Lead intake from dairy products by age E-5m ng Pb/day 0-84 E Center for Food Safety and Applied Nutrition Office E-4c

Note: | = internal model parameter; E = external, user-specified parameter
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Default
Value or Age
Equation Range Equation
Parameter Name Description Number Units (mos) lorE Basis for Values/Equations Where Used
Two options are provided.
E-4a . . o . E-4a,b
INDIET[AGE] Dietary lead intake at age range or pg/day 0-84 | Default option - Considers composite diet lead intake. U-la,9,
E-4b Alternate option - Combines lead intake from several U-2
individual components of diet.
. . . . . . E-1,
IndoorConc[AGE] Indoor air lead concentration at age range E-1 ug/m? 0-84 | Algebraic expression of relationship. E2
Ratio of indoor dust lead concentration to Based on homes near lead point sources. The default
indoorpercent - . 30.000 % 0-84 E value is reported in OAQPS (U.S. EPA, 1989a, pp A- E-1
corresponding outdoor concentration 1) and is estimated by Cohen and Cohen (1980).
Two options are provided.
E-9a Default option - Assumes that all dust lead exposure is E-9abe
INDUST[AGE] Household dust lead intake at age range or pg/day 0-84 | from the household. U-1c,i,
E-9b,d . . U-2
Alternate option - Considers dust lead exposure from
several alternative sources as well.
Two options are provided.
Lead intake from alternate dust sources at E-9c Default option - Assumes that lead intake from E-9c
INDUSTA[AGE] age range or ug/day 0-84 | alternate sources is zero. U-1dj,
E-9d . . . U-2
Alternate option - Combines lead intake from several
alternate sources.
0-11
12-23 U.S. Food and Drug Administration (FDA). 2006.
24-35 Total Diet Study. U. S. Food and Drug Administration
. . . ) . Center for Food Safety and Applied Nutrition Office .
infant[AGE] Lead intake from infant food by age E-4m pg/day 36-47 | of Plant and Dairy Foods and Beverages (May 16, E-5s
48-59 2006). Available online:
60-71 http://www.cfsan.fda.gov/~comm/tds-toc.html
72-84
infantConc Concentration of lead in infant food 0.004047 ng/kg 0-84 E uS. FOQd and Drug Administration (FDA). 2006. E-4m
Total Diet Study.

Note: | = internal model parameter; E = external, user-specified parameter
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Default

Note: | = internal model parameter; E = external, user-specified parameter

13

meat.

Value or Age
Equation Range Equation
Parameter Name Description Number Units (mos) lorE Basis for Values/Equations Where Used
131.767 0-11
66.905 12-23
1.634 24-35
infant_Consump[AGE] Daily consumption of infant (baby) food 0.000 grams/day 36-47 E Quantity consumed based on Pennington (1983). E-4m
0.000 48-59
0.000 60-71
0.000 72-84
Product of total meat consumed daily, fraction of meat E-4b
InFish[AGE] Lead intake from fish at age range E-5h pg/day 0-84 | consumed a locally caught fish, and lead concentration £ 5k'
in fish. a
i . B-6a,b i i B-6a,b
INFLOW[STEPS] Lead input to ECF-plasma pool from ug/day 0-84 | T.|ssue lead masses and blood lead concentration at
organs B-6.5a,b birth. B-6.5a,b
i i i i E-4c,
InFormula[AGE] Lead intake from infant formula at age E-5r ug/day 0-84 | Product of total infant formula consumed daily, and
range the lead concentration in the formula. E-5r
. Lead intake from non-home grown fresh : ~ Product of the fraction of fruits consumed daily as E-4b,
INFrEUItAGE] fruits at age range E-5e ng/day 0-84 ! non-home grown and lead intake from fresh fruits. E-5e
. I Product of the fraction of vegetables consumed daily E-4b
InFrVeg[AGE] Lead intake from non-home grown fresh E-5¢ ng/day 0-84 | as non-home grown and lead intake from fresh '
vegetables at age range E-5¢
vegetables.
Lead intake from game animal meat at age Product of total meat consumed daily, fraction of meat E-4b
InGame[AGE] range g 9 E-5i pg/day 0-84 | consumed as game animal meat, and lead N
9 concentration in game animal meat. E-5i
. . Product of total amount of fruit consumed daily, E-4b
InHomeFruit[AGE] Ir_at;ademtake from home grown fruits at age E-5f pg/day 0-84 | fraction of fruit consumed as home grown, and lead '
g concentration in home grown fruit. E-5f
. Product of total amount of vegetable consumed daily, E-4b
InHomeVeg[AGE] ;e:de'?;?]ki from home grown vegetables E-5¢9 ng/day 0-84 | fraction of vegetables consumed as home grown, and '
g g lead concentration in home grown vegetables. E-5g
. . Product of total amount of infant food consumed daily, E-4c,
InInfant[AGE] Lead intake from infant food at age range E-5s pg/day 0-84 | and the lead concentration in the infant food. Eose
iui i E-4c,
InJuice[AGE] Lead intake from juice at age range E-5k ng/day 0-84 | Product of total am'oun't qf Juice consumed daily, and
the lead concentration in juice. E-5k
Product of total amount of meat consumed daily, b
; ] i i - i E-4b,
INMeat[AGE] Lead intake from non-game and non-fish E-5a ug/day 0-84 | fraction of meat consumeq as non-game and non flsh
meat at age range meat, and lead concentration in non-game and non-fish E-5a




Default

Value or Age
Equation Range Equation
Parameter Name Description Number Units (mos) lorE Basis for Values/Equations Where Used
. Product of total amount of nuts consumed daily, and E-4c,
INNuts[AGE] Lead intake from nuts at age range E-5I ng/day 0-84 | the lead concentration in nuts. E-5)
Combined other sources of ingested lead, U-1d.£I
INOTHER[AGE] such as alternative soil or sediment, ethnic 0.000 pg/day 0-84 | Assumes no other sources of ingested lead. n
medicines, etc., at age range u-2
0-11
12-23
Combined lead intake from dairy food, 24-35 EPA. 2018h. Estimation of dietary lead exposure: b
. juice, nuts, beverage, pasta, bread, sauce, : . update to the default values for the integrated exposure E-4b,
InGtherDiet{AGE] candy, infant and formula food at age E-dc ug/day 36-47 ! uptake biokinetic model for lead in U.S. children. E-4c
range 48-59 OLEM Directive 9200.1-149. February 17
60-71
72-84
. Product of total amount of pasta consumed daily, and E-4c,
InPasta[AGE] Lead intake from pasta at age range E-5n pg/day 0-84 | the lead concentration in pasta. E-5n
i E-4c,
InSauce[AGE] Lead intake from sauces at age range E-5q pg/day 0-84 | Product of total amount of sauce consumed daily, and
the lead concentration in sauce. E-5q
Simple combination of total amount of soil and dust E-8a,b
INSOIL[AGE] Soil lead intake at age range E-8a,b pg/day 0-84 | ingested daily, fraction of this combined ingestion that U-le)k,
is soil alone, and lead concentration in soil. U-2
Two options are provided.
Default option - Simple combination of water
E-6a consumed daily and a constant water lead E-6a,b
INWATER[AGE] Water lead intake at age range or pg/day 0-84 | concentration. U-1b,h,
E-6b . . uU-2
Alternate option - Water lead concentration depends
on contribution from several individual sources of
water.
0-11
12-23 U.S. Food and Drug Administration (FDA). 2006.
24-35 Total Diet Study. U. S. Food and Drug Administration
. . L Center for Food Safety and Applied Nutrition Office
juices[AGE] Lead intake from juices by age E-4n ng/day 36-47 | of Plant and Dairy Foods and Beverages (May 16, E-5k
48-59 2006). Available online:
60-71 http://www.cfsan.fda.gov/~comm/tds-toc.html
72-84

Note: | = internal model parameter; E = external, user-specified parameter
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Default

Total Diet Study.

Value or Age
Equation Range Equation
Parameter Name Description Number Units (mos) lorE Basis for Values/Equations Where Used
- . Lo U.S. Food and Drug Administration (FDA). 2006.
juiceConc Concentration of lead in juice 0.004292 ng/kg 0-84 E Total Diet Study. E-4n
2.018 0-11
11.656 12-23
15.692 24-35
juice_Consump[AGE] Daily consumption of juice 15.692 grams/day 36-47 E Quantity consumed based on Pennington (1983). E-4n
15.692 48-59
19.646 60-71
27.471 72-84
total elimination rate from ECF-plasma .
KPLECF[0] - unitless 0-84 -
pool
0 months - Simple combination of an assumed bone to
blood lead concentration ratio, blood lead
concentration, and weight of cortical bone. Basis for
value of bone to blood lead concentration ratio was B-6b.i
human autopsy data (Barry, 1981). "
) ) B-7e 0 B-6.5b,i,
MCORTI[STEPS] Mass of lead in cortical bone at age range and ug and | 0-84 months - Application of the Backward Euler B-7e,
(solutions algorithm) . . . -
B-9f 0-84 solution algorithm to the system of differential B-8d
equations (B-6a-B-6i in Table A-3). ’
B-9e,f
Both cases above assume that the cortical bone to
blood lead concentration ratio is equal to the bone
(composite) to blood lead concentration ratio.
0-11
12-23 U.S. Food and Drug Administration (FDA). 2006.
24-35 Total Diet Study. U. S. Food and Drug Administration
Lead intake from meat if no game meat or : Center for Food Safety and Applied Nutrition Office E-4o,
meat[AGE] fish is consumed at age range E-40 ug/day 36-47 ! of Plant and Dairy Foods and Beverages (May 16, E-5a
48-59 2006). Available online:
60-71 http://www.cfsan.fda.gov/~comm/tds-toc.html
72-84
meatConc Concentration of lead in meat 0.007822 ng/kg 0-84 E U.S. Food and Drug Administration (FDA). 2006. E-40

Note: | = internal model parameter; E = external, user-specified parameter
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Default

Note: | = internal model parameter; E = external, user-specified parameter

16

0-84 months - Application of the Backward Euler
solution algorithm to the system of differential
equations (B-6a-B-6i in Table A-3).

Value or Age
Equation Range Equation
Parameter Name Description Number Units (mos) lorE Basis for Values/Equations Where Used
12.500 0-11
29.605 12-23
38.111 24-35
meat_consump[AGE] Consumption of meat at age range 40.930 g/day 36-47 | Quantity consumed based on Pennington (1983). E-5k,I
43.750 48-59
47.368 60-71
54.558 72-84
Fraction of meat consumption that is
: derived from market basket (i.e., total . :
meatFraction meat consumption - user-caught fish and E-5a unitless 0-84 E Calculated value. E-5d
game)
0 months - Simple combination of an assumed kidney
to blood lead concentration ratio, blood lead B-60.f
B.7f 0 concentration, and weight of kidney. Basis for the B6 55 f
_— i value of the kidney to blood lead concentration ratio el
Mass of lead in kidney at age range
MKIDNEY[STEPS] (solutions algorithm) and ug and | was human autopsy data (Barry, 1981). B-7f,
B-9¢ 0-84 L B-8d,
0-84 months - Application of the Backward Euler
solution algorithm to the system of differential B-9¢
equations (B-6a-B-6i in Table A-3).
0 months - Simple combination of an assumed liver to
blood lead concentration ratio, blood lead B-6b.e
concentration, and weight of the liver. Basis for the "
Mass of lead in liver at age range B-79 0 value of the liver to blood lead concentration ratio was B-6.5be,
MLIVER[STEPS] (solutions algorithm) and ue and | human autopsy data (Barry, 1981). B-7g,
B-9b 0-84 L B-8d,
0-84 months - Application of the Backward Euler
solution algorithm to the system of differential B-9b
equations (B-6a-B-6i in Table A-3).
0 months - Simple combination of an assumed soft
tissue to blood lead concentration ratio, blood lead
concentration, and weight of the soft tissues at birth. B-6b,g
Basis for the value of soft tissue to blood lead =
B-7h 0 concentration ratio was human autopsy data (Barry et B-6.5b,g,
Mass of lead in soft tissues at age range - Psy. ry
MOTHER[STEPS] - : and ug and | al., 1981), using total lead and total weight of other B-7h,
(solutions algorithm) i
B-9d 0-84 Issue. B-8d,
B-9d




Default

Note: | = internal model parameter; E = external, user-specified parameter
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[Variable can exceed 100.]

Value or Age
Equation Range Equation
Parameter Name Description Number Units (mos) lorE Basis for Values/Equations Where Used
0 months - Simple combination of the mass of lead in
B-7d 0 blood and red blood cells. B-7d,
Mass of lead in plasma pool at age range ]
MPLASMISTEPS] (solutions algorithm) and e and : 0-84 months - Based on the assumption that the lead B-9g,
B-9g 0-84 concentration in plasma-extracellular fluid (ECF) is B-10a
equal to the lead concentration in the plasma.
0 months - Based on two assumptions.
(1) masses of lead in plasma-ECF and red blood cells B-6a,c-i,
; i ot e B e
MPLECF[STEPS] (;Ialasr_w:s-ECF) at age range (solutions and ue and | concentration in the plasma. B-7b,d,
algorithm) B-8a 0-84 B-8a,
0-84 months - Application of the Backward Euler B-9ab,c,d.e.f.g
solution algorithm to the system of differential
equations (B-6a-B-6i in Table A-3).
0 months - Based on the assumption that the masses of B-6b.d,
B.7c 0 lead in plasma-ECF and red blood cells are in Kinetic B-6.5hb,d,
. - quasi-equilibrium. B-7¢
MRaC/STEPS bioobibrrurons N I R I '
9 9 B-9a 0-84 0-84 months - Application of the Backward Euler B-8d,
solution algorithm to the system of differential B-9a,
equations (B-6a -B-6i in Table A-3). B-10a
0 months - Simple combination of an assumed bone to
blood lead concentration ratio, blood lead
concentration, and weight of trabecular bone. Basis
for the value of bone to blood lead concentration ratio B-6b.h
. was human autopsy data (Barry, 1981). v
) B-7i 0 B-6.5b,h,
MTRAB[STEPS] 'r\:r?sse ?:Jf&?olgst;?bgfﬁ:%;) one at age and ue and | 0-84 months - Application of the Backward Euler B-7i,
9 g B-9e 0-84 solution algorithm to the system of differential B-8d
equations (B-6a-B-6i in Table A-3). '
B-%e
Both cases above assume that trabecular bone to blood
lead concentration ratio is equal to bone (composite) to
blood lead concentration ratio.
Analyses of the 1983 East Helena study (in U.S. EPA,
ng /g 1989a, Appendix B-8) suggest about 267 pg/g
- Ratio of in-door dust lead concentration to increment of lead in dust for each pg/m? lead in air. A
multiply_factor air lead concentration 100.000 per 0-84 E much smaller factor of 100 pg/g dust lead per pg/m? is E-11ab
pg/m? assumed for non-smelter community exposure.




Default

Note: | = internal model parameter; E = external, user-specified parameter
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Value or Age
Equation Range Equation

Parameter Name Description Number Units (mos) lorE Basis for Values/Equations Where Used

NBCORT Variable for tls_sue Iead_ masses and blood 0.400 unitless 0 | Variable constant. -

lead concentration at birth

NBTRAB Variable for t|s§ue Ieaq masses and blood 0.200 unitless 0 | Variable constant. -

lead concentration at birth
0-11
12-23 U.S. Food and Drug Administration (FDA). 2006.
24-35 Total Diet Study. U. S. Food and Drug Administration
. : . Center for Food Safety and Applied Nutrition Office :
nuts[AGE] Lead intake from nuts by age E-4p Mg/day 36-47 | of Plant and Dairy Foods and Beverages (May 16, E-5I
48-59 2006). Available online:
60-71 http://www.cfsan.fda.gov/~comm/tds-toc.html
72-84
- ~ U.S. Food and Drug Administration (FDA). 2006. ~
nutsConc Lead concentration in nuts 0.005798 ng/kg 0-84 E Total Diet Study. E-4p
0.087 0-11
0.962 12-23
0.875 24-35
nuts_Consump[AGE] Daily consumption of nuts 0.962 grams/day 36-47 E Quantity consumed based on Pennington (1983). E-4p
0.962 48-59
0.962 60-71
0.875 72-84
The value of this parameters, 4 hours, is based on a B-6.5a,d-i,
tradeoff between numerical accuracy of results and B-7b,c,
Length of time interval in solution computer run-time. Except in the case of extreme )

NS algorithm 176 days 0-84 E exposure scenarios, there is no difference in the B-8acd,
numerical accuracy at any user selectable value for B-9a-f,
timestep. B-10b
Simple combination of amount of dust ingested,

i i i E-9c,

OCCUP[AGE] Dust lead intake from secondary E-12a Mg/day 0-84 | fraction of the total dust ingested as secondary

occupation at age range occupational dust, and lead concentration in secondary E-12a
occupational dust.
Secondary occupation dust lead ~ Air Quality Criteria Document for Lead (U.S. EPA, )

OccupConc concentration 1200.000 ng/g 0-84 E 1986). E-12a

i i ition i i i E-9.5,

OccupFraction Fraction of total dqst ingested as 0.000 unitless 0-84 E Thg default condition is that there is no adult in the

secondary occupation dust residence who works at a lead-related job. E-12a
Lead intake at age range from other . . E-9c,
OTHER[AGE] sources of exposure E-12e Mg/day 0-84 | Amount of lead ingested daily. E-1%




Default

Note: | = internal model parameter; E = external, user-specified parameter
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(U.S. EPA, 1989a).

Value or Age
Equation Range Equation
Parameter Name Description Number Units (mos) lorE Basis for Values/Equations Where Used
OtherConc Lead _cqncentratlon in house dust 1200.000 uele 0-84 E Air Quality Criteria Document for Lead (U.S. EPA, E-12e
containing lead 1986).
i i i E-9.5
OtherFraction Fraction of total dust ingested that results 0.000 unitless 0-84 E Thg default |s_that_ other sources of lead are not
from other lead sources actively contributing to house dust. E-12e
other_intake Lead intake from other media 0 pg/dL 0-84 | User defined. -
Lead output from the ECF-plasma pool B-6a.c B-6a,C,
OUTFLOWISTEPS Mg/da 0-84 | Calculated value.
[ 1 from organs B-6.5a,c gitay B-6.5a,c
PAFD Based on in vitro everted rat intestine data (Aungst and
PAFF Fraction of total absorption as passive Fung, 1981), reanalyses (Marcus, 1994) of infan%
PAFP absorption for dust, diet, other, soil, and 0.200 unitless 0-84 E baboon data (Mallon, 1983), and infant duplicate diet U-la-1
PAFS water at low dose study (Sherlock and Quinn, 1986)
PAFW y ' :
0-11
12-23 U.S. Food and Drug Administration (FDA). 2006.
24-35 Total Diet Study. U. S. Food and Drug Administration
. : . Center for Food Safety and Applied Nutrition Office .
pasta[AGE] Lead intake from pasta by age E-4q Mg/day 36-47 | of Plant and Dairy Foods and Beverages (May 16, E-5n
48-59 2006). Available online:
60-71 http://www.cfsan.fda.gov/~comm/tds-toc.html
72-84
- . U.S. Food and Drug Administration (FDA). 2006. .
pastaConc Concentration of lead in pasta 0.006163 ng/kg 0-84 E Total Diet Study. E-4q
10.409 0-11
18.902 12-23
26.263 24-35
pasta_Consump[AGE] Daily consumption of lead 25.915 grams/day 36-47 E Quantity consumed based on Pennington (1983). E-4q
25.566 48-59
27.134 60-71
30.183 72-84
5 -
PBBLDO Lead concentration in blood B-7a pg/dL 0 | Based on 85% of maternal blood lead concentration B-7a,b,c, e-i




Default

Value or Age
Equation Range Equation
Parameter Name Description Number Units (mos) lorE Basis for Values/Equations Where Used
EPA.2016. OLEM policy directive: Update of the
Adult Lead Methodology’s default baseline blood lead
concentration and geometric standard deviation
Maternal blood lead concentration at parameters and the Integrated Exposure Uptake i
PBBLDMAT childbirth 06 ug/dL adult E Biokinetic Model’s Default Maternal Blood Lead B-7a
Concentration at Birth Variable. U.S. Environmental
Protection Agency. OLEM Directive 9285.6-55.
August
Simple combination of the blood lead concentrations
PBBLOODEND[MONTH] | Lead concentration in blood at age range B-10c pg/dL 0-84 | determined in each iteration in the solution algorithm B-10c
between the previous month and that month.
. . . Based on the lower end of the 50-500 range for the red B-2b-d.g.ik.m
RATBLPL Rlzt;;gfégag mass in blood to lead mass in 100.000 unitless 0-84 | cell/plasma lead concentration ratio recommended in LM,
P Diamond and O'Flaherty (1992a). B-3
. Lo Assume child ratio is larger than the adult ratio; values
RATFECUR g?;'?oojr?ggfgfena%uzll;fﬁiilalt?gg z:{liltgwmatlon 0.750 unitless 0-84 | derived from a reanalysis of data from Ziegler et al. B-1f
y (1978) and Rabinowitz and Wetherill (1973).
Ratio of elimination rate via soft tissues to Within the range of values derived from a reanalysis
RATOUTFEC endogenous fecal lead elimination rate 0.750 unitless 0-84 | of data _from Ziegler et al. (1978) and Rabinowitz and B-1g
Wetherill (1973).
RCORTO Variable for tissue Ieaq masses and blood 78.900 unitless 0 | Variable constant. -
lead concentration at birth
RECSUM[STEPS] Lead transfer time from plasma-ECF to all - days 0-84 | Calculated value -

compartments except plasma

Note: | = internal model parameter; E = external, user-specified parameter
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Note: | = internal model parameter; E = external, user-specified parameter
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Default
Value or Age
Equation Range Equation
Parameter Name Description Number Units (mos) lorE Basis for Values/Equations Where Used
0.100
20.000
10.000
10.000
10.000
1.000
100.000 B-la-g;
Stores parameter values that are used in B o
ResCoef[15] various equations in the biokinetic module 0.750 I Calculated value B-23,
0.750 B-3
0.000
0.000
0.000
0.000
0.000
0.000
Variable for tissue lead masses and blood . .
RKIDNEYO lead concentration at birth 10.600 unitless 0 | Variable constant. -
RLIVERO Variable for tissue lead masses and blood | 3 g4 unitless 0 I | variable constant. -
lead concentration at birth
ROTHERO Variable for tissue lead masses and blood | 16 g9 unitless 0 I | variable constant. -
lead concentration at birth
RTRABO Variable for t|s§ue Ieaq masses and blood 51.200 unitless 0 | Variable constant. -
lead concentration at birth
Assumed proportional to the weight of body. The |
Half saturation absorbable lead intake at i ~ coefficient of proportionality is assumed to depend on U-1g-,
SATUPTAKE[MONTH] age range U-3 Mg/day 0-84 ! the estimate of the variable for a 24 month old and the U-3
corresponding body weight.
. . Extrapolated from reanalysis of human infant data
SATUPTAKE?2 Half saturation absorbable lead intake for | 5, 55 Mg/day 0-84 E | (Sherlock and Quinn, 1986) and infant baboon data U-3
a2-year-old (Mallon, 1983)




Default

Value or Age
Equation Range Equation
Parameter Name Description Number Units (mos) lorE Basis for Values/Equations Where Used
0-11
12-23 U.S. Food and Drug Administration (FDA). 2006.
24-35 Total Diet Study. U. S. Food and Drug Administration
. : . Center for Food Safety and Applied Nutrition Office :
sauce[AGE] Lead intake from sauces by age E-4r Mg/day 36-47 | of Plant and Dairy Foods and Beverages (May 16, E-5q
48-59 2006). Available online:
60-71 http://www.cfsan.fda.gov/~comm/tds-toc.html
72-84
sauceConc Concentration of lead in tomato sauce 0.010215 ng/kg 0-84 E U.S. Fogd and Drug Administration (FDA). 2006. E-4r
Total Diet Study.
1.647 0-11
4.784 12-23
5.569 24-35
sauce_Consump[AGE] Daily consumption of tomato sauce 6.902 grams/day 36-47 E Quantity consumed based on Pennington (1983). E-4r
8.157 48-59
8.235 60-71
8.235 72-84
Simple combination of amount of dust ingested daily, E-9¢
SCHOOL[AGE] Dust lead intake from school at age range E-12b Mg/day 0-84 | the fraction of total dust ingested daily as school dust, '
and lead concentration in dust at school. E-12d
SchoolConc Dust lead concentration at school 200.000 ng/g 0-84 E By default, thls'dust'lead concentration Is S?t to the E-12b
same as the residential dust lead concentration.
. Fraction of total dust ingested daily as . Based on the default assumption that children are not E-9.5,
SchoolFraction school dust 0.000 unitless 0-84 E in school. E-12b
. Simple combination of amount of dust ingested daily, E-9c
SECHOME[AGE] llg;stelead intake at secondary home at age E-12d Mg/day 0-84 | fraction of dust ingested daily as secondary home dust, '
g and lead concentration in dust at the secondary home. E-12d
Based on the assumption that dust lead concentration
SecHomeConc Secondary home dust lead concentration 200.000 ng/s 0-84 E in a secondary home is the same as the default dust E-12d
lead concentration in the primary home.
. . . Based on the default assumption that the child does not
. Fraction of total dust ingested daily as . . L E-9.5,
SecHomeFraction secondary home dust 0.000 unitless 0-84 E E%?]:g a significant amount of time in a secondary E-12d
Upper bound value for a plausible urban background E-8b
soil_content[AGE] Outdoor soil lead concentration 200.000 ng/g 0-84 E soil lead concentration (U.S. EPA, 1989a; HUD, E 11{;

Note: | = internal model parameter; E = external, user-specified parameter
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1990).




Default

Value or Age
Equation Range Equation
Parameter Name Description Number Units (mos) lorE Basis for Values/Equations Where Used
. Under alternate dust sources model, based on
! E-9b,d,
soil_indoor[AGE] Indoor household dust lead concentration E-1la-d ug/g 0-84 E assumption that both soil and outdoor air contribute to
atage range indoor dust lead. E-lla-d
0.085 0-11
0.135 12-23 . . . . .
0.135 24-35 Estimated with structural equation modeling using E-8ab
. . . : a data for soil and dust lead concentration, site-specific “oab
soil_ingested[AGE] :03 rz:dedust (combined) consumption at 0.135 g/day 36-47 E soil and indoor dust bioavailability data, and blood E-9a,d,e,
9 9 | lead concentration data for Bunker Hill Superfund site _
0.100 48-59 . E-10
(von Lindern et al., 2016).
0.090 60-71
0.085 72-84
. Iteration interval; value is determined by the NS
STEPS Iterations per month B-10b days - | parameter B-10b
Compartmental lead masses solution For Backward Euler calculation. Intermediate
SUM1[STEPS] algorithm B-8b . 0-84 ! variables for Equations B-8b to B-8d. B-8a,
Compartmental lead masses solution For Backward Euler calculation. Intermediate
SUMZ[STEPS] algorithm B-8c . 0-84 : variables for Equations B-8b to B-8d. B-8a,c
Compartmental lead masses solution For Backward Euler calculation. Intermediate
SUMB[STEPS] algorithm B-8d . 0-84 : variables for Equations B-8b to B-8d. B-8ad
24 months - Initialization is keyed to the 24 month old
child, based in part on information from Heard and
Chamberlain (1982) for adults, and O'Flaherty (1992).
Once the concentration ratios are fixed, the exact value
of this variable, within a wide range of possible values,
TBLBONE Lead transfer time from blood to bone at B.1e days 084 | has little effect on the blood lead value. B-1e,h,
. age range -2i
TBLBONE is not an array ge rang 0-84 months - Assumed proportional body surface B-2ik
area. The coefficient of proportionality is assumed to
depend on an estimate of the variable for a 24 month
old and the corresponding body surface area. Also, it
is assumed that body surface area varies as 1/3 power
of the weight of body based on Mordenti (1986).
Simple combination of an assumed ratio of urinary
lead elimination rate to endogenous fecal lead
TBLFEC elimination rate, and lead transfer time from blood to
Lead transfer time from blood to feces at urine (See RATFECUR). B-1f,g,
B-1f days 0-84 |
age range B-2¢,f

TBLFEC is not an array

Note: | = internal model parameter; E = external, user-specified parameter
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The ratio of elimination rates was estimated for adults
using Chamberlain et al. (1978) and Chamberlain
(1985) and is assumed to apply to ages 0-84 months.




Default

Value or Age
Equation Range Equation
Parameter Name Description Number Units (mos) lorE Basis for Values/Equations Where Used
24 months - Initialization is keyed to the 24 month old
child, based in part on information from Heard and
Chamberlain (1982) for adults, and O'Flaherty (1992).
Once the concentration ratios are fixed, the exact value
10 of this variable, within a wide range of possible values,
TBLKID Lead transfer time from blood to kidney at and days o84 | has little effect on the blood lead value. B-1d,g,
. age range -
TBLKID is not an array ge rang B-1d 0-84 months - Assumed proportional body surface B-2g.0

area. The coefficient of proportionality is assumed to
depend on an estimate of the variable for a 24 month
old and the corresponding body surface area. Also, it
is assumed that body surface area varies as 1/3 power
of the weight of body based on Mordenti (1986).

24 months - Initialization is keyed to the 24 month old
child, based in part on information from Heard and
Chamberlain (1982) for adults, and O'Flaherty (1992).
Once the concentration ratios are fixed, the exact value
10 of this variable, within a wide range of possible values,
TBLLIV Lead transfer time from blood to liver at o days o | has little effect on the blood lead value. B-1b,
TBLLIV is not an array age range B-1b 0-84 months - Assumed proportional body surface B-2d,e
area. The coefficient of proportionality is assumed to
depend on an estimate of the variable for a 24 month
old and the corresponding body surface area. Also, it
is assumed that body surface area varies as 1/3 power
of the weight of body based on Mordenti (1986).

24 months - Initialization is keyed to the 24 month old
child, based in part on information from Heard and
Chamberlain (1982) for adults, and O'Flaherty (1992).
Once the concentration ratios are fixed, the exact value
10 of this variable, within a wide range of possible values,
TBLOTH I__ea d transfer time from blood to other soft o days 054 | has little effect on the blood lead value. B-1c
TBLOTH is not an array tissue at age range B-1c 0-84 months - Assumed proportional body surface B-2m,n
area. The coefficient of proportionality is assumed to
depend on an estimate of the variable for a 24 month
old and the corresponding body surface area. Also, it
is assumed that body surface area varies as 1/3 power
of the weight of body based on Mordenti (1986).

Simple combination of an assumed ratio of
elimination rate via soft tissues to endogenous fecal B-1g,
lead elimination rate, times the lead transfer time from B-2n,0
blood to feces (See RATOUTFEC).

TBLOUT Lead transfer time from blood to
elimination pool via soft tissue at age B-1g days 0-84 |
TBLOUT is not an array range

Note: | = internal model parameter; E = external, user-specified parameter
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Parameter Name

Description

Default

Value or
Equation
Number

Units

Age
Range
(mos)

lorE

Basis for Values/Equations

Equation
Where Used

TBLUR

Lead transfer time from blood to urine.

20
and
B-la

days

0-84

24 months - Assumed proportional to body surface
area. The coefficient of proportionality is assumed to
depend on an adult estimate for the variable and the
corresponding body surface area. The adult estimate
of 39 days was obtained using Araki et al. (1986a,
1986b, 1987), Assenato et al. (1986), Campbell et al.
(1981), Carton et al. (1987), Chamberlain et al. (1978),
Folashade et al. (1991), Heard and Chamberlain
(1982), He et al. (1988), Kawaii et al. (1983), Kehoe
(1961), Koster et al. (1989), Manton and Malloy
(1983), Rabinowitz and Wetherill (1973), Rabinowitz
et al. (1976), and Yokoyama et al. (1985).

0-84 months - Assumed proportional body surface
area. The coefficient of proportionality is assumed to
depend on an estimate of the variable for a 24 month
old and the corresponding body surface area.

Both cases above assume that (a) body surface area
varies as 1/3 power of weight of body based on
Mordenti (1986) and (b) respectively, 70 kg and

12.3 kg are standard adult and 24-month-old body
weights based on Spector (1956).

Since glomerular filtration rate (GFR) is proportional
to body surface area for ages >24-month based on
Weil (1955), surface area scaling is equivalent to
scaling by GFR for ages >24 months.

B-1a,f,
B-2c

TBONEBL

TBONEBL is not an array

Lead transfer time from bone to blood at
age range

B-1h

days

0-84

Based on the assumption that masses of lead in bone
and blood are in kinetic quasi-equilibrium.

B-1h,
B-2j,I

TCORTPL[MONTH]

Lead transfer time from cortical bone to
plasma-ECF at age range

Note: | = internal model parameter; E = external, user-specified parameter

B-21

days

25

0-84

Based on the assumption that the cortical and
trabecular bone pools have similar lead kinetics for
children younger than 84 months.

B-2I,
B-6b,i,
B-6.5b,i,
B-8c,d,
B-9f




Default

Value or Age
Equation Range Equation
Parameter Name Description Number Units (mos) lorE Basis for Values/Equations Where Used
1.000 0-11
2.000 12-23 .
alues are reported in the staff repo .S.
Val ted in the OAQPS staff rt (U.S
3.000 24-35 EPA, 1989, p. A-2) and the IEUBK Technical
time_out[AGE] Time spent outdoors by age 4.000 Hr/day 36-47 E Support Document (U.S. EPA, 1990a). The values E-2
4.000 48-59 have been derived from a literature review (Pope,
' 1985).
4.000 60-71 )
4.000 72-84
B-2h,
. . Based on the assumption that the lead transfer time B-6bf,
] - ays - rom kidney to blood is equal to the lead transfer time -6.5b,f,
TKIDPL[MONTH 'ééalf;&”sefer;:“;e from kidney to plasma B-2h day 0-84 I from kid blood is equal to the lead transf B-6.5.f
g Y from kidney to plasma-ECF. B-8c.d
B-9c
i i i ition ti i i B-8c.d,
TLIVALL If_;athjr,f\iAnzsfer time from liver to all tissues B-0i days 0-84 | és'e\;azge transition time from liver to all tissues from o
B-2e,f,
TLIVFEC[MONTH] Lead transfer time from liver to feces at B-2¢ davs 0-84 | Based on the assumption that the masses of lead in B-4i,
age range iver and blood are in kinetic quasi-equilibrium. B-6e
4 li d blood are in kineti i-equilibri !
B-6.5e
B-2e,
. . Based on the assumption that the lead transfer time B-6be,
TLIVPL[MONTH] Iégaéi ;a;nsger;:n;e from liver to plasma- B-2f days 0-84 | from liver to blood is equal to the lead transfer time B-6.5b,e,
9 9 from liver to plasma-ECF. B-8cd
B-9i
i B8c,d
TotAltSource giiégﬂal percent due to all secondary None % - | Total fractional percent due to all secondary sources. B-odh
Lead transfer time from other soft tissues Average transition time from other soft tissues to all B-8c.d,
TOTHALL to all tissues for SUM2 B-oh days 0-84 ! tissues from SUM2. B-9d,h
B-20,
B-6g,
TOTHOUT[MONTH] Lead transfer time from soft tissues to B-20 davs 0-84 | Based on the assumption that the masses of lead in soft B-65
elimination pool at age range 4 tissues and blood are in kinetic quasi-equilibrium. ' g
B-8c,d,
B-%h

Note: | = internal model parameter; E = external, user-specified parameter
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Default

Note: | = internal model parameter; E = external, user-specified parameter

27

lead binding components.

Value or Age
Equation Range Equation
Parameter Name Description Number Units (mos) lorE Basis for Values/Equations Where Used
B-2n,
. . Based on the assumption that the lead transfer time B-6b,g,
TOTHPL[MONTH] Lead transfer time from soft tissues to B-2n days 0-84 | from soft tissues to blood is equal to the lead transfer B-6.5b,g,
plasma-ECF at age range . :
time from soft tissues to plasma-ECF. B-8c.d
B-%h
Based on the following assumptions:
The rate at which lead leaves the plasma-ECF to reach B-2k
the bone is proportional to the rate at which lead leaves !
Lead transfer time from plasma-ECF to the blood to reach the same pool. B-6c,
TPLCORT[MONTH] cortical bone at age ran Fe) B-2k days 0-84 | B-6.5c¢,i,
9 9 The cortical and trabecular bone pools have similar B-8bc
lead kinetics for children younger than 84 months. B9 'f'
-9e,
The cortical bone is 80% of the weight of bone based
on Leggett et al. (1982).
B-2g,
Based on the assumption that the rate at which lead B-6¢,f,
Lead transfer time from plasma-ECF to leaves the plasma-ECF to reach the kidney is
TPLKID[MONTH] kidney at age range B-29 days 0-84 : proportional to the rate at which lead leaves the blood B-6.5¢f,
to reach the same pool. B-8b,c,
B-9c
B-2d,
Based on the assumption that the rate at which lead B-6¢,e,
Lead transfer time from plasma-ECF to leaves the plasma-ECF to reach the liver is
TPLLIV[MONTH] liver at age range B-2d days 0-84 ! proportional to the rate at which lead leaves the blood B-6.5ce,
to reach the same pool. B-8b,
B-9b
B-2m,
Based on the assumption that the rate at which lead B-6¢,g,
Lead transfer time from plasma-ECF to leaves the plasma-ECF to reach the soft tissues is
TPLOTH[MONTH] soft tissues at age range B-2m days 0-84 : proportional to the rate which lead leaves the blood to B-6.5c.g,
reach the same pool. B-8b,c,
B-9d
Initialization value of 0.1 was assigned as plausible
Lead transfer time from plasma-ECE to nominal value reflecting best professional judgement B-2a)b,
TPLRBC red blood cells for SUMS 0.100 days 0-84 | on appropriate time scale for composite process of B-2.5,
transfer of lead through the red blood cell membrane to B-7b.c




Default

Value or Age
Equation Range Equation
Parameter Name Description Number Units mos lorE Basis for Values/Equations Where Used
p q
Simple combination of the lead transfer time f B-25
. i imple combination of the lead transfer time from
Ir‘e%aglgggsgglrlggigfgnggazm?hguz to plasma-ECF to red blood cells, and the ratio of red B-6¢,d,
TPLRBC2 maximum canacity of red blgod cell lead B-2.5 days 0-84 | blood cell lead concentration to the corresponding B-6.5¢,d,
concentrationpat ;ye range maximum concentration. Based on Marcus (1985a) B-8b.c
ge rang and reanalysis of infant baboon data. w
B-9a
Based on the following assumptions:
The rate at which lead leaves the plasma-ECF to reach B-2i
the bone is proportional to the rate at which lead leaves '
Lead transfer time from plasma-ECF to the blood to reach the same pool. 8o,
TPLTRAB[MONTH] B-2i days 0-84 | B-6.5¢,h,
trabecular bone at age range The cortical and trabecular bone pools have similar B-8bc
lead kinetics. w
B-%e
The trabecular bone is 20% of the weight of bone
based on Leggett et al. (1982).
Based on the assumption that the rate at which lead B-2c,
TPLUR[MONTH] Lead transfer time from plasma-ECF to B-2¢ davs 0-84 | leaves the plasma-extra-cellular fluid to reach the urine B-6c,
urine at age range Y pool is proportional to the rate at which lead leaves the B-6.5¢,
blood to reach the same pool.
B-8b
B-2b,
B-6b,d,
. Based on the assumption that the transfer time out of B-6.50.d
TRBCPL Lead transfer time from red blood cells to B-2b days 0-84 | red blood cells is similar at all ages, since mean red o
plasma-ECF cell value is similar. B-7b.c,
B-8c,d,
B-9a
B-2j,
. Based on the assumption that the cortical and B-6b,h,
TTRABPL[MONTH] Lead transfer “”.“e from trabecular bone to B-2j days 0-84 | trabecular bone pools have similar lead kinetics for B-6.5b,h,
plasma-ECF fluid at age range hild han 84 h
children younger than 84 months. B-8c,d,
B-9e
Time weiahted average air lead Simple combination of outdoor and indoor air lead E-2
TWA[AGE] d! 9 E-2 pg/m3 0-84 | concentrations and the number of hours spent '
concentration at age range outdoors E-3
i inati ja-specifi i u-4,
UPAIR[MONTH] Air lead uptake at age range U-4 Mg/day 0-84 | Simple combln_atlon of medla_ specific _Iegd intake and
the corresponding net absorption coefficient. U-5

Note: | = internal model parameter; E = external, user-specified parameter
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Default

Value or Age
Equation Range Equation
Parameter Name Description Number Units (mos) lorE Basis for Values/Equations Where Used
i inati ia-specifi i U-la,9,
UPDIET[MONTH] Diet lead uptake at age range U-la Mg/day 0-84 | Simple combln_atlon of medla_ specific _Iegd intake and g
the corresponding net absorption coefficient. U-5
i inati ia-specifi i U-1dj,
UPDUSTA[MONTH] Dust lead uptake rate from alternate U-1f Mg/day 0-84 | Simple combln_atlon of medla_ specific _Iqad intake and J
sources at age range the corresponding net absorption coefficient. U-5
) ~ Simple combination of media-specific lead intake and U-1cii,
UPDUST[MONTH] Dust lead uptake at age range U-1c Mg/day 0-84 | the corresponding net absorption coefficient. Uss
. . U-1f,
UPOTHER[MONTH] Uptake of other ingested lead at age range U-1d Mg/day 0-84 | Assumes no other gut lead intake. US
i inati ja-specifi i U-1lek,
UPSOIL[MONTH] Soil lead uptake at age range U-1le Mg/day 0-84 | Simple combln_atlon of medla_ specific _Iegd intake and
the corresponding net absorption coefficient. U-5
B-6a,
i - Simple combination of the media-specific daily lead B-6.5a,
UPTAKE[MONTH] Total lead uptake at age range U-5 pg/mo 0-84 | uptake rates, translated to a monthly rate. B-ga,
U-5
i - Simple combination of media-specific lead intake and U-1b,h,
UPWATER[MONTH] Water lead uptake at age range U-1b Mg/day 0-84 | the corresponding net absorption coefficient. Uss
UserFishConc Lead concentration in fish 0.000 ng/g 0-84 E Based on the assum[_mon that locally caught fish are E-5h
consumed pg Pb/g fish as prepared.
userFishFraction Fraction of total meat consumed as fish 0.000 unitless 0-84 E ?:::t(}n?: dthe assumption that locally caught fish are E-5a,h
. - . Based on the assumption that home grown fruits are
UserFruitConc Lead concentration in home grown fruits 0.000 ng/g 0-84 E consumed pg Pbig fruit as prepared. E-5f
userFruitEraction Fraction of total fruits consumed as home 0.000 unitless 0-84 E Based on the assumption that home grown fruits are E-5de.f
grown fruits consumed.
UserGameConc Lead concentration in game animal meat 0.000 ng/g 0-84 E Based on the assumption that game meat is consumed E-5i
ng Pb/g game as prepared.
userGameFraction Frqctlon of total mea t co_nsumed as game 0.000 unitless 0-84 E Based on the assumption that game meat is consumed. E-5a,i
animal meat excluding fish
Lead concentration in home grown ~ Based on the assumption that home grown vegetables :
UserVegConc vegetables 0.000 nelg 0-84 E are consumed pg Pb/g vegetables as prepared. E-59
. Fraction of total vegetables consumed as . ~ Based on the assumption that home grown vegetables :
userVegFraction home grown vegetables 0.000 unitless 0-84 E are consumed. E-5b,c,9
vary_indoor Indoor soil lead concentration - ne/g 0-84 User specified. -
vary_outdoor Outdoor soil lead concentration - ne/g 0-84 User specified. -

Note: | = internal model parameter; E = external, user-specified parameter
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Default

Note: | = internal model parameter; E = external, user-specified parameter

30

1956).

Value or Age
Equation Range Equation
Parameter Name Description Number Units (mos) lorE Basis for Values/Equations Where Used
Fraction of vegetable consumption that is E-5e
vegFraction derived from market basket (i.e., total E-5b unitless 0-84 E Calculated value. '
vegetable consumption - user-grown) E-5f
Age-specific inhalation rates are calculated by a non-
linear equation that was estimated using non-linear
S . ) 3 ] regression model for inhalation rate as a function of 3
vent_rate[AGE] Ventilation (inhalation) rate at age range E-la M?3/day 0-84 | age. The regression model was estimated using E-3
doubly-labeled water energy expenditure data
published by the IOM (EPA, 2018a, IOM, 2005).
B-1h,
i Statistical fitting of data from Silve et al. (1987), B-2e,f,hn,0,
VOLBLOOD[MONTH] Volume of blood at age range B-5a dL 0-84 | Spector (1956). and Altman and Dittmer (1973) B5ade, m,
B-10a
The volume of extracellular fluid that exchanges
rapidly with plasma is estimated to be 73% of the
: . blood volume based on Rabinowitz (1976). This B-5d
VOLECF[MONTH] ;/c;lgg:}e gf extra-cellular fluid (ECF) at B-5d dL 0-84 | additional volume of distribution is assumed to be the '
g g volume of the extra-cellular fluid pool, which is the B-9g
difference between the volume of the distribution and
the blood volume.
. ) B-5c,
Statistical fit to
VOLPLASM[MONTH] Volume of plasma at age range B-5¢ dL 0-84 | B-7b,c,
VOLBLOOD(MONTH) - VOLRBC(MONTH) B-9
o ) B-2.5,
VOLRBC[MONTH] Volume of red blood cells at age range B-5b dL 0-84 | Statistical fit to hematocrit x blood volume. B-5b
0-11
0.400 12-23 The water concentration is based on an analysis of
0.430 24-35 water lead concentration data that was developed for
- 0.510 a the U.S. EPA’s Second Six-Year Review of National
water_consumption[AGE] 51?1"2 amount of water consumed at age 0.540 L/day 36-47 E Primary Drinking Water Regulations (EPA, 2010a, b). E-6ab
g 0.570 48-59 The water consumption rates are based on an analysis
0.600 of data from the 1994-1996 and 1998 CSFII database
0.630 60-71 (Kahn and Stralka, 2009).
72-84
) ) ) ) ) E-8a,b,
weight_soil Percentage of total soil and dust ingestion 45,000 % 0-84 E IEUBK Guidance Manual, Section 2.3 (U.S. EPA, E-9ade,
that is soil 1994).
E-10
WTBLOOD[MONTH] Weight of blood at age range B-5m kg 0-84 | Based on a blood density of 1.056 kg/L (Spector B-5I,m




Default

Value or Age
Equation Range Equation
Parameter Name Description Number Units (mos) lorE Basis for Values/Equations Where Used
Statistical fitting of data from Silve et al. (1987); also B-la-e,
. . . Spector (1956) and Altman and Dittmer (1973). Also, ]
WTBODY[MONTH] Weight of body at age range B-5f kg 0-84 | body weight of 24 month old is assumed to be 12.3 kg B-5f,g,1,
(Spector 1956). u-3
WTBONE[MONTH] = 0.111 * WTBODY[MONTH]
WTBONE[MONTH] Weight of bone at age range B-5g kg 0-84 | [MONTH] <12 months B-5g-i
=0.838 + 0.02 * [MONTH]
dtob f the weight of the bone based B
. . Assumed to be 80% of the weight of the bone based on
WTCORT[MONTH] Weight of cortical bone at age range B-5h kg 0-84 | Leggett et al. (1982). B-5h,I,
B-7e
Weight of extra-cellular fluid (ECF) in } ~ Based on an assumed ECF density approximately the }
WTECF[MONTH] lead volume distribution at age range B-5e kg 0-84 ! same as water, of 1.0 kg/L. B-5e,l
Statistical fitting of data from Silve et al. (1987); also B-2h,
. . e ~ Spector (1956) and Altman and Dittmer (1973). Also, =
WTKIDNEY[MONTH] Weight of kidney at age range B-5j kg 0-84 | body weight of 24 month old is assumed to be 12.3 kg B-5j,1,
(Spector, 1956). B-7f
Statistical fitting of data from Silve et al. (1987); also B-2¢f,
. . ) ~ Spector (1956) and Altman and Dittmer (1973). Also, }
WTLIVER[MONTH] Weight of liver at age range B-5k kg 0-84 | body weight of 24 month old is assumed to be 12.3 kg B-5k,I,
(Spector, 1956). B-7g
Simple combination of the weight of body and the B-2n,o,
WTOTHER[MONTH] Weight of other tissues at age range B-5I kg 0-84 | weights of kidney, liver, bone, blood, and extra- B-5l,
cellular fluid. B-7h
B-1h,l1,
. . Assumed to be 20% of the weight of the bone based on .
WTTRAB[MONTH] Weight of trabecular bone at age range B-5i kg 0-84 | Legget et al. (1982). B-5i,l,
B-7i

Note: | = internal model parameter; E = external, user-specified parameter
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