.
e
e 4

ESTIMATION OF DAILY LEAD
UPTAKE IN CHILDREN AND RESULTING |
END-OF-MONTH BLOOD LEAD LEVELS

by
Ted Johnson and Roy Paul
PEI Associates, Inc.

805 South Duke Street, Suite 503
Durham, North Carolina” 27701-3196

Contract No. 68-02-4309
Work Assignment No. 22
PN 3659-22

"Richard B. Atherton, Project Officer

Jeff Cohen, Work Assignment Manager

STRATEGIES AND AIR STANDARDS DIVISION
U.S. ENVIRONMENTAL PROTECTION AGENCY
RESEARCH TRIANGLE PARK, NORTH CAROLINA 27711

February 1986

b ¥ n/l-ltlnﬁn



DISCLAIMER

This report was prepared by PEI Associates, Inc., Cincinnati, Ohio,
under Contract No. 68-02-4309, Work Assignment No. 22. It has been reviewed
by the Strategies and Air Standards Division of the Office of Air Quality
Planning and Standards, U.S. Environmental Protection Agency and approved for

publication. Approval does not signify that the contents necessarily reflect
the views and policies of the U.S. Environmental Protection Agency. Mention
of trade names or commercial products is not intended to ccnst1tute endorse-
ment or recommendation for use. .
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SECTION 1
INTRODUCTION

Under the Clean Air Act, the U.S. Environmental Protection Agency (EPA)
is responsible for establishing National Ambient Air Quality Standards
(NAAQS's) and for reviewing them periodically to determine their adequacies
on the basis of recent experience and research. In view of these responsi-
bilities, the Strategies and Air Standards Division (SASD) of the Office of
Air Quality Planning and Standards (0AQPS) is currently assessing health risks
associated with alternative NAAQS's for Tead. A staff paper1 prepared by SASD
describes a model for estimating lead uptake in children based on estimates of
lead concentrations in air, food, and dirt; on estimates of the quantities of
air, food, and dirt consumed by children; and estimates of the absorption of
tead by the 1ungs°and gut. PEI Asspéiates; Inc. (PEI), has written a computer
program, Multiyear Lead Uptake, which implements the SASD lead uptake model.
The program provides daily lead uptake estimates for children in user-specified
census tracts which may or may not be impacted by emissions from lead point
sources. Children are grouped into cohorts according to age in a user-specified
~ base year. The lead uptake estimates are month-specific and span the period
from the birth of each group through the base year. ' .

Multiyear Lead Uptake creates an output file which can be directly accessed
by a second PEI program, Biokinetics, which determines end-of-the-month blood
lead levels for each cohort from birth through the base year. This program
is based on a four-compartment metabolic model developed by Harley and Kneip2
which calculates lead concentrations in blood and selected organs based on
daily lead uptake.

Section 2 of this report provides the formulas used by the Multiyear Lead
Uptake Program to estimate lead uptake. The rationale behind these formulas
is discussed in the staff paper and in Appendix A. User prompting statements
and output format for this program are described in Section 3. Section 4
provides a brief description of the Biokinetics Program; Section 5 describes
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user prompting statements and program output. The results of a sensitivity
analysis to determine the effects of varying input parameter values on program
output are discussed in Section 6.
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SECTION 2
ESTIMATION OF LEAD UPTAKE

The Tead uptake model is intended to be applied to a group of census
tracts specified by the user. These census tracts comprise the "study area.”
Within the study area, the model provides estimates of the daily average lead
uptake of specific population cohorts. A cohort is defined as all children
with a set of user-defined characteristics that reside in a part{cu1ar census
tract in a specified year and fall into one of seven age groups: 0 to 0.99
year, 1 to 1.99 years, 2 to 2.99 years, 3 to 3.99 years, 4 to 4.99 years,

5 to 5.99 years, and § to 6.99 years. Consequently, a study area with 100
census tracts would contain 700 cohorts. ' ’

The daily average lead uptake (TDLU) of each member of a particular -
cohort {s assumed to be identical. The value of TDLU s calculated by the
expression )

TOLU = UPLUNG + UPDIET + UPDIRT, (1)

where UPLUNG is the daily average lead uptake from the lungs, UPDIET is the
daily average lead uptake related to diet, and UPDIRT is the daily average

lead uptake related to dirt ingestion. Sections 2.1, 2.2, and 2.3 discuss

how UPLUNG, UPDIET, and UPDIRT are estimated.

Table 1 1ists the parameters which appear in the Tead uptake model and
the units in which each should be expressed. Recommended values for many of
these variables are presented in Tables 2, 3, and 4 and in the text. A lower
bound estimate of TDLU is determined by using only lawer bound parameter values
in the lead uptake model. An upper bound estimate of TDLU is determined by
using only upper bound parameter values. If bounds have not been determined
for a variable, a "best estimate" value is used in both cases.

Estimates of TDLU are determined on a monthly basis to reflect the
ambient air lead data used by the model. These data consist of 12 monthly
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TABLE 1. PARAMETERS IN LEAD UPTAKE MODEL

Parameter Units Definition ‘

ABSDIET a Fraction of ingested diet-related lead which is
absorbed by gut

ABSDIRT a Fraction of ingested dirt-related lead which is

_ absaorbed by gut

ABSLUNG a Fraction of inhaled lead which is absorbed
through the lungs into the bloodstream

BACK pg/m3 Background air lead concentration

CRVAL ug/m3 Critical outdoor air lead concentration

DIRTCONS g/day Quantity of dirt consumed

DUSTIN ug/g Lead concentration in indoor-dust

DUSTST ug/g Lead concentration in street dust and soil

HOUT hours/day Time spent outdoors

INADIET ug/day Lead intake related to atmospheric lead which
contaminates diet

INAIR ug/day Lead intake from air |

INDIET ug/day Lead intake related to diet

INDIRT ug/day Lead intake from dirt

INMISC ug/day Dietary lead intake related to solder and mis-

' cellaneous sources (see text)

IORATIO a Ratio of indoor air lead concentration to out-
door air lead concentration

MULT a Multiplicative factor for adjusting SOURCEAQ

QUTAQ ug/m3 Qutdoor air lead concentration

SOURCEAQ ug/m3 Air lead concentration related to point sources

. TDLUY ug/day Total daily lead uptake

UPDIET ug/day Lead uptake related to diet

UPDIRT ﬁg/day Lead uptake from dirt

UPLUNG ug/day Lead uptake from lungs

VEHIC ug/m Air- Tead concentration related to motor vehicles

VRESP m3/day Volume of air respired

HAQ ug/m3 Time-weighted air lead concentration

WDIRT 1g/g Time-weighted concentration of lead in dirt

2pimensionless.
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TABLE 2. ESTIMATES FOR SELECTED PARAMETERS OF LEAD UPTAKE MODEL

e

- Age, years .
Parameter’| Location | Bound | 0-0.99(1-1.99{2-2.99(3-3.99(4-4.99}5-5.99|6-6.99

ABSDIET | NA Lower 0.422 0.42§ 0.30 { 0.30 | 0.30 | 0.30 | 0.18
: Upper | 0.53%} 0.53%] 0.40 | 0.40 | 0.40 | 0.40 | 0.24

ABSDIRT [NA b 0.3° | 0.3 0.3 | 0.3 0.3 0.3 0.3

ABSLUNG | General | Lower o.15§ 0.152 0.15 | 0.15 | 0.15 | 0.15 | 0.15
Upper | 0.30%} 0.30%] 0.30 | 0.30 | 0.30 | 0.30 | 0.30

psd Lower | 0.40 | 0.40 |0.35S| 0.30 | 0.30 | 0.30 [ 0.30
Upper | 0.70 | 0.65 | 0.60°| 0.50 | 0.55 | 0.55 | 0.50

DIRTCONS |NA b 0.1° {o.1 0.1 0.1 |o.1 Jo.1 |o.1
HOUT NA Lower | 1.0 | 1,0 (2.0 {2.0 {2.0 {2.0 | 2.0
Upper | 2.0 [3.0 |40 {50 |50 |50 |5.0

IORATIG  |General | Lower o.sg 0.3 /0.3 0.3 |0.3 }0.3 |0.3
Upper | 0.8° | 0.8 [o0.8 [0.8 |0.8 | 0.8 | 0.8

PS b 0.3 0.3 0.3 |0.3 |o0.3 .3 | 0.3

VRESP | NA Lower | 2.0 | 3.0 4.02 4.0 | 5.0 | 5.0 | 6.0
Upper{ 3.0 | 5.0 |5.0°|5.0°{7.0 | 7.0 | 8.0

8pefined in Table 1 and text.
bBest estimate. Lower and upper bounds not specified.

“perived directly from lead criteria document.3 Other values discussed in
Appendix A.

dPS = near point source.
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TABLE 3.

..

YEAR-SPECIFIC ESTIMATES FOR VEHIC, INADIET, AND INMISC

PARAMETERS OF LEAD UPTAKE MODEL

VEHIC,® INADIET,? INMISC,?

Year uglm§ ug/day ug/day
1974 1.28 30.9 19.6
1975 1.24 29.8 19.6
1976 1.20 28.9 19.6
1977 1.15 27.8 19.6
1978 1.04 25.1 19.6
1979 0.86 20.8 19.6 °
1980 0.53 12,9 17.8
1981 0.48 11.5 16.2
1982 0.42 _10.3 14.8
1983 0.37 9.0 12.5
1984 - 0.27 6.5 12.0
1985 0.18 4.5 11.3
1986 0.02 © 0.55 10.6
1987 0.02 0.36 10.1
1988 0.02 0.36 9.3
1989 0.01 0.36 8.2
1990 0.01 - 0.36 7.1
1991 0.01 0.19 6.8
1992 0.01 0.19 6.4
1993 0.01 0.19 6.0
1994 0.01 0.19 5.7
1995 0.01 .0.19 5.7
1996 0.01 0.19 5.7
1997 0.01 0.19 5.7

@pefined in Table 1 and text.
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TABLE 4. LOWER AND UPPER BOUND ESTIMATES FOR LEAD CONCENTRATION IN STREET

DUST AND SOIL AND IN INDOOR DUST

Lead concentration, wq/g v
Street dust and soil (BIRTST) | Indoor dust (DIRTIN)
a b Near point Near point
OUTAQ Bound General source General source
0 L 5 20 5 20
U 30 300 30 100
0.2 L 40 g0 70 70
it 150 . B50 200 400
0.3 L 60 125 _100 250
U 250 600 250 600
0.4 L 100 200 200 300
u 350 700 300 650
0.5 L 150 350 250 450
] 450 800 4Q0 700
0.6 L 200 450 300 550
U 600 1000 500 750
0.7 L 250 550 350 600
U 650 1150 600 800
0.8 L 300 850 450 650
] 950 1300 700 900
1.0 L 500 750 525 800
U 1150 1450 878 1150
1.25 L 600 850 625 1050
U 1250 1600 1000 1400
1.5 L 700 1000 750 1200
U 1400 1750 1150 1700
1.75 L 775 1075 800 1350
: U 1450 1950 1200 1900

40utdoor Tead concentration, ug/m3.

bL = lower, U = upper.
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average (January through December) air lead concentration values for each
census tract. Section 2.4 describes a computer program developed by PEI that
calculates TOLU values based on an input file consisting of monthly average
air lead values spanning a user-specified 7-year exposure period.

2.1 DAILY LEAD UPTAKE FROM LUNGS

The dajly average lead uptake from the lungs, UPLUNG, {s estimated by
the formula

UPLUNG = (INAIR)(ABSLUNG) (2)

" where INAIR is the average dafily intake of air lead by respiration and ABSLUNG
is the fraction of respired air lead which is absorbed into the blood stream.
Table 2 1ists Tower and upper bound estimates of ABSLUNG recommended for use
with the lead uptake computer program. These estimates appear in the Tead
staff paper1 and are based on analyses by Chan and Lipgman,4 Davidson and
Osburn,5 and Phalen et a1.® ABSLUNG is assumed to increase near point sources
where large particles are more prevalent. Consequently, the bounds for point
source locations provided in Table 2 are larger than those for general urban
Tocations. A location is assumed to be near a point source whenever the
value of SQURCEAQ exceeds a specified critical value {CRVAL). SOURCEAQ is
discussed below.

INAIR is estimated by the formula

INAIR = (WAQ)(VRESP) (3)
where WAQ is the time-weighted air lead concentratiop and VRESP is the air
volume respired per day. Table 2 lists lower and upper bounds for VRESP for
the seven age groups as determined by Ferdo,7 ICRP,8 and the Nutrition Foun-
dation.

WAQ is estimated by the formula

WAQ = (1/24) [(HOUT)(OUTAQ) + (24 - HQUT)(IORATIO)(QUTAQ)I (4)

TEH 0414052
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where QUTAQ is the average ambient (i.e., cutdoor) air Tead concentration
determined for the census tract for the specified month, and HOUT is the aver-
age number of hours spent outdoors per day. IORATIO is the ratio of indoor

air lead concentration to outdoor air lead concentration. Table 2 lists val-
ues of HOUT by age group as determined by the lead staff1 and by Pope.10 The
Tower and upper bound values for IORATIO are 0.30 and 0.80, respectively, for
general urban/rural locations. These are the bounds suggested for {ndoor
microenvironments by the lead criteria document.3 For locations near point
saurces where large particles are mors prevalent and infiltration into homes

is Tower, a single "best" estimate of 0.3 is considered appropriate for IORATIO.

‘A Tocation is assumed to be near a point source whenever the value of SOURCEAQ

exceeds CRVAL.
QUTAQ is estimated as

OUTAQ = (MULT)(SOURCEAQ) + BKGD. - (5)

_SOURCEAQ is the point-source-related component of the ambient lead concentra- .
"tion and“is taken from a user-supplied input file specific to the point

source(s) being considered, the control scenario hypothesized, and the yearf
Within this file, SOURCEAQ values are indexed by census tract and month.
MULT is a user-specified multiplicative factor by which SOURCEAQ values
can be adjusted to simulate regulatory impacts on point-socurce emissions.
MULT values are year-specific.
BKGD is estimated by the expression

BKGD = VEHIC + ADD. (6)

VERIC represents the year-specific contribution of motor vehicles to ambient
lead concentrations. Table 3 lists recommended values for VEHIC. ADD is an
additive factor which can be used to account for background air lead concen-
trations not associated with point sources or motor vehicles. ADD values are
not year-specific.

In initial applications of the lead uptake model, the value of SOURCEAQ
was estimated for the geographic centroid of each census tract by the
Industrial Source Complex (ISC) dispersion model using emissions data for

9
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lead point sources and local meteorological data. Values of SOURCEAQ were
also calculated by the ISC model for receptor pd?nts on a radial grid sur-
rounding each point source. Use of these radial grids permitted estimates of
SOURCEAQ to be made at receptor points that were closer to the sources than
any of the census tract centroids. .

Values for MULT were determined by dividing the maximum SOURCEAQ value
permitted under a given scenario by the largest "as is" or baseline SOURCEAQ
value determined by the ISC. The latter value was always associated with a
radial grid receptor point rather than with a geographic centroid. If, for
example, the maximum SOQURCEAQ value permitted after certain emission controls
are implemented is 0.25 ug/m3 and the largest baseline SOURCEAQ value deter-
mined by ISC is 0.40 ug/m3, then MULT = 0.25/0.40 = 0.625. - This MULT value
is then multiplied by the SOURCEAQ value for each census tract centroid as
indicated by Equation 5.

Where appropriate, the impacts on lead exposure of two or more point
sources can be considered simultaneously. in these cases, source-specific
MULT values can be used to adjust the baseline §0URCEAQ values associated
_with each source. The resulting source-specific SOURCEAQ values can then be
added together to yield a SOURCEAQ value for each census tract representing
the combined contribution of all point sources.

2.2 DAILY LEAD UPTAKE RELATED TO DIET

The formula used to estimate UPDIET, the average daily lead uptake
related to diet, is

UPDIET = (INDIET)(ABSDIET) (7}

where INDIET is the average daily intake of lead from the diet and ABSDIET
is the fraction of lead consumed which is absorbed through the gut into
the bloodstream. Table 2 Tists lower and upper bounds for ABSDIET by age
group as estimated in the staff paper. INDIET is estimated as

INDIET = INADIET + INMISC. (8)

INADIET is the average daily dietary lead intake related to the depasition of
atmaspheric lead on food surfaces before and during processing. INMISC is the

10
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average daily dietary lead intake related to solder in canned foods, to water
distribution systems, to soil lead, and to undetérmined sources. Table 3
Tists year-specific "best estimates” for INADIET and INMISC which reflect the
downward trend expected in lead levels found in food and water (Appendix A).

2.3 DAILY LEAD UPTAKE RELATED TO DIRT

The average daily Tead uptake related to dirt is estimated as
~ UPDIRT = (INDIRT)(ABSDIRT) (9)

where INDIRT is the average daily intake of lead through ingestion of dirt
and ABSDIRT is the fraction of ingested lead which is absdrbed through the
gut into the blood stream. The staff paper estimates ABSDIRT to be 0.30.
INDIRT is estimated by the formula

_ INDIRT = (WDIRT)(DIRTCONS) (10}

-
- L]

where DIRTCONS is the average quantity of dirt consumed during the period each
day when a child is active. This period is assumed to have a duration of 12
hours. WDIRT is the time-weighted lead concentration of the dirt. The staff
paper recommends & value of 0.1 g/day for DIRTCONS.1 WDIRT 1s estimated by
the formula . .

WDIRT = (1/12) [(HOUT}(DIRTST) + (12 - HOUT)(DIRTIN)I. (11)

DIRTST is the lead concentration of street dust and soil. DIRTIN is the

lead concentration of indoor dust. DIRTST and DIRTIN vary with the ambient

air lead concentration (OUTAQ) and reflect whether or not the census tract is
considered to be significantly impacted by a point source. Point source impact
is assumed to occur if the value of SOURCEAQ exceeds CRVAL. Table 4 lists
values of DIRTST and DIRTIN for both nonimpacted and impacted census tracts
according to OUTAQ value. These estimates were alsc obtained from the Tead
staff paper. Interpolation is used to determine DIRTST and DIRTIN values for
QUTAQ values not appearing in the.table.

i1

i
i
i
]
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2.4 THE MULTIYEAR LEAD UPTAKE PROGRAM

*.r

Sections 2.1 through 2.3 discuss how a TODLU valve is estimated for &
single cohort for a given month. The Multiyear Lead Uptake Pfogram calculates
month-by-month TDLU values by cohort from birth through a user-specified last
year of expasure (LYOE). A separate output table presents estimates for each
individual census tract; the individual cohorts within each census tract are
identified according to age at the begining of the LYOE. The number of chil-
dren in each cohort is also indicated. These population data are obtained
from an input data file provided by the user. Section 3 discusses the user
prompting statements and cutput format of the Multiyear Uptake Program.

A second program, Biokinetics, uses the month-by-month daily lead uptake _.
estimates from the Mu]tiyear'program to calculate end-of-month blood lead
concentrations from birth through the LYOE for each cohort. The program '
implements the model described in Section 4. Section 5 discusses the user
prompting statements and output format of the Biokinetics program. Section 6
discusses the results of 2 sénsitivity analysis which. evaluated the effects
on program output of varying program input values.

12
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SECTION 3

USER PROMPTING AND OUTPUT FORMAT OF THE
MULTIYEAR LEAD UPTAKE PROGRAM

Appendix B contains a 1isting of the Multiyear Lead Uptake Program. Fig-
ure 1 Tists the series of prompting statements by which the program elicits
instructions, parameter values, and labeling information from the user.

The user first enters the name of the study area or principal point
source as a means of Tabeling the area to which the Teaduuptake estimates
apply. Next the user enters the name of the control scenario to which
the estimates apply. Responses to these two prompts are used solely to
label output tables.

The program next requests whether lower or upper bound estimates are to
" be determined. Theé program then asks for information as to whxch population
'subgroups are to be jncluded in the uptake est1mates. Note that the user can
include children from any of six demographic subgroups defined according to
presence of lead-based paint in housing (yes or no), housing condition (sound
or unsound), and potentia1 for indirect or secondary occupation lead exposure
{yes or no). The program also asks if the population age groups are to be
further subdivided. If the answer is yes, the user can specify what fraction
of each age group should be included in the lead uptake determination. This
allows the user to focus on the effects of age-related factors (e.g., pica)
on lead uptake.

In response to the next prompting, the user enters the name of a user-cre-
ated file which contains values for all input parameters other than SOURCEAQ
and population. This file i§ referred to as the "Arrays" file. Section 2
contains recommended values for this file.

The user next enters the name of a user-created file which contains popu-
lation data for each of the six demographic groups by age group and census
tract for the study area under consideration. This file also must list 12 val-
ues (January through December) of SOURCEAQ for each census tract. These
SOURCEAQ values are the mqnthTy average air lead concentration from sources in

13
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- COHORT MULTI-YEAR LEAD UPTAKE FROGRAM
Calculates daily uptake by menth gver lifetime
For selected children dae 0-& vears

Q1-046—-1984
Strateqies and Air Standards Division

f mo %m wm m v . m wn e .

doiom mm e mn me e e en e me e

SPECIFICATICNS FOR THIS ANALYSIS.
Enter name of study area or principal paint source (in CAFPS):

?

Enter name of control scenario to be analvyzed (1n CARS) 1.
7 . ‘
Lower(Q} ar ugper (i) bound estimate?

Press (Shift-PrtSc! to print these sne:szcatxcn

Then prass ‘ENTER’ &o ccntxnue-

-

SPECIFICATIONS CONMTIMUED: .

Which of the fallowing population groups should be included in this
analvsig? If mare than one, group populations will be added.
{Ngte: LPH = lesad—-paintad housa; S0E = sacondary accupational exposurs)
Children in LPH\unsound, with Z20E (Y/M)?
Children in LFH\unscund, no SOE (Y/My?
Children in LPH\sound. with SOQE (Y/M)7?
Children in LPFH\scund. no S0E (Y/N)7?
Childrzn im non-LFH. with S0E (Y/MN)7
Children in nmnan~-LFH, ng SO0E (Y/M)7?
Should child groups ba further subdividsd for this amalvsis{Y/ M}?

iFfE5~-Frt3z) to print these spscifications.
z ‘ENTER® to continue: ’

Figure 1. User prompting statements of the Multiyear Lead Uptake Program.
: {continued) v

14
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SPECIFICATIONS CONTINUED:

Enter name of input {(Arravs) file in DQS format:
Enter name of input (AQ) file in DOS format:
Enter name of cutput file in DOS format:

Enter last vear of exposure (4 digitsy: 1980
This program uses , a sat of (974-1997 background values for motor vehicles.
Do’ vou want to substitute a set of rural background valuss (Y/N) 7

Year 1974 72
Year 1973 7
Year 1976 7
Year 1977 7
‘Year 1978 7 v
Yaear 1979 7
Year, 1980 7

Should backaground values be used to indicate critical values
above which point saurcz impact is assumed (Y/N) ?
Enter altasrnate AQ critical value {ug/cu.m.) abcva whz:ﬁ

point source impact Shculd be assumeds:

Year L1974 7
Year. 1975 7
Year 19768 7 °
Year 11977 7
Year 1978 7
Yaar 1977 7
Year 198Q 7

Ent=r additive backaground factar (Sther than vehicles)y tag adiust Af:
Enter multiplicative factors to adjust AG by vear:

Year 1974 7

Vear 1979 7

Year 127& 7

Yasar L7777 7

Year 1978 7

Yzar 1979 7
Vear 19280 7 :

3 ifh=-SritSg) ta oring tﬁeca soscifications.,

TER ta =zantinus

Figure 1. User prompting statements of the Multiyear Lead Uptake Program.
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the study area during the base year. Paul has developed a program, MATCH-AQ,
which creates this file using population data from the Bureau of Census and
dispersion modeling estimates of lead air quah‘ty.11 The program yields
separate data sets for 1980 and for each of two future years specified by the
user. The user of the lead uptake program specifies which data set to use by
entering the appropriate file name in response to a request for the "input
POPAQ file." The user also specifies the name of an output file which will
serve as input to the Biokinetics program. ‘

The user next enters the last year of the seven-year exposure period for
which the program will calculate lead uptake values. The user is then given
a choice of 1) having BKGD represent urban locations by incorporating the val-
ues of VEHIC listed in Table 3 or 2) specifying an alternative set of BKGD val-
ues which better represent rural locations. If the user chooses the latter
option, the program requesfs a value for each year of the exposure period. The
program also asks whether the critical value {CRVAL) for each year should equal
the BKGD value specified for that year. If the answer is no, the user is asked
to specify a TRVAL for each year in the exposure period. The remaining pfompt—
ings request that the user enter a single value for the additive background
factor (ADD) and seven year~specific values for MULT.
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SECTION 4
ESTIMATION OF BLOOD LEAD LEVELS

Harley and Kneip have developed an integrated metabolic model which esti-
mates day-by-day blood Tead levels based on daily uptake of tead into the
bldodstream.z The model assumes that most (over 95%) of the lead in the body
is contained in four compartments (bone, 1iver, kidney, and blocd) and that
lead moves among these compartments in a predictable manner. Figure 2 shows
the various lead pathways considered in the Harley-Kneip iodel. Figure 3
presents the mathematical relationships which the model uses in an iterative
manner to estimate the. total lead content in each compartment as the body
receives varying daily lead inputs. Harley and Kneip have incorporated these
relationships into a computer program for estimating blood lead concentrations
in children 1 to 6 years of age¢12 PEI ‘has adapted the Harley-Kneip program
‘to accept daily lead uptake values (i.e., TOLU) as estimated for a cohort by
the Multiyear Lead Uptake Program. The resu]tihg Biokinetics Program tracks
a cohort from birth on January 1 of a user-specified calendar year through
the last day of a user-épecified calendar year. A year is assumed to contain
12 months of 30 days. The cohort receives the same daily lead uptake for each
of the 30 days in a month. This value is the TDLU value estimated for that
month by the Multiyear Lead Uptake Model. The Biokinetics Program calculates
the resulting blood lead concentration on a daily basis but prints out only
end-of-the-month values. Thus, 360 sequential blood lead concentrations are
calculated for a given year, but only the 12 end-of-the-month values are
actually printed out.

Table 5 1ists the parameter values used by Harley and Kneip in their
model.! These have been incorporated into the Biokinetics Program. Note
that many of these values change with the age of the child. Section 5 presents
typical output from the Biokinetics Program.
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Figure 2.

Lead pathways considered in
integrated metabolic model.
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Figure 3.

Harley-Kneip integrated metabolic model for determining
lead levels in four body compartments.
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~TABLE 5. PARAMETER VALUES FOR THE BIOKINETICS -PROGRAM

’

Age, years
Parameter Exploration 0-0.99 1-1.99 2-2.99 '3-3.99 4-4.99 5-5,99 - 6-
Cys  |Blocd to bone,removal
rate, days 0.300 0.300 0.134 0.134 0.134 0. f34 0,
C Bone to blaod,remaval
$b 1 vate, days ) 2.65 x 107 | 2.65 x 107 ) 2.65 x 1073 2.65 x 107 | 2.65 x 1077 | 2,65 107% 2.6
Chy {Blaod to 1iver vemoval
rate, days 0.0301 0.030} 0.0301 0.0301 0.0301 0.0301 0.
c]b Liver to blogg removal
rate, days 0.0130 0.0130 0.0130 0.0130 0.0130 6.0130 Q.
Cbk Blood ta kidney rez; s
moval rate, days 0.01400 0.0100 0.0100 0.0100 0.0100 0.0100 0.
Cip  {Kidney to blood re-)
moval rate, days 0,030} 0.0301 0,030} 0.0301 0.0301 ¢.0301 .@,
Ch " Blaod to urh_\g removal
rate, days 0.0334 0.634 8.0334 0.0334 0.0334 6.0301 0.
LT Liver to gastroin-
9 testional tract rg-
moval rate, days k] 3 5 5 5 10
F Fractional uptake from
gastrointestional .
tract to blood 0.4 0.4 0.3 0.3 0.3 0.3 0.
4
Ti



SECTION 5

USER PROMPTING AND OUTPUT FORMAT
OF THE BIOKINETICS PROGRAM

Appendix C contains a listing of the Biokinetics Program. Figure 4 lists
the series of prompting statements by which the program elicits instructions,
parameter values, and labeling information from the user. .

The user first enters the name of the study area or principal point source
as a means of labeling the area to which the program estimates apply. Next
the user enters the name of theé control scenario to which'the estimates apply.
Responses to the two prompts are used solely to label output tables.

The program next requests the calendar year which will be the last year of
the 7-year exposure period. The user should enter the same year previously
specified for the Multiyear Lead Uptake Program run which created the input
data file for the Biokinetics Pragram. The usey then énters the name of this
file and indicates which estimates (lower or upper bound) the file contains.

The last prompting statement asks if the user wants the geometric mean of the
12 end-of-month blood lead values calculated for each cohort's sixth year of
exposure.

Appendix C contains printouts for "lower bound" and "upper bound" runs
of the program for the study area previously discussed in Section 3. Each
printout consists of a separate table for each census tract in the study area
and four tables which present results averaged across all census tracts.

Values tabulated in the census tract tables are end-of-the-month blood lead

concentrations from birth through the last year of the exposure period. The
format is similar to that of the Multiyear Lead Uptake Program in that esti-
mates are arranged according to the cohort's age in the last year.

The last two pages of each printout contain the four summary tables. These
tables pertain only to those cohorts whose seventh year of 1ife is the last year
the 7-year exposure period. (If the last year of the exposure period year is
1980, for example, these would be those children born at the beginning of
1974.) Summary Table 1 presents month—by-month geometric means of the end-of-
the-month blood lead concentrations of all cohorts born on January 1 of the
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BIOKINETICS
Version 2.9
Calculates end-of-monkh blood lead
Concentrations for chidren age 0O~& vears

01-0&~-1984
Strategies and Air Standards Division

F oo m o e ma em me an m ae o

R T T I S §

SFECIFICATIONS FOR THIS ANALYSIS: '

Entsr name of study ares or principal point source (in CARS):

-

Enter name of contirol scenario to be analyzed {in -CAPS) 3, .

Enter last vesar of child expasure (4 diqits):

FROGRAM ONMLY FOR (980~19%7

What tvpe of uptake =stimaktes --— unparti) or lower (0) bgounds?

Lo vou want the gsometric mean blocd concantration for each ssfAsus
tract during the next to last vear of axpasure(Y/M}7T

[npuis comolets., Press (Shift-FriSc) ko print specificaticns.
Then press ‘ENTER’ to continus:

Fause to iritialize arravs of data in program...

Segin calaulations for =ach cohort within census tracts:

Figure 4. User-prompting statements of the
Biokinetics Program.
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first year listed in the left-hand column. These values are calculated as
follows. Let Xi3k be the end-of-the-month blood lead concentration for cohort
i in the year j and month k. Then yjk’ the blood lead concentration listed in
Summary Table 1 for month k of calendar year j, is caIculqted by the expression

Yik = exp(z(p;}(In xijk)/zpi] (12)

where P; is the number of children in cohort 1 and the summations include all
cohorts in the study area which meet the stipulation stated above. Note that
Y5k is a population-weighted geometric mean.

Sunmary Table 2 presents population-weighted geometric means of annual
average blood lead levels for the same cohorts consideraed -in Summary Table 1.
The gecmetric mean for year j, yj, is calculated as

yj = exP['E(Pi)(Tﬂ f‘".ij)/ip.i] ’ (13)

where m g is the arithmetic mean cf the 12 end-of-the-~nicnth blood lead con-
centration values for cohort i in year j, Py is the number of children in
cohort i, and the summations include all cohorts meeting the previously stated
stipulation.

The seven values listed in the right~-hand column of Summary Table 3 are
calculated as follows. Let hfj be the highest end-of-the-month blood Tead
concentration for cohort i1 in year j. Then ¥is the blood lead concentration
listed in the right-hand column of Summary Table 3 for calendar year j is

calculated by the expression

Ys

3 = explE(p)(On by )/zpg1 | (14)

where Py is the number of children in cohort i and the summations include all
cohorts in the study area which meet the stipulation stated abave. Thus Y
is a population-weighted geometric mean of the highest end-of-month blood
Tead concentration. )

In developing Summary Table 4, the pragram first calculates a;, the arith-
metic.mean of the X5 4 values -for the first four years of a cohort's life, and

bi’ the arithmetic mean of the xij values for the next three ‘years of a cohort's
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1ife. The first value 1isted in the right-hand column of Summary Table 4 is
calculated as

w, = explzip;)(Tn 2;)/2p41 3 (15)
the second is calculated as
W, = exp(z(p;)(1n b;)/zp,] . | (16)

The summations include all cohorts in the study area which meet the stated
" stipulation. The quantities W, and W, are both population-weighted geometric
means. '
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SENSITIVITY ANALYSES

SECTION 6

Muttiple runs of the Multiyear Lead Uptake and Biokinetics program were
made to assess the effects on blcod lead estimates of varying the values

assigned to selected input parameters.

A11 runs used the same study area, 2

set of census tracts surrounding a secondary smelter located in a relatively

densely populated area of a U.S. city.

The parameters listed in Table € were

selected for the sensitivity analyses because of their apparently large in-

fluence on blood lead estimates relative to that of other parameters.

Listed

in Table 6 is the initial value used for each parameter, an alternate value
substituted for the initial value, and the scenario being analyzed.

TABLE 6. " INITIAL AND ALTERNATE PARAMETER VALUES USED iN SENSITIVITY ANALYSES

Initial Alternate '
Parameter(s) value value Scenario analyzed
DIRTCONS 0.1 g/day 0.2 g/day Baseline expasure - _
Lower and upper bound run
INMISC Year-specific See text Precontrol exposure and
estimates (ses post-control exposure (1.0
Table 3) ug/m? standard)
Lower and upper bound runs
DUSTIN Lower bound Upper bound Baseline exposure
estimates? estimates? Lower bound run
DIRTST Lower bound Upper bound Baseline exposure
estimates estimates Lower bound run
DUSTIN + Lower bound Upper bound Baseline exposure
DIRTST estimatesd estimates? Lower bound run
DUSTIN + Upper bound Lower bound Baseline exposure
- DIRTST estimates? estimates? Upper bound run

% ower and upper bound estimates used are values presented in Tabie 4 for
“near point source.”
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The selection of alternative values for the sensitivity analyses was
based on the following considerations: )

10

-

While the estimate of 0.1 g/day for the average daily consumption1
of dirt in young children is generally accepted {lead staff paper
and lead criteria document3), it is based on a limited amount of
data, and most likely is a conservative value. A doubled value of
0.2 g/day of dirt ingestion was arbitrarily chosen to assess how
sensitive the model was to this parameter.

INMISC represents the dietary lead intake due to lead from solder

in canned foods and water distribution systems, natural sources of
lead, indirect sources (i.e., historical accumulations of deposited
atmospheric lead), as well as sources of lead that have not yet been
determined according to the criteria document. Estimates of INMISC
are derived in the Tead staff paperl from calculations presented in
the criteria document, which in turn are based on the most recent
available data on mean dietary lead intake (1982-1984), and on pro-
jections of future trends in the lead content of canned food and of
drinking water by the criteria document and EPA's Office of Drinking
Water, respectively. Because these projections involve various
assumptions on the economic and technologic feasibhility of future
controls on lead exposure, it was-of interest to test how sensitive
the model outputs were to these assumptions._ Rather than assume
that the use of Tead-soldered cans in the canning industry would con-
tinue to decline after 1983 (the most recent data of Tead solder can
usage), it was simply assumed that no further controls would be
implemented in the canning Industry. As a result, rather than a
steady decline in INMISC from 12.7 in 1983 to 5.7 ug/day in 1997,
there would be & decrease from 12.7 to 12.0 ug/day in 1997 (due solely
to expected improvements in lead drinking water quality).

Estimates of the lead concentrations in indoor dust, and in street
dust and soil associated with dffferentlair Tead concentrations
were obtained from the lead staff paper” and were derived from
various studies which measured air lead levels and dust and/or
surface soil lead concentrations concurrently. Although the
studies sampled a broad spectrum of homes, none of the studies in-
cluded data from homes with reported lead paint hazards. Given

the complex variables involved in the air lead/dust soil lead rela-
tionship (e.g., deposition rates, chemical and physical character-
istics of the lead particles and soils, topographic and meteorologic
conditions, frequency of street washings and precipitation, trans-
port of dust and soil into homes, etc.), it is not surprising that
a range of saoil and dust lead concentrations are estimated for any
given air lead concentration. To test the impact the ranges have
on the model outputs, three runs were made. The first used the
upper bound value of DUSTIN and lower bound value for DIRTST; the
second used the lower bound value of DUSTIN and the upper bound
value for DIRST; and the third used upper bound values for both
parameters. '
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In general, the air quality (SOURCEAQ) throughout each census tract is
assumed to equal the air quality at the geographic center of the census
tract. In some cases, the geographic center may be a significant distance
from the population center of a census tract. Air quality at the two points
could be significantly different, with the air quality at the population
center being considered the more accurate indicator of exposure for the
children residing in the census tract. To determine the magnitude of the
discrepancy, alternative SQURCEAQ input files were develaped using the ISC
dispersion model and two radial grids.

) A series of runs were made to assess the effect of receptor point loca-
tion on blood lead estimates. In one run, the SOURCEAQ for each census tract
was determined using the geographic centroid of the census-tract as the
receptor point for the ISC model. In another run, geographic centroids were
used for all but the two census tracts closest to the smelter. A radial grid
receptor point 1000 m from the smelter was used for the census tréct nearest
the smelter; a receptor point 2000 m from the smelter was used for the

other census tract. These receptor points approximated the .locations of the
population centroids of the two census tracts. In a third run, radial grid
receptor paints 500 m from the smelter were used for both census tracts.
These locations were assumed to represent residential areas experiencing air
lead levels near the maximum levels expected in the two census tracts.

Results of the different sensitivity analyses are given in Table 7. To
{1lustrate the effects of the various adjustments, blood lead levels pre-
dicted by the model using parameter values given in Tables 2, 3, and 4 are
also shown for different scenarios. As noted previously, all of the sensi-
tivity analyses used the same U.S. secondary lead smelter. The results pre-
sented in Table 7 for runs without any adjustments apply toc the same smelter.

Based on the results of the sensitivity analyses, the following conclu-
sions can be drawn.

1. Doubling the estimate for the average daily dirt ingestion rate
from 0.1 to 0.2 g/day significantly increased the blood Tead esti-
mates. The marked sensitivity of the model to this parameter,
‘which is based on a 1imited amount of data in relation to the other
parameters, should be highlighted. Furthermore, none of the
analyses completed to date were intended to model children with

pica. Although no precise estimates are available, the amount of
dirt ingested by children with a high degree of pica is significantly
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2.

‘larger than for children who ingest dirt in the course of normal

hand-to~-mouth behavior, which is what the estimate of 0.1 g/day is
intended to represent. It is clear from this analysis that the
exposure and blood Tead estimates for children with a high degree
o;.gzca would be significantly greater compared to those of other
children. )

The use in the model of the upper bounds of the ranges of indoor dust
lead concentrations and outdoor soil/dust lead concentrations rather
than the lower bounds significantly affects the blood lead estimates
of the model. The results further indicate that indoor dust Tead
exerts a significantly greater impact on exposure than does outdoor
soil/dust Tead. As Equation 11 indicates, the contribution of
DIRTIN to WDIRT is greater than the contribution of DIRTST to WDIRT.
It should be emphasized that none of the runs completed to date were
intended to model children exposed to significant concentrations of
lead in paint. For ‘those children living in homes with lead paint
hazards, it is clear that significantly higher lead exposures and
blood Tead levels would be estimated due to the higher levels of
Tead in indoor, and possibly, outdoor dust.

Using radial grid air quality values for receptors points at 1000
and 2000 meters that approximate the Tocations of the population
centraids of the two closest census tracts, rather than using geo-
graphic centroid air quality values for those tracts, did not

affect the results significantly. For one of the census tracts
{Census Tract A), the geographic centroid of the census tract was
actually closer to the source than the population centroid. Assign-
ing radial grid air lead concentrations at 500 meters for the two
closest census tracts did not significantly increase the blood lead
estimates when averaged across all census tracts surrounding the
point source (Table 7). The effects of altered air quality on blood
Tead estimates for individual census tracts was more evident. For
example, an approximate 35 percent increase in blood lead estimates
for Census Tract A resulted when the radial grid estimates were

used for the upper bound run. For the other census tract, the use
of radial grid air quality values rather than geographic centroid
values did not significantly increase air Tead exposure due to the
relatively closer proximity of the geographic centroid to the point
source. The resulting blood lead estimates for this census tract
are not significantly different. It is possibie that for other

lead point sources, modeling with radial grid air lead concentrations
that approximate the population centraids, rather than geographic
centroid values, might better represent actual exposures and result
in significant differences in blood Tead estimates.

The assumption that further reductions in canned food Tead levels
will not occur in the future noticeably alters the blood 1ead esti-
mates only for the post-control 1990-1996 scenario. Estimates for
the precontrol 1983-1989 time period are not significantly affected.
Based on projections in the criteria document, it appears most
1ikely that further controls by can manufacturers will continue.
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APPENDIX A
ESTIMATES FOR SELECTED PARAMETER VALUES

Yalues for parameters of the lead uptake model given in Tables 2 and 3
of the main text that are not derived directly from the Jead staff paper1 are

discussed in this appendix.

1.  ABSDIET represents the average fraction of ingested dietary lead
that is absorbed through the gastrointestinal tract Tnto the bloodstream.
Lead balance studies in infants (A‘lexander2 and Ziegler ) report GI uptake
factors in the range of 42 to 53 percent based on measurements of lead in the
diet and excreta. Several studies*® have found that adults absorb a much
smaller fraction of ingested dietary lead with measurements ranging between
7 to 20 percéent. For the present model, a range of ‘42 'to 53 percent {s used
for infants up to their third year of 1ife, 18 to 24 percent for children
upon reaching their 7th year of 1ife, and proportional, incremental values
in intermediate ages.

2. Table 3 describes past and future trends in average daily dietary
Tead intake (INDIET) for 1974-1997. VYear-specific estimates by Battye7 af the
mobile source contribution to ambient lead concentration in urban areas,
VEHIC ug/m3, are used to estimate INADIET, the average daily lead intake
"related to atmospheric lead deposition on food surfaces before and during
processing. Past trends in lead solder usage in canned ’r‘oods,l anticipated
future reductions in Tead solder usage, and the anticipated impact of the
expected revision of the lead drinking water standard8 were used to make year-
specific estimates of the contribution of these sources to average daily
dietary lead intake. The contributions of soil lead and undetermined sources
of Tead remain constant in estimating average daily dietary lead intake be-
tween 1974-1997. The contribution of components of dietary lead intake, with
the exception of the INADIET component, are combined to yield year-specific
estimates of INMISC. :
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3. ABSLUNG represents the fraction of inhaled lead that is deposited
into and subsequently absorbed through the lungs into the bloodstream. In
the staff paper, data on particle size distributions of airborne lead mass,
collected from various urban, rural, and industrial areas, are combined with
particle respiratory deposition and absorption data to calculate the absorp-
tion rate of inhaled lead particles for a 2-year old child 1iving in generalized
urban/rural areas (15 to 30%) as well as near stationary lead sources (35 to
60%). Data were obtained from Landrigan et a1.,9 Dorn et al.,io Chan and
‘Lippmanri, ! Davidson and Osborn,'? and Phalen et al.l3 '

Age-related differences in deposition efficiencies estimated by Phalen
et al. are not large for the relatively small particle diameters that pre-
dominate in generalized urban/rural areas. Therefore, thé'range estimated
for a 2-year o1d is applied to all ages of young children {0 to 7 years)
living in those areas. Near point-sources, thare is generally a greater
fraction of coarse-mode particles (>2.5 um) in the ambient air. Cénsequent]y,
the fraction of particle mass that deposit in the Tungs of young children and
are absorbed is estimated to be larger than that of adults. Particle deposi-
tion efficiencies for & um'partic1es were derived from Phalen et al. as a
function of age and ventilatory state (e.g., low activity, light exertion) to
calculate average daily deposition ratas by age:

% deposition % deposition Average daily

Age at low activity at light exertion deposition rate
0 80 65 75
1 75 &0 70
2 70 85 65
3 65 50 60
4 &0 45 55
5 60 45 55
6 55 40 50
18 35 35 35

Average respiratory deposition/absorption rates for different ages 1iving
near lead paint sources were calculated using the equation

{(CR05 - ARDS) X PbPSl.OI + ARDPS
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where CRD5 is the average daily deposition rate of 5 um particles for a child
between O and & years (50 to 75%, from Phalen et“al.’3); ARDg is the average
daily deposition rate of 5 um particles for an 18-year old (35% fraom Phalen
et al.)s; PbPSL0 is the average percentage of lead particle mass collected
near point sources that is comprised of particles that are larger than 1.0
um in diameter (50 to 70%, from Landrigan et al.g and Dorn et a1,1°); and
ARDPS is the estimated respiratory deposition rate for adults living near lead
point sources (20 to 40%, estimated in the lead staff paperI).

The calculated ranges were rounded off to yfeld the rates listed in
Table 2. It should be noted that deposition efficiencies for 5 um particles
were combined with data on the percentage of lead particles larger than 1 um
around point sources to calculate point source area respiratory deposition
rates., The available data related to particle size in the published literature
do not permit a more direct comparxson and ca]culatzon. )

4. HOUT represents the amount of t1me spent qutdoors. Among young
children, this value varies depending on their stage of development (i.e.,,
infant, toddler, preschool), season, geographical locafion, and family
behavior. The values for a 2-year old child in Table 2 were obtained from the
lead staff paper.1 Estimates for other ages were developed by Pope,14 who
analyzed the time spent by children indoors, ocutdoors, and in motor vehicles,
with respect to season and day of week.

§. VRESP, the volume of air respired each day, is dependent on.age, body
size, lung capacity, altitude, and activity of the child. The lead staff
paper1 estimates a range of 4 to § m3 day for 2- and 3-year old children
based on various sources (ICRP,15 Nutrition Foundation,16 Phalen et a1.13).
Phalen et al. determined average ventilation rates for males and females, at
different activity levels, from birth through age 18 from graphical fits.of
published tabulated data (Altman and D1tmer1 ’ 8) The caiculations for low
activity levels were used to construct the ranges of daily ventilation rates
in Table 2 for children Q to 6 years.
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APPENDIX B

- MULTIYEAR LEAD UPTAKE PROGRAM
AND SAMPLE QUTPUTS
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= pgn BIOMINETICSS version & #%re@feas s Boss o -
: ‘ CHECET oUrEEns O CONtinUous SNooD S
Firpoarsan adasted {ram Gr. N larlev., HYL Scheol o fHedicire. 13 &3,

CELEQ(8) .C30DiL (84 . SCALE (B4 JFACTOR (S5

Sliva: -CL:{GUTXQJ

TEv&.84) ,TC{(84) ,TEBQ(34) , TL(B4) . TK(34) ,HT(84)

[ CRLURYC 34)"NIB(84) WTEO(34) ,51(34) ,CLIGU(84) WTFAC{G4)

M UFTAKE (.12, HIGHS (240,67, BUMIZM (&) . SUMYR{&) , SUMMOCE. LI
M CGROUF (&), CPORP(&)Y, SUMHI(&Y, HIGHPR(250.58). BEOMi&s)

M OTRAVEE (&1, TRAVEGE{SL: . TRLVLIS (&)

£V) DRTES: LFE = CHRF{LG) 2 LPRINT CHR$(12): CLS ’

I"g
i

£

..: \ 1: iAl B ] - " o o o S s AP S04 e s S O e A @ e = e S ¢ b et v e ie S o ae wee e o Of
Sulds
TR U BIGHINETICE
BoLzZy i Version £,0
TaEotly Calculates snd-ocf-montn blood |
T ilEy " Comcentraticns for chidrem ade w5
TaniiZr i
TaARTLI M .
: Pzt U TARWVETY TORAYE TaEpaTo)y v
A D Strategies and Alr Standard HE ATy
. FRY OTaB( 11 guimreos e o - o2 o 480 it 0 8 e 4 08 e s S S £ S8 el 4 Sl om0 08 T8 e e 308 e b e i we 4 b =
FERAMNTD P EILTEy "EFECIFICATIONG FOR THIS ANALYSISD M
FRInT YEnter name of study aresa or princigal point soarce (D0 O Hrd s
. IHFIT SRCEH °
2L FRINT "Enter nam2.of cormtrol scenario to be analvzed (inm CAPS): 32
INFUT CTRLE
INFUT “Entd? lagt vear of child exposure (4 diagits): Y. YEAR
IF YEARLS 780 OR YIEARFIFPST7 THEM PRIMT “FROGFRAM ONMLY FCR 17801 2373 iTG L

"Enter name of ineut file in WIS format: . FILEER
autiP= ==#im:tea e gammEr (L) i Lavessmie
2&M '~ﬁmm sarcEne Sati
i (S ‘“: R
SO PRI FTOL Ll s d

data 1. prodd i e et 1

s DO Lurnover scale
25, ;

+—-times
L1E5,.1138,.1358
TiI3FR(I%)s MNEXT 1% .

AR LONGE TN
el BT 4 l'.

i;<.~-.:.:.1~..lv-.-.,v

N . -
Liem O T & RE
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DUP050454355

S



o

«hu““i

e fodv weronit with

530 DATA 4.3.0.8.727.4.2,8, 3.7, 7.2.9.&. 10,104
2P0 DATAR L2 12,12 L2 03,13.13,15,14.14,14.14
70 DATA L1S5,185,15,15,14.18,16,16,17,17,17,17
TLO OATA 13,18.18.i8,18,.18.,18,18,18,18,18.13
7 DATR 19.17,17.,192.19,17.12.19,1%,17,.19.19
CaTh 21.210,81,21,21,21, 1q21.21,21 Z1.21
AT TURELRTLETLE2T,23,24,04 024024, 25,25 REM Added lins

4 q Z4d

mitohell Ca data and dividz by (37 for ash weiant

A N -
FE,00.832.7.5.8

.
30,133,

] L1i8.12G, 122812 s 183
H 15?;1&%.1 :.loa.Ib/.170. , L8O
i ,.1 B8, J. L‘., 190,132,195, Ry
i L2l 21T.213.2 2ZC

WIRDOTIND
DA = WIBOILX) /.37

hoTiR 8
: w5

MiZa T 1% .

Tio EM %%#?%ﬁ%%#%%ﬁ%§4%4%&&***%*%*%**%*%***%*********%%*%#k**&%%*%w%#

FE0 FPRINT LF$: "BEaginm czloulations for sach cchort within census brao

SREN FILEZ FOR INFUT A2 #1 .

FOR CTRACT = 1 TO 29979
OTRN

W ,T

EBlanz lin=s gracsdes age arouo dstba.

o= 33 TO O TEF -1
'Mﬁ“T #i, TRACT, LEROUF(AGY . CPOFAGY, CYEAR

TREZTE == STREITRACT) 2 PRINT LFELFT

Fa_m. L= L VS D1 IF LEN(TRACTF) 7 THEM TRALCTE = TRACTS™ "1 ~E~T L
FIINT LFTy ACTHR: LBROUP(AG)Y y CROF ARG CYERR:

VG PR = L

e e e

e

85U 1192 REM Cohort cale. for age graun =i
= w# Jubtout Tablz for | census tract

% DJutput tables reqgquired L0/11785, Hdwx
T Chm$(1&}. LF#: sy TODAY®H: 7 g MOWE

Frocess One LoRort #%fe3S3d 4Xd3ifX a3ty 281y

VE L each cabhoirt:
SHE. = G {| TEH 0414101 ‘
: M:ud i ;
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CLIBL = LO3¢2)/ (23T)
e IRL LOGIE) 7 ¢ 10#T
ALl o= L7 W o= I3

1 rD ChdMu
) «I ~1iNt2: MO% = I% - YRU#1Z2
FRINT "TRACT="3sTRACTE: * ABE GRF=":AGy " YR=":7R%: " M= 21120%:
INJECT = UFTAKE (YR% . MOX)
FRIMT " [(NJECT=": INJECT: " BLOOD=";
SOR JW= L TG 30
REM ##2 blocd #¥#
DRL.ODD INJECT + {(LOG{(2)/CLIGLITIN) »#TLIVER®GI (IT4)
OO0 = JELO0D - CELBQ(IXN: #TRLCOD - CRLLI=THRLIOD
ORLUSE = DELOOD + CEOBLVIA#TBONE + CLIBL=TOIVER +
DELOOD = DRLOCD ~ CRLUR(IZY*TBLOGD
TELUOD = TR.OOD + GORLCOD
liver s

il

TLIVER + DLIVER

fivinew HEE
= CBRiEIxTBLCG -

TEIDNEY A DRION
LrnE RERR
GLBG IR #TBLOCD — CBOBL (14 *TREONE
TESNE + DEONE

CRIBLETH IDNEY
EY

VECME =
HEXT J%
TH{AGBYH ..M = (TBLGOD/ WTEB(I%Z)) * 100: REM Conwert ua/ml to ugrdi
FPRINT USING "i#s.#8": TR(AGAU.IXS
IF I%=3I& THEN TRLVLIG&G(AGY = TB(AGL.I%)

FiEM ww % » . .
I (BMaE="N" OR GMAF="n") THEN GOTDO 1530

= 457 - 1

L]

RA=NMEYRE . THEM TREUME = TRSUME + TSWEL . s

vay THEN GOTI L7 0
SEOE AL # LTS ITHIAGY, 1K)

.m'x' = 3UMMO RLMEL) - FOPWT
n=Ta) THEN SUMMIE = SUMMIs « POPWT

4 '.”wz.xxs P HIGHE (ST YRAY Y THEN HINH&GAD T, ¥RA) = (&b, L,
FEECYRY) = SUMLEMIVRZ) ¢ TE(AGY.I/L

i
E

TREUME, 12 TREUME = O3 REM reset for nexi census Lo a
TRAVER(AGI=": TRAVGER{AG;

mu ng Ffor 7-vear =zchorts (AG=&) =%
cOTO 18890

= SUMHI(YZ? + CRIF (A #L0B (RIBH&«CT. Y2 ¥
SUMIZMIYZ) 71 2s SUHLEM(YZ; = e REH
= SBUMYR(YZ) <4 CPOGFR (A5 #LO0B (YEARAVE)
= YEARAVE

1]

=

=GR CABD

B4 ]

3r SUM = SUM  + HIGHG(OT,¥2): NEXT ¥
+ ORGP (aG: xLOG(SUM/4) : REM sumsd = avo

QL CDEOR

oS o= ZUM + HIGME(LT . v2rr MNEXT ¥ZE -
CROPIAG) =L 0G (BUM/T) 1 REM sum/T = ava

IR R RO

CELLI=TEBLOOD — CLIBL=TLIVER - 1/CLIGUIIWS #LOG (2« L /ER

{
o
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i . : .
[LFRY~0= E 2 3 . . .
+ OTRILE ' ’ :

BOKLS End-af-Month Blood Lsad Concentration saosol
v
4

L1 LPRINT YEAR: " Fop Yaar i 2 = 4 b & 7 5 ¥ i ‘1z
P 4i .
LERINT e m—m — e e e e i e e S e e e e e+ 2

FOR A = & TS O ETER ~i

LiT#gr LFRIMT USINS #34  4#3#444" s COROUP{(AGY, CROF (AT
G0 AG 7 ’

YA "'1’3.5 + ".’".' FRINT TAB(1L3: Yys: ¢ Hy

Lo ‘*Jd = MG

WERINT USING “HEE " TE(AS, 1D
[F vy < YEAR THEN GOT2 2120
IF TE(AG.I) & HIBHPE(CT.AG) THEN HIGHFE(CT.AG) = TdiAL.D)

i4 = O
<1 8 = 0 TQ S: TRFOP = TRFPOF + CPOF{AG): NEXT AG
24 _.%* Donna SBledge option:
=1 MEs="N" OR GME&E=tn") THEN BGOTO 2280

= TRFOF - CPOF{(3): REM age O not born in next-to-list vese.

=170 & )
Vi§ = LOBITRAVEIR(AG) )
et LEOFOAG: w LCEAVE
TREOF ¢ WTSUME = Jo - LE T et

X Al
1gxzcn—ma1uﬁrpu sEcmeETiric Mear
TG "dEE, 9% GECHGE:: LFRINT * uward
@v+ Oohen foabnots:

.'-5;3.3-’-11_"‘ HE S

WWOFETSe = TRPOFIS + CROF (B35

P”qum = TREUMIE + CPOFAG) #* LOGI(TRLYLI&(AE)?
onlE

= BAF(TARSUMIS/ TRAQF I
“Panuxaglonmweiuhted degmetric Mean
EING "GES.E": TREMIEA:

- i o S - ¥
* I_‘:J/ul W’

fuTa Do O s BECYIE o BRI

SUMA = TREIMA + NEITRAVEsIYZ) ) 4
uﬁﬁf4l: TRSUME = O REM reset for nmxt
zam of Annuwal &vao, Corncs. for chez

H (YEQR“&): Hatty (YEAR-Z): “=":

: Maa

¥ Durinag Years®!
IWNG " FYs TRGMAs s LFRINT " ug/dl"

Tﬁ @i FPGUME = T uUMR + LOG({TRAVEE{TZE) s NERT

X REM resst for next

~%r (YEARD;

Bl e
N

SINT P LSl
o mEXE census bract

- oz e

lead coouwrricg in' s ¥YEQAR: Y v aon
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PO N PO A \;i W33 TesT g .
LARINT SInNG vH#Hd. $'s HIGHFBICT.G) 1
IF (3=2) THEW LPRINT LFE$:

et CPRINT LFEILFE s LPRINT TARIZERZ) 'Page ' Az

suwakend UUipuh Tablaes for &ll Bé-Month Cohorits 10 Stade eroa #6280 aw

G LPRINT BERE(LZ): LFFLdE

20 LRRINT TRABILT7) “SUMMARY DATA FUOR 84~MUOMTH COMORTS v

Z2AHT0 LPRINT TITLES; LFEF;LFFILFFLF$F; TARB(IZZ): "Table 1.7

2G40 LFRINT TAE(LT) "GEOMETRIC MEAMS OF ";SD3: " BCUND ESTIMATES GF EMD-uif -MOmiid

2EDT LPRINT Tak{is: "BLOCD LEADR CONCENTRATIONS FOR ALL 8&-MOMTH COHORTS ¢ .
L LPRFINT UF$: @ TR R S RS S TS I I R T I S R I S T I ST RS D T T S S R IR A S S AR S 33 TN L MRS ST

YEAr i i

AP LPRRINT ¢ R —— - ot e it e et e St et i @ wn et cnman s o

370 8

YEAR -~ & + Y: LFRINT TAB(1Z) ¥Y: ¢ ¥

Mg o= 1 TC AR

SEWNETG = ZXFPSUMMG O M) A TSTS)

LURINT UEING "4 "y GEOMMO:

[EHE G B4
Ll LT Ty o m TR ETITREE T 2 SR T TR T S R B T S AN AR S RIS S BN LT IOSL L SR ERLLE, EOT. 2D . .

RTED LPRINT LFFill LT LAy LFRINT TAB(3IZ) "Table 2.0

270 LPRINT TaR(L2)YYEEOMETRID MEANS OF ":BD$;” BOUNMD ESTIH&ATES OF aiptial AVES
ERCH LPRINT Tapdl3d) "pLO0D LEAD COMCENTRATICOMS FOR ALL S84-MONTH IOHURTS

U540 LPRINT TAR(ZE0) =s=== sEammsn=oznEs SEER

" © Maan EBlood Lead @
YN a Ay Concertration (wg/dly ™

e
W e F

& 4 Yi LERINT TAB(RD) vyp » 3
AP CSUMYR (V) /TOTAY s LPRINT USING "###.w%: GECHY S
THENM ZUNML = SUML ¢ BEIMYR

THEE. SUMT = BUMZ » GECMYR

Fod: MEANZ = SUME / 3
{

WEFILFE; TABIZOY: (¥YY~&) =" (¥Y¥Y=Z): TQE(3IB) 1 LIDFIN: 5115 "& 4
TARCEO . ¢ (YY=2) Y= {y{i: TAB(IS)Y 51 LARIMT &8Ik "HES, 7

. { e TP Y smmatnernmm b

CHRE 121

TRE PoOnE DATA FOR S4~MONTH COHORTS®

FLTL L.

3 T3 SE0 = pXF{SUMHIYZ)/ TOTAY s MNEXT v2

LSy SRt " big 3. Qtudy frea Mearns{l) af Hionsss

Tak( * Montn Blood Lead Concentratior by Conmaoe it & e

].-i:ﬁl.:‘ { | SR PR — e o s 4 s 40 o 42 b 17 e atn s w o < eies b 0 ewmenw o e 04

Ta2 " Conart i Calendar ! Blagae! .= acd ..

Tag "1 gz {Ysarz) | Year i Concentracion {(wasul A

T;’;‘i'.: :\ i e e S et o e e et 100 4 i it St S o S v A ey TS S AT O et AR B A e i s o S 9900 s et s S b ey - s ede s g o o e % AF

uE Y;: 1 ' n: YY; 7] ¢ P -
: CYZy sy WPRINT ¢ .
TEH 0414104
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o

Y 3

~beﬁﬁA4TGT¢}. GECME = EXP (GUMME/TSTo! ) .
Table 4. Study fraa Mesansib) o [ el
indivcatore{c) v Doho i
woehart | Calandar !
SaEiYRars Years '
LP”Iﬁf 0~-= {7y (YEAR-&)5 “="i (YEAR-3 ] Vg
LERINT USING "#4#., #%: GEOMAz: LPRINT P
LARINT Tag Loy i q—& 1"y (YEAR-2)3 “-"31 YEA&AR: " "y
LPRINT USING "#i##. #%: BGEDMB:: LFRINT ¢ . Y
LERINT TAE(LG) "+ : e i S e et e e e

LERINT LF$:LFS
BEOMI6 = EXP(SUMMIS/TOTS)

1]

WERINT T%Bki?) "Fopulation-weiagntaed Geometric Mear Concentrab: an
LERINT (p Mim Z&6th month of 1ifs ="

e

LERINT LS T{EE, #Ys GEOMI&s s LPFRINT " wug/dgi. ™
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