The etfoct of analytical error on the interpretation of blood lead data obtained from population studies is
discussed. Statistical analysis of measured blood lead values reported in four representative population studies
shows over 40 percent of the variability in blood lead measurements is due to analytical error. Because of this
analytical error, a large percentags of the observed blood lead measurements which exceed a threshold limitare
*“false positives’’ in that the true blood lead values forthesa individuals do not exceed the threshold. The EPA has
suggested that the distribution of blood lead values could be used as a guide for determining the portion of a
population at risk. ““At risk’’ is-defined as having blood lead values above a certain threshold. If this is done, the
effect of analytical error which causes ‘false positives’” should be considered properly to obtain an accurate

estimate of the population at risk.
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introduction
The Environmental Protection Agency has suggested that
the distribution of blood lead values could be used as a
biological guide for determining the portion of a population
at risk as defined by blood lead levels above a certain
threshold."’ A similar guideline has been adopted by the
Commission on European Communities.”” In general,
these biological guidelines, based onm the cumulative
frequency distribution of blood lead values in a population,
enable the determination of the portion of a population
which exceeds a “specified threshold blood lead value.
- Although this approach takes into account the inherent
variability of true blood lead values of individuals in a
population, it can be misleading if it fails to consider fully
‘the impact of analytical errors on the measured blood lead
values.

The size of the analytical error in blood lead
determinations that can be encountered in a highly
experienced laboratory is shown in a recent publication.*”
In this study, a blood sample obtained from a single donor
was divided into 35 separate samples. These samples were
submitted along with other blood samples to the Kettering
Laboratory over a period of nine months. The mean
measured blood lead value was 19.13 pg/100 g with a
standard deviation of 5.72, Values ranged from 12t0 42 ug
lead/ 100 g of blood. If the extreme value of 42 ug/ 100 giis
rejected as an outlier, the coefficient of variation is 21
percent. Ifit is included, as it would be in a test where.onlya
single sample is made on an jindividual, the coefficient of
variation is above 25 percent. The Kettering Laboratory is
accredited by the American Industrial Hygiene Association,
has long experience with blood lead analysis, and has
performed well in many .interlaboratory comparisons.
Larger analytic errors have been reported in other studies'™
so errors such as these are. not uncommon, While the
presence of this analytical variability has been recognized,'®!
its effect on the biological guideline blood lead distribution
and on the proportion of individuals who will exceed a
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specified threshold has not been assessed. This paper usesa
simple analysis of variance model to show the large effect
that analytical errors can have on the blood lead distribution
and on the proportion of individuals who will exceed
commonly used thresholds.

In an effort to define the factors accounting for variation

in blood lead levels in populations, analysis of blood lead
data obtained from a number of different studies have been

compared. For these studies, ‘we have estimated the

individual-to-individual variation and the analytical error
variance components. These variance component estitates
are then used in our calculations which estimate the
percentage of individuals who ‘will falsely ‘or truly exceed
selected threshold blood lead leyels. Our calculations show
that for typical populations the percentage of “false
positives”, which are measured values that exceed the
threshold value because of analytical error, is large.

variations in measured blood lead values

The total variation in measured blood lead level for a
population contains several components — true blbod lead
variation between individuals, within-person variability
(over time) for an individual and a number of analytical
error components which includes both sampling and
measurement error. For most of this paper a simple
separation of the total variability into two components, an
analytical error component and the remainder (called the
individual-to-individual component), will suffice. The
effects of the individual-te-individual variation and of the
analytical error are schematically shown in Figure 1.

In Figure 1-A, a hypothetical but reasonable distribution
of blocd lead results for a population is shown. As blood
lead measurements arée approximately lognormally
distributed,'™® the drawings represent the distribution of the
logarithm of blood lead values. As drawn, this distributjon
includes both the variation in the true individual-to-
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Figure 1 — Effects of variability on measured blood lead levels.

individual blood lead levels for the population group and
the variation due to analytical error, In Figure 1-B, the
hypothetical distribution which only includes true
individual-to-individual variability in blood lead levels is
pictured. In Figure 1-C, the hypothetical distribution which
includes only analytical error is shown. This corresponds to
the case where a single individual is sampled and analyzed
repeatedly for lead. As shown in Figures 1-B and 1-C,
almost none of the population is above the threshold, yet
when the two effects are combined as pictured in Figure 1-A,
“false positives” occur.

estimates of blood lead variability

The percentage contribution of the individual-to-individual
variance and of the analytical variance to thetotal measured
variance was determined for blood lead values from four
major population studies. These studies were chosen as
representative of the best recent studies, using venous blood
samples, with repeat blood samples from individuals. A
need for more research to determine all components of
blood lead ‘variability is indicated as there have been few
studies in which repeat blood samples have been taken on
individuals and no studies have been carried out to
determine all components of individual-to-individual
variability, and the components of analyticalerror. The four
selected studies included a multi-city survey,”™ a
longitudinal study,” a personal air monitor study,”” and a
Southern California rural-urban study."” Results of the
analyses of variance on the studies are summarized in Table
1. The analysis of variance breakdown used to obtain Table I
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is described in detail in Appendix A. The analytical error
was over 46 percent of the total measured blood lead
variability in the four studies.

In the multj-city study, blood samples were obtained from
more than 2000 suburban housewives in 10 communities
across the United States. Duplicate samples were obtained
from about 10% of the subjects. This study also measured air
lead levels using stationary samplers, thus simulating how
an air quality standard for lead would be implemented. In
this study the value of the individual-to-individual variance
was the smallest of all studies reported; it accounted for only

TABLE |
Summary of Analysis of Variance for
Blood Lead Values from Four Studies

Component Standard Deviation

Individual-to- Analytical
Individual ‘ Error
Multi-City Survey'” 0.052 (20%)* 0.103 (80%)
Longitudinal Study™ 0.063(12%) 0.174 (88%)
Personal Air Monitor 0.097 (54%) 0.089 (46%)
Study™
Southern California 0.087 (21%) 0.169 (79%)
Study"™”
Apns ~ | Component Standard Deviation }*
*% Total Variance = [ Total Standard Deviation | x100
All analyses are carried out on log, blood lead levels.
89
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Figure 2 — True blood lead vs. measured blood lead.

209 of the total variance even through the method variance
was not excessively large. For a homogeneous group of
subjects, such as suburban housewives, the variability
between individuals will be small.

The longitudinal study was a five-year study of morethan
2000 workers from 23 locations around the United States.
Urine samples were obtained from all subjects and blood
lead samples were obtained from more than 200 individuals.
On 217 individuals blood samples were obtained in each of
- the five years. No trends in blood lead were observed over
the period of the study. Without duplicate blood samples in
a year, long-term changes in an individual's blood lead
cannot be separated from the analytical error. Thus, for this
study the analytical error is inflated by long term within-
person variability.

The personal air monitor study was conducted to
determine the relationship between air lead levels and blood
lead levels with the air lead being measured using personal
air monitors. Five groups of thirty subjects each were
monitored for a 2-4 week period. Two to eight blood
samples were obtained from each subject and each sample
was analyzed in duplicate. In three of the groups, two blood
samples were taken each week of the study. With this
sampling procedure week-to-week variability for an
individual can be separated from analytical error. The
analytical error component shown for this study does not
‘contain this within-person variability. This study shows the
smallest analytical error of all the studies. In fact, the
analytical error estimated in this study is smaller than the
measurement error shown in the Kettering Study® [where
the measurement error is one of the components of
analytical error as described in Appendix A]. To be
conservative all our calculations showing the effect of
analytical error use the variance components from this
study.
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In the Southern California study blood samples from two
populations,- an urban group and a rural group, were
obtained. The urban group lived in a housing development
close t0 a freeway (and a stationary air sampler which
monitored air lead levels) while the rural group lived in an
area of low lead exposure. While the study appeared to be
well designed and conducted, there were often’ large
differences in measured blood lead level between samples
taken from the same individual even though these blood
samples were taken only .one day apart. For this study the
analytical error was large.

estimation of ‘‘false positives'’

When blood lead levels are measured on a typical human
population, there are often individuals whose measured
values are above a thrgshold value (e.g., 40 ug/100 mL).
Repeat samples taken on these individuals usually have
blood l¢ad measurements at a much lower level — below the
threshold value. This can occur because of analytical error
or because of within-person variability (where an individual
is above the threshold at the time of measurement but is
below the threshold by the time of the follow-up sample). In
this manuscript, we evaluate the effect of analytical error,
Because of analytical error, a large percentage of the
measurements that exceed a threshold are “false positives”
in that the individual’s true blood lead level is not above the
threshold.

The occurrence of “false positives™ is schematically
illustrated by a bivariate plot shown in Figure 2 where the
measured blood lead value is plotted on the X axis and the
true blood lead value is plotted on the Y axis. The “measured
threshold limit” and *“true threshold limit™ divide the
distribution into four quadrants — “A”, “B", “C”,and “D".

“A" represents the measured values which are correctly
classified as being below the threshold value since they lie
below the measured and true threshold limits. The valuesin
“D" are correctly classified as being above the threshold
limits. The values in “B™ and “C" are incorrectly classified.
The values in “B” lie above the measured threshold but
below the true threshold limit. The values in quadrant “B”
will be incorrectly classified as being above the threshold;
these are “false positives”. In a similar manner, the valuesin
“C” will be incorrectly classified as being below the
threshold. They are “false negatives”.

' A numerical estimate of the percentage of “false positives”

can be made by using a bivariate distribution model of blood

lead values.!'" A summary of the results from such a
calculation is given in Table I1. The specific results in Table
II were derived using the variance components from the
personal air monitor study. The results from this study are
conservative in that they show fewer “false positives™ than
the other studies because the data from this study had the
smallest analytical errors. Similar results could be
calculated for any study (or for other responses besides
blood lead) when the individual-to-individual variance
component and the analytical variance component can be
determined. The description of the procedure used to obtain
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TABLE il
Estamatuon of False and True Exceedences of Blood Lead Throshold Values

Population Goomotnc Mean

{ug/100 mi) .15 20 26 30 35 40
Percent” of values observed 30 1.11 9.06 ~ 27.38 50.00
above a threshold when the ' - ' . ~
threshold is 35 0.26 3.25 13.36 30.66 60.00

40 0.06 1.1 6.06 17.14 32.98 50.00
Percent” of values which are 30 1.05 677 1276 11.80
“false positives”” when the , )
threshold is 35 0.26 2..86 8.93 13.07 11.80

40 0.06 1.06 4.91 10.41 13.19 11.80
Percent of values actually 30 0.10 3.50 20.76  50.00
above the threshold when the ' A :
threshold is 35 0.01 0.62 6.63 24.54 50.00

0.10 1.78 9.92 50.00

40 0.00

27.63

percent in Categories B and D in Figure 2.
"percent in Category B in Figure 2.
“Percent in Catagories C and D in Figure 2.

the results in Table I1 using the logarithm of the blood lead
values is given in Appendix B.

Table 1l shows that the analytical error willalmost.always
cause some “false positives” when measuring blood lead

levels in a population. When the population mean blood.

lead level is well below the threshold -value, most of the
values measured over the threshold will be falsely
categorized. For example, in.apopulation with a true mean
blood lead level of 25 pg/ 100 mL (the upperend of the range
for the average blood lead level in typical populations'"),
and athreshold value of 40 ug/ 100 mL, Table 11 shows that
6.06 percent of the individuals will be measured to be above
the threshold. However, 4.91 percent of the population (81
percent of these individuals) will be “false positives™ as their
true blood lead is below 40 gl 100 mL.

The percentage of “false positives” increases as the
population mean decreases for a given-threshold value,
although the absolute number of individuals classified
above the threshold decreases. If a group has its mean near

the threshold limit, an opposite problem occurs. In this

group there can be many individuals whose measured blood
lead is below the threshold limit while their true blood lead
level is above the threshold. These would be “false
negatives”,

example of ‘“false pOSItIVB""

To illustrate how analytical error. can account for the
difference in the number of individuals above a threshold
between the original sample and the follow-up sample, we
will use the data from a recent survey in Pittsburgh that
measured blood lead levels in children.!"” In this study a
representative sample of housgholds from the metropolitan
Pittsburgh area was surveyed for levels of lead in paint and
dust in homes. Following this survey, blood samples were
requested from children in households having children aged
7 or younger. While not all households complied with the
request, the complying households had higher lead content
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in dust and paint'than the noncomplying households. Four
‘hundred fifty-six children were sampled. The average of the
456 blood lead values was 21.9 (median 21.0) and the
standard deviation was 7.9. Fifteen children (3%) showed
blood lcad values above 40 on the first sample. A resample
'was requested for these children. Fourteen of these 15
children -were found for a resample. Most children were

. TABLE Il
‘Blood Lead Values for 15 Out of 456 Children in
Pittsburgh Study Whose Initial Blood Lead Values
Were Greater Than 40 xg/100 mL

Measured 8lood Pb (ug/1 00 mL)

Predicted

First Second Third Biood Pb*
~Child Sample Sample Sample  {ug/100 mb)
1 45 26 32 31
2" 73 73 75 41 38
3 42 35 31 30
4 43 - 27 31 30
5 45 38 32 31
6 41 28 30 29
7 46 34 32 31
8 42 38 31 30
9 47 35. 33 31
10 69 28 37 35
11 42 19 31 30
12% 43 Could not be located. 31 30
13 40 21 30 20
14" 50 48 43 34 32
15 41 32 30 29
RMS" 16.1 6.3 6.1

2.

*First column — Regression caused by analytical variability; Second
column — Regression caused by analytical variability and within-
peison variability.

"Not used in RMS .ca.l_cula,tion.
“RMS Root Mean Square Difference from second sample.
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resampled within one month of the original sample. There
was no attempt to change exposures between the original
sample and the resample. In the resample, 2 of the 15
children remained above 40 while 12 dropped below. These
results are shown in Table III. The very high value was
obtained from an eight-year-old being treated for lead
poisoning.

Using the regression equation shown in Appendix C, we

can predict the blood lead levels for individuals in the

Pittsburgh study whose initial blood lead was above 40. The
regression has two causes; the first is analytical error, and
the second is within-person variability (as the blood lead
level could be above the threshold at the time of the original
measurement but below the threshold by the time a resample
istaken). In Table I1], we show the results of two regression
calculations. One considers only the regression effect due to
analytical error while the second gets slightly better
predictions as it predicts the combined regression caused by
both effects. The blood lead values predicted using the
regression equations are much closer to the resampled blood
lead values than are the initial sample values. The good
agreement between the predicted and the résample blood
lead levels shows the validity of the calculation of “false
positive” percentages (Table II).

In summary, we have shown that the percentage of blood
lead values measured to be above a threshold will usually
overestimate the percentage actually above the threshold.
For typical populations, the percentage of “false positives”
will be substantial. A numerical estimate of the extent of

“false positives” has been given along witha predictor thatis

a better estimate of a confirmatory blood lead reading than

_ is the original reading.

The existence of false positives depends only on the fact
that the total observed variability is bigger than variability
in the true values due to the presence of analyticalerror. The
Analysis of Variance model used here is more general than
the classification models used elsewhere® as it shows how
the classification probabilities change with changes in
population mean level and with the threshold level. Thus,
the approach illustrated here is appropriate for any
quantitative variable.
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APPENDIX A

Estimates of the total variance and the components of the
total variance for blood lead values were obtained for four
studies using a standard hierarchical analysis of variance.'*!
As the distribution of blood lead value is approximately log
normal,'” all results are developed on a logio scale. The
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variance components for these studies are discussed in this
appendiX.

Consider a study where:

g = number of groups
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TABLE A-1
Analysis of Variance 3
' Degrees of  Variance
Source Number Freedom Component
Groups g g-1 Odraubs
Person-to-Person n gin—1) Ojerson
Within-Person t gn(t-1) Githin-person
Sampling s gnt(s—1) Campling
Measurement m gnts{m—1)  Gheaswoment
ol - :2 + (fmucemm
) m
n = number of individuals (per group)
t = number of sampling times (per individual)
r = number of samples (per sampling time)
d = number of determinations (per sample)
2.

I

o“ = variance component

The data from such a study could be analyzed using the
analysis of variance, shown in Table A-l1. Even more
extensive breakdowns could be considered. For example,
the measurement- variance component could be further
broken down by considering the component parts of the
measurement error, such as the operator-to-operator error
and the instrument-to-instrument error. Data to make this
more comprehensive breakdown is seldom available.

In the analysis of variances shown in Table A-1, the
analytical error contains two components, a sampling
component and a measurement component as shown by the
following formula:

a = g4 + o2 /m

In most screening studies only a single measurement is made
on each sample (m=1), When this occurs, the sampling
variance component and the measurement variance

component cannot be estimated separately; only the total
analytical error can be estimated. Our estimate of the effect
of analytical error will assume that a single measurement is
made on each sample, so for our calculations

o Loz g +fl’2

Generally,; enough samples are not taken to estimate all the
variance components shown in Table A-1. For example, ina
study in which each individual is sampled on two occasions
and each sample is measured once, only two variance
components can be estimated. These two components are:

I) \bgcnon + (k) O'zvlthln-_pusnn
2) the sum of (1 ~Kk) oitinpe

In this formula, the k value which multiplies the within-
person variance component is a number between-Oand 1. If
the two samples from an individual are taken close together,
k will approach one; however, if there is a long time between
samples then k will approach zero.

In this latter case, if the second component is interpreted
as analytical error, it will be inflated as it contains much of
the within-person variability.

When only a single sample is taken from an individual,
but duplicate determinations are made on the blood sample,
Olessurerene €an be estimated, However, the total analytical
error cannot be estimated as no estimate of sampling
variability can be obtained. In this case the measurement
error may be (falsely) reported as the total analytical error.
This causes the precision of the study to be overestimated.
To estimate the analytical variability, more than one sample
must be taken from an individual. Table A-2 summarizes
analyses of variance for blood lead values from four studies

+ Glimpiing + 02

P

for which multiple samples were taken from individuals, In

the longitudinal study® the repeat samples from an
individual were taken a year apart. For this study, the
within-person variability is combined with the analytical
error causing an overestimate of the analytical variability.

TABLE A-2 o
Analysis of Variance for Blopd Lead Values from Four Studies
‘ COmponept Stapdqrd Deviation . Geometric
Individual-to- Analytical Total Standard
Study ‘Individual Error » Deviation
Multi-City Survey” 0.0521 (20)"  0.3030(80) 0.1164 1.30
Longitudinal Study™ 0.063 (12) 0.174 (88) 0.185 1.53
Personal Air Monitor 0.0872 .(67) 0.0688 (33) 0.1191 1.32
Study" 0.0972" (54) =~ 0.0889 (46} 0.1317 1.35
Southern California 0.0871 (21} 0.1 689 (79) 0.1800 1.65
Study'!” 0.0784"(18)  0.1662(82) 0.1838 1.53
AComponent Standard Deviation = (Veriance Component)' *
Mralues in parentheses are % Total Variance = M
_Component Standard Deviation | *
[ Total Standard Deviation %100
“Modified oinawicat -Obtained from duplicates (see Equation (1)).
Peleted six outlier blood lead values.
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TABLE A-3

Personal Air Monitor Study Analysis of Variance Table

Variance
Degrees of  Variance Component
‘Source Freadom ~ Component Estimntes
Group 4 0.00893  Ojrow
Person 145 0.00854  Gjersan
Sampling Time 195 0.00090  ghitun-person

Analytical 194 0.00474  Gismaling + Greasurement/2

When single readings are made
Ginaiytical = Glamping + 0 = (0.0889)"
ﬂi‘mviwal = lﬁ‘)erson + d’:vschm-gernon = 0.00944 = (0.0972):

Gloal = Ghaviavat + Oinayncss = (0.0972) + (0.0888)° = (0.1317)

For the other three studies described, duplicate samples
were taken much closer together (so k = 1). For example, in
the Southern California -study’” which had the largest
percentage analytical error, duplicate samples were taken
one day apart.

In the four studies summarized in Table A-2, a
component estimating group-to-group differences was-also
obtained as each of the studies was made on more than one
group. This component which accounts for differences
between groups was not reported as part of the individual-
to-individual variance.

APPENDIX B
calculation of bivariate lognormal
distribution probabilities

The relationship between measured blood lead and true
blood lead values can be described by a bivariate lognormal
distribution (a bivariate normaldistribution using log blood
lead values).

Five parameters are required todescribe this distribution:

w, = the mean of the true blood lead values

U = the mean of the measured blood lead values
g = the true variance in blood lead values
o3 = the variance in measured blood lead values

i

the correlation between measured and true
blood lead values

The means of the true and the measured blood lead values
are considered to be the same; they are equal to the
population mean. A bias in the measurement could easily be
accounted for by adjusting the mean levels. The true blood
lead variance.o? is estimated bY o5non + Ohaninperon Which for
the personal air monitor study is (0.0972)2. The variance in
measured blood lead levels (o) is estimated by 0% which is
(0.1317)°. The correlation (p) is:

9%

In the personal air monitor studies,” two blood samples
were taken from most individuals during each week of the
study. Thus, for this study it was possible to separate the
week-to-week within-person variability from the analytical
error. Table A-3 shows the detailed analysis of variance for
the personal air monitor study.

In the personal air monitor study, duplicate
determinations were carried out on each blood sample. Only
the average of duplicate determinations was used in the
analysis since the values of the individual determinations
were not available, In the analysis, therefore, only the sum of
ol and o /2 could be estimated. The following
equation was used to estimate the analytical error which
‘would be obtained if only single determinations were used:

ion) T Oines 12

2 -l
O lical {single = Canagyticat

For this study:
Olatytiat g derminationy = 0,00474 + (0.0795)*/2 = (0.0889)°

“The value of (0.0795)° for oheasuremens Was obtained from an
AIHA study.”*'® This modification was used to make the
personal air monitor study consistent with the other studies
which used only single determinations.

The analytical variability for the personal air-monitoring
study is the smallest of all four studies considered. In fact,
the analytical error for the personal air-monitor study is
smaller than the sampling error found in the Kettering Lab
study.”’ Had the estimate of false positives used the variance
components from-any of the other studies, the percentage.of
false positives would have been greater.

= . Cov.aﬁén,ce (XY)
P [Variance (X) Variance (Y)]"

2
[ L]

fonXal"  om

it

p-

Thus our estimate of p is

. 0.0972
P 01317

= 0.738
The probabilities in Tables 11 and B-1 were obtained by first
calculating Z; and Z, where:

lgg'(’true threshold value) — log u
o

Z =

log (measured threshold value) — log um_

Om

Z, =

Note that the measured threshold value and the true
threshold value need not be equal.

Values of Z; and Z; were used with normal probability
tables to determine the probabilities in quadrants A+ C, B+
D, A + B, and C + D. (These refer to quadrants shown in
Figure 2.) The probability in quadrant D was obtained from
tables of the bivariat¢ normal distribution™" using Zi, Z:
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TABLE B-1 S
Estimation of False and True Exceedences of Blood Lead Threshold Values

% Values % Positives
Population Threshold for Observed Which Are
Geometric . . Above False % True
Mean Blood "slj‘:%’:f“:) Bivana:e .Distr:;wtion Measursd Positives, Exceedences
Lead p/00my) porcent Threshold, 1008 of Threshold,
{ug/7100 mL} Meas. True A B** c D (B+D) (B+D) (C+D)

15 30 30 9885 105 004 0.06 111 95 0.10

20 89.73 6.77 1.21 2.29 9.08 75 3.50

26 6649 1276 613 14.62 27.38 47 - 20.76

30 38.20 1180 11.80 3820 50.00 24 '50.00

15 30 35 28.89 1.11 0.00 0.01 1.11 100 0.01

20 90.86 853 008 0.53 9.06 94 0.62

25 7179 2159 083 5.79 27.38 79 6.62

30 4742 2804 258 21,96 50.00 56 24.53
35 2643 2358 4.3 45.87 69.44 34 50.00
15 35 36 99.74 026 0.00 0.00 0.26 100 0.01

20 96.54 286 023 0.39 3.25 88 0.62

25 84.44 893 221 442 13.36 67 6.63

30 6239 1307 705 1749 30.56 43 2454

35 38.20 1180 11.80. 3820 50.00 24 50.00

16 30 40 98.89 111 0.00 0.00 1.11 100 0.00

20 80.94 886 0.00 0.09 9.06 99 0.10

25 7264 2568 008 1.71 27.38 94 1.78

30 4963 4044  0.37 9.56 50.00 81 9.92

35 29.72 4274 084 2670 69.44 62 27.54

40 16.94 3404 119 . 4882 82.86 41 50.00

15 35 40 99.74 0.26 0.00 0.00 0.26 100 0.00

20 96.74 317 002 0.08 3.26 88 0.10

25 86.36 1186 028 1.50 13.36 89 1.78

30 6804 2204 140 8.52 30.56 72 9.92

35 46.70 2577 330 24.23 50.00 52 27.52

40 28.12 2189 488 4513 67.02 33 50.00

15 40 40 99.94 0.06 0.00 0.00 0.06 100 0.00

20 98.85 1.05 004 0.06 1.11 85 0.10
26 93.31 4.91 0.64 1.15 6.06 81 1.78
30 79.67 1041 3.20 673 1714 81 9.92

35 659.27 1318 774 1979 32.98 40 27.53
3820 11.80 11.80 50.00 24 §0.00

38.20

*A - Values correctly classified as befow threshold.
B - Values incorrectly classified as above threshold.
C - Values incorrectly classified as below threshold.
D - Values correctly classified as above threshoid.

** . 9 False Paositives for the Measured Thrashoid.

and p. (Actually, a computer program that followed the
above procedure was used, as interpolation would be
required in the tables.) Once the probabilityin quadrant D is
known, the probability in all quadrants can be calculated.

In Table B-1, the four classification probabilitics of the

APPENDIX C

prediction of blood lead values for

repeat biood samples

The value of a follow-up blood lead sample can be predicted
using the following regression equation which estimates the
statistical phenomena of “regression toward the mean®.
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bivariate distribution are presented for different population
mean and assumed threshold blood lead values. Inaddition,

the last three columns present the percent of values observed

above a threshold, (B + D), the percent positives which are

“false positives”, (B/(B + D) X 100), and the percent

exceedences of the threshold, (C + D).

Individuals whose measured blood lead levels are above a
threshold will either be those who have positive analytical
errors or those who have high true blood lead levels at the
time measurements are taken. When only these individuals
are resampled, the resample will tend to be lower because
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positive analytical errors will occur less often or because the
individual’'s blood lead may have dropped in the time
between the original sample and the resample. Using the
estimated variance components from the personal air
monitor study we will estimate the regression effect caused
by analytical error and the regression effect caused by the
combined effect of analytical error and within-person
variability. The regression calculation enables one to makea
good prediction of the resample blood lead value.

The regression equation has the form
log Y = logu+ B(log X — log u) (1)

where:

Y = the predicted blood lead value for the repeat
blood sample

X = the original blood lead reading

u = the geometric mean of the population (assumed
to be 21 for the Pittsburgh study)

B8 = regression coefficient

96

For the personal air monitor study the regression
coefficient is:

s .
= e _ 000854 _ o .

LA o013 4%

for the regression equation that includes both the effect of

analytical error and the effect of within-person variability

and

000944

‘ — gicunn + D?vlth‘m-pcmun
= = - = 0.544
B Clotal 0.01734

for the regression equation that includes only the effect of
analytical error
ot = the total variability (for single
samples) = (0.1317)
O%non = person-to-person variability = 0.00854
Ghininpeson = the within-person variability = 0.00090

The variance component values from the personal air
monitor study that were used as the analytical error could
not be estimated from the Pittsburgh data .as there were no
duplicate samples.
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