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. The effect 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 percentage of the observed blood lead measurements which exceed a threshold limit are
“false positives’’ in that the true blood fead values for these individuals do notexceed the threshold. The EP A has
suggested that the distribution of blood lead vailues could be used as a guide for determining the portion of a
population at risk, At risk”" is defined as having biood lead values above a certain threshold. If this is done, the
effect of analytical error which causes ‘‘faise positives’’ should be considered properly to obtain an accurate

estimate of the population at risk.

Effect of anélytica! variability on measurements of

population blood lead levels

JAMES M. LUCAS. Ph.D. Consultant

£.1. Du Pont de Nemours & Company, Inc., Witmington, DE 19898

introduction

The Environmental Protection Agency has suggested that
the distribution of blood lead values could be used as a
btological guide for determining the portion of a population
at risk as defined by blood lead levels above a certain
threshold.'” A similar guideline has heen adopted by the
Commission on European Communities.'™" In general.
these biological guidelines. based on the cumulative
frequency distribution of blood Icad vatucs ina population,
enable the determination of the portion of a population
which excceds a specified threshoid blood lcad value.
Although this approach takes into account the inhcrent
variability of true blood lead values of individuals in a
population, it can be misleading if it (ails to consider (ully
the impact of analytical errors an the measured hlood lead
values.

The size of the analvtical error tn blood tecad

determinations that can he encountercd 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 ug/100 g with a
standard deviation of 5.72. Values ranged from 12 to 42 ug
lead 100 g of blood. If the extreme value of 42 pg/ 100 g is
rejected as an outlier. the cocfficient of variation is 21
percent. If it is included. as it wouid be in a test where only a
single sample is made on an individual. the coefficient of
variation ts 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. Whilc 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

specified threshold has not been assessed. This paper uses a
simple analysis of variance model to show the large effect
that analyticalerrorscan have on the bload lead distribution
and on the proportion of individuais who witll exceed
commonly used thresholds.

In an effort to define the factors accounting for variation
in blood lead levels in populations, analvsis of blood ltead
data obtained from a number of diffcrent studies have been
compared. For these studies, we have cstimated  the
individual-to-individual variation and the analytical crrog
variance components. These variance component estimates
are then used in our calculations which estimate the
percentage of individuals who will falsely or truly exceed

. sclected threshold hlood lead tevels. Our calculations show

that for typical populations the percentage of “false
positives”, which are mecasured values that exceed the
threshold value because of analytical error. is large.

variations in measured blood lead values

The total variation in measurced blood lead level for o
population contains several components — truc hlood Tead
variation between individuals, within-pcrson variahilits
{over time) for an individual and a number of analytical
crror components which includes hoth sampling and
measurciment crror. For most of this paper a simple
separation of the total variability into two componcents, an
analytical crror component and the remainder {called the
individual-to-individual component), will sufficc. I he
cffects of the individual-to-individual variation and of the
analytical error are schematically shown in Figure [,

In Figure 1-A, a hypothetical but reasonable distribution
of bload Icad resuits for a population is shown. As blood
lead measurements are approximately lognormaliy
distributed.'"" the drawings represent the distribution ol the
logarithm of blood lead values. As drawn, this distribution
includes both the variation in the true individual-to-
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Figure 1 — Effects of vaniability on measured blood iead levels.

individual blood lead levels for the population group and
the varution due to analytical error. In Figure i-B, the
hypothetical distribution which only includes true
individual-to-individual variability in blood icad levels is
pictured. In Figure |-C, the hypothetical distribution which
cludes onty anatytical error s shown. This corresponds to
" the case where a single individual is sampled and analyzed
repeatedly for lead. As shown in Figures [-B and 1-C,
atmost none of the population is above the threshold, yet
when the two effects are combined as pictured in Figure t-A,
“talse positives™ oceur.

estimates of blood lead variability

The percentage contribution of the individual-to-individual
variance and of the analytical variance to the total measured
variance was determined for blood fead values from four
major population studies. These studies. were chosen as
representative of the best recent studies, using venous blood
sampies, with repeat blood samples from individuals, A
need for more research to determine all components of
blood lead vaniability is indicated as there have been few
stuchies in which repeat blood samples have been tuken on
individuitly and no studies have been carried out to
determine all components of individual-to-individual
vanabitity, und the components ol analytical error. The lour
selected studics included a multi-city survey,'’ a
tongnudinal study,”™ 4 personal air monitor study.” and a
Southern California rural-urban study.™ Results of the
anulyses of variance on the studies are summurized in Table
P heanafysis ot virience breshdow n used to obuin able )

is described in detall in Appendix A. The analytical crror
was over 46 percent of the total measured blood lead
variability in the four studies.

In the muiti-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 107 of the subjects. This study also measured air
lead levels using stattonary sampiers, 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 tor only

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

Component Standard Deviation

Individual-to- Analytical
{ndividuat Error

Multi-City Survey' 0052 {20%)* 0 103 (80%)

Longitudinat Siudy™ 0063 (12%} 0174 (88%)

Personat Air Monitor 0087 (54%) 0.089 (464
Stuuy

Southern Cabtornia 0169 {79%)

0087 (21%)
Study .

Component Standard Dewal-on] 100

*% Total Variance =
o Total Variance [ Totat Standard Devigtion

Alt anglyses ore varmed vul on loy  bluod ledd levels
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207 ot the totad variance even through the method variance
wis not cxcessively large. For a homogencous group of
subjects. such as suburban housewives. the variability
between individuals will be small. .

 The longitudinal study was a five-year study of more than
2000 workers from 23 locations around the United States.
Urine sampies werc obtained from all subjccts and blood
lcad samples were obtained from more than 200 individuals.
On 217 individuals blood samples were obtained in each of
the five vears. No trends in blood lead were observed over
the period of the study. Without dupiicate blood samples in
a vear. long-term changes in an individual's blood lead
cannot he scparated from the analytical error. Thus, for this
study the apalytical error is inflated by long term within-
person variability.

The personal air monitor study was conducted to
determine the relationship between air Iead levels and blood
lead levels with the air lead being measured using personal
air monitors. Five groups of thirty subjects cach were
monitored for a 2-4 week period. Two to eight blood
samples were obtained from each subject and cach sample
was analyzed in duplicate. In three of the groups. two blood
samples were taken each week of the study. With this
sampling procedure weck-to-weck variability for an
individual can be separated from analytical error. The
analytical ¢rror componcent shown for this study docs not
contain this within-person variability. This study shows the
smallest analvtical error of all the studies. in fact. the
analvtical error estimated in this study is smaller than the
measurcment 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 ali our caiculations showing the effect of
analytical error use the vartance components {rom this
study.

%0

i - ™

In the Southern California study blood samples from two
populations, an urhan group and s rural group. were
obtained. The urban group lived in a housig des clopment
close to a freeway (and a stationary air sampior which
monitored air lcad levels) while the rurad group hived i an
arca of low lcad cxposure. While the study appeared to be
well designed and  conducted. there were often farge
diffcrences in measured hlood tead level between samples
taken from the samc individual even though these blood
samples were taken onlv one day apart. For this study the
analvtical error was large.

estimation of ““faise positives’’

When blood lead levels are measured on a tvpical human
poputation. there are often individuals whose measured
values are above a threshold value (¢.z.. 40 ug 100 mi).
Repeat samples taken on these individuals usually have
blood lead measurements at a much lower level — helow the
threshold value. This can occur because ol analvtical error
or because of within-person variability (where an individual
is above the threshold at the time of mcasurcment but s
below the threshold by the time of the follow-up sample). In
this manuscript. we evalvate the effeet of analytical error,
Because of analytical crror. a large percentage of the
mecasurements that exceed a threshold are “false positives”
in that the individual's true blood lIead level is not above the

“threshold. o

The occurrence of “false positives™ s schematically
illustrated by a bivariatc plot shown in Figure 2 where the
measurced biood lcad valuc is plotted on the X axis and the
true blood lcad valucis plotted on the Y axis. The “meusured
threshold limit™ and “truc threshold limit™ divide the
distribution into four quadrants — “A™. “B" ~“C". and "D".

“A"” represents the measured values which are correctly
ctassificd as being below the threshold value sinee they lic
helow the measured and true threshold limits. 1'he valuesin
"D are correctly classificd as being above the threshold
limits. The valucs in “B™ and “C™ are incorrectly classificd
The values in “B” lic above the mcasured threshold but
beiow the truc threshold {imit. The values in quadrant "B
will be incorrectly classified as being above the threshold:
these are “faise positives”. In a similar manner, the values in
“C" will be incorrectly classificd as being below the
threshold. They are “(alse negatives™.

A numerical estimate of the percentage of “false positives™
can be made by using a bivarate distriibution model ot blood
lcad vaiues.'” A summary of the results trom such a
calculation is given in Table 1], The specific results in Tahle
Il were derived using the variance components from the
personal air monitor study. The results from this study arc
conservative in that they show fewer “faise positives™ than
the other studics becausc the data from this study bad the
smatlest analytical errors. Similar results coutd be
caiculated for any study (or for other responses besides
blood lead) when the individual-to-individual varsance
component and the analytical variance component can be
determined. The description of the procedure used to obtain
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TABLE il

Estimation of False and True Exceedences of Biood Lead Threshold Values

Popuiation Geometric Mean

{ug/ 100 mL) 15
Parcent’ of values observed 30 11
apove a3 threshold when the
threshold is 38 026

40 006
Percent” of values which are 30 105
‘talse positives” when the
threshold 1s 35 0.26
a0 008
Percent’ of values actually 30 010
above the threshold when the
threshold is 35 001
40 0.00

20 25 30 35 40
906 2738 5000

325 1336 3056 5000 -
B! 506 1714 3298 5000
677 1276 1180

286 893 1307 1180

105 494 10 41 1319 1180
350 2076 35000

062 663 2454 5000

010 1.78 992 2753 5000

‘Percent in Categories B and D in Figure 2.
"Percent in Category B n Figure 2.
' Percent in Categories C and D in Figure 2

the results in Table 1Y using the logarithm of the blood lead
values is given in Appendix B.

Table [ shows that the analyiicat crror will almost 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 a population with a trite mean
blood lead level of 25 ug/ 100 mL. (the upper end of the range
for the average blood lead level in typical populations'’).
and a threshold valuc 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 (8!
percent of these individuals) will be “false positives™ as their
tric blood lead is below 40 ug/ 100 mi..

The pcrcentage of “false positives” increases as the
popuilation mcan decreascs for a given threshold value,
although the absolute number of individuals classified
above the threshold decreases. Il a group has its mcan near
the threshold limit. an opposite problem occurs. In this
group there can be many individuals whose measured biood
Icad is below the threshold limit while their truc blood fead
level is above the threshold. These would be “false
negatives™.

example of “false positives”’

To tllustrate 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 usc the data from a recent survey in Pittsburgh that
measured blood Icad levels in children.!’™ In this study a
representative sample of households from the metropolitan
Pittsburgh arca was surveved for levels of lead in paint and
dust in homes. Following this survey, blood samples were
requested from children in houscholds having children aged
7 or younger. While not all households complied with the
request. the complying households had higher iead content

American Industna’ Hygrene Associalion JOURNAL (42) 2/81

in dust and paint than the noncomplying houscholds. Four
hundred flifty-six children were sampled. The average of the
456 blood lead values was 21.9 (median 20.0) and the
standard deviation was 7.9. Fifteen children (3¢7) showed
blood lead 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 11t
Blood Lead Values for 15 Qut of 456 Children in
Pittsburgh Study Whose Initial Biood Lead Values
Were Greater Than 40 g/ 100 mL

Measured Blood Pb (ug/100 mil)

e - Predicted
First Second Third Blood Pb
Child Sample Sample Sample (g7 100 mb)
1 45 26 32 31
2" 73 73 75 43 39
3 a2 35 31 30
4 a3 27 3 30
5 45 38 32 31
6 a4 28 30 29
7 46 34 32 31
8 42 38 3t 30
9 a7 35 33 N
10 59 28 37 35
1" 42 19 K3l 30
12" 43 Could not be located 31 30
13 a0 21 30 29
14" 50 48 43 34 32
- 41 32 30 29
RMS' 16 1 63 63

‘First column - Regression caused by analytical varabiity: Second
column - Regression caused by analytical variability and within-
person variability,

"Not'used in RMS calcuiation
‘RMS Root Mean Square Difference from second sample

9t
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resampled within one month of the original samplc. T}?crc
was no attempt to change exposurcs between the original
sample and the resample. In the resample, 2 of the 15
children remaincd ahove 40 whike 12 dropped helow. These
results are shown in Table [ The very high value was
obtained from an cight-vear-old hci.ng treated for lead
poisonmg

U'sing the regression equation shown in Appendix C. we
can predict the blood lead levels for individuals in the
Pittsburgh study whose imual 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
measurcment but below the threshold by the time a resampie
istaken). in Table Hi. we show the results of two regression
calculations. One considers only the regression ctfect due to
analytical crror white the second gets slightly better
predictions as it predicts the combined regression caused by
both cffects. The blood lead values predicted using the
regression equations are much closer to the resampled blood
lcad values than are the initial sample values. The good
agreement between the predicted and the résample blood
lcad levels shows the validity of the calculation of “false
positive™ percentages (Table 11).

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 threshoid.

For typical populations. the percentage of “false positives”
will be substantial. A numertcal estimate of the cxtent of
“false positives™ has been givenalong with a predictor that is
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 duce to the presence of analytical error. 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
popuiation 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
studics using a standard hierarchical analysis of variance.'"
As the distribution of blood lead value is approximately log
normal.”" all results are developed on a logi scale. The
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variance components for these studies are discussed in this
appendix.

Considcr a study where:

g = number of groups
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TABLE A-1
Analysis of Variance
Degrees of Variance

Source Number Freedom Component
Groups 9 g-1 e
Person-to-Person n gin -1} T e
Within-Person 1 gnit 1) ponterns s
Samphng s gnif{s 1} g
Measurement m GRISIM = 1) ey
Aaanaegal T lli;unuhun p e

m

n = numher of individuals (per group)

t = number of sampling times {(per individual)
r = number of samples (per sampling time)

d = numbecr of determinations (per sample)

@ = variance component

The data from such a study could be analyzed using the
analysis of variance. shown in Table A-i. Even more
extensive breakdowns could be considered. For example.
the mecasuremenst variance componcent could be further
hroken down by considering the component parts of the
mcasurement ¢rror. such as the operator-to-opcrator error
and the instrument-to-instrument error. Data-to make this
morc comprehensive breakdown is seldom available.

In the analysis of variances shown in Table A-l, the
analytical error contains two components, a sampling
component and a measurement component as shown by the
folowing {ormula:

Danabtnal = Osamphae T OTmeasarement | M

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

component cannot be estimated separatels: only the total
analvtical crror can be estimated. Our extimate of the effect
of analytical error will assume that a single measurement is
made on cach sample, so for our calcutations

. N .
Dt = Toamotne ¥ O i e

Generally. cnough samples are not taken to estimate all the
variance components shown in Table A-f. Forexample.ina
study in which each individual is sampled on two accasions
and cach sample i1s mcasured once. only two variance
components can he estimated. These two components arc

1) 0him F (k) Gt o

2) the SUM of (1 = K} Foummn mromn F Blomnone + e o oo,
In this formula, the k value which multiplics the within-
person variance component is a number between O and 1. If
the two samples from an individual arc taken closc together.
k will approach anc: hawever. if thereisalongtime between
samples then k will approach zcro.

In this latter case. if the second componceunt 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.
Tmearemen €20 be cstimated. However, the total anatytical
error cannot he cstimated as no espimate of sampling
variability can be obtained. In this casc the measurement

error may be (falscly) reported as the 1otal analytical crror.

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. Tabic A-2 summarizes

analyses of vaniance for hlood Icad vaiues from four studies
for which multiple samples werc taken from individuals. In
the longitudinal study™ the repeat samples from an
individual were taken a year apart. For this studv. the
within-person variability is comhined with the analytical
error causing an overestimate of the analytical variability.

TABLE A-2
Analysis of Variance for Blood Lead Values from Four Studies

Component Standard Deviation®

Geometric

Individual - to- Analytical Yotal Standard

Study Individual Error Deviation
Multi-City Survey'” 0.0521 (20)* 0.1030 (80) 0.1154 1.30
Longitudinal Study™ 0063 (12) 0.174 (88) 0185 1.53
Personal Air Monitor 00872 (67) 0.0688 {33) [sRRE:]] 132
Study™ 00972' {54) 0.0883 (46) 01317 1.35
Southern Catifornia 0.087t (21) 0.1689 (79} Q 1900 155
Study'™" 0.0784" (18} 01662(821 01838 153

‘Component Standard Dewiation = {Variance Component)’ *

"Values in parentheses are % Total Variance =

[ Component Standard Dewiation ] i 100

Total Standard Dewviation

‘Modified o obtained from duplicates {see Equation {1}

"Deleted six outiier blood lead vaiues.

Amencan Industrial Mygiene Associabon JOURNAL (42) 2/81
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TABLE A-3
personal Air Monitor Study Analysis of Variance Table
Variance
Degrees of  Variance Component
Source Freedom Component Estimates
Group 4 000893 e
Person 145 0 00854 .. .
Samphing Time 19% Q00090 s cwren
Analvtical 194 000478  rcapnry F Doencncmments 2

When single readings are made

' = {0 0B89)

- 000944 T (00972

(0 0872) +{0.0889) =~ {0.1317)

Mt ety F

For the other three studies described. duplicate samples
were taken much closer together (so k = ). Forexample. in
the Southern California study''™ which had the largest
perccntage analytical error. duplicate samples were taken
one day apart.

In the four studies summarized in Tablc A-2. a
component estimating group-to-group differences was also
obtained as each of the studies was madec 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

caiculation of bivariate lognormal

_ distribution probabilities
The rclationship between measured blood icad and true
blood lead valucs can be described by a bivariate lognormal
distribution (a bivariate normal distribution using log blood
lead vatues).

Five parameters are required to describe this distribution:

u, = the mean of the true biood lead values
um = the mean of the measured blood lead values
a1 = the true variance in blood lead valucs

7w = the variance in measurcd blood lead values

p = the corrclation between mcasured and true
blood lcad values

The means of the true and the measured blood lcad values
are considered to be the same; they are cqual to the
population mcan. A bias in the measurement could easily be
accounted for by adjusting the mcan levels. The true blood
lead variance o} is estimated BY i + 0dunnprne Which for
the personal air monitor study is (0.0972)°. The variance in
measured blood lead levels (o5} is estimated by ol which is
(0.1317)). The correlation (p) is:

L)

In the personal air monitor studies. " twa hlood <amples
were taken from most individuals during cach week of the
study. Thus, for this study it was possible to scparate the
week-to-week within-person variability from the anulyviical
error. Table A-3 shows the detatled analysis of variance for
the personal 2ir monitor study.

In the personal air monitor study. duplicatc
determinations were carried out on cach 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 sumof
Uf»mplmg 2and Gmesuremen+ 2 could be estimated. The lollowing
equation was used to estimate the analvtical error which
would be obtained if only single determinations were used:

Tinasin al 1vagle deteemmarion) = Of:n.m,.. S Ehiptn e detcemmanon = G e e 2 (1)
For this study:
Ginshinot angle determmmn = 0.00474 + (0.0795) 2 = (0.088Y)

The value of (0.0795)° fof Gmeswremen: Was obtained from an
ATHA study.”*'™ This modification was used to make the
personal air monitor study conststent 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 crror found in the Kettering f.ab
study.""Had the estimate of false positives used the variance
components from any of the other studies. the percentage of
false positives would have becn greater,

____Covariance (XY)

p= 1{/ari:1né;(§¥_\}ariancc (\b})[“T
01‘ D1
p = e = -

fon X ai)* O
Thus our estimate of pis

0.0972
01317

= (.738

The probabilitics in Tables H and B-1 werc obtaincd by first
calculating Z; and Z; where:

log (truc threshold value) — log
2

Zy =

7. = log (measured threshold value) — fog vy
' Om

Note that the mcasured threshold valuc and the truc
threshold value need not he cqual.

Values of Z) and Z; were used with normal probability
tables to determine the probabilitics 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 bivartate normal distribution''" using Z.. Z:
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TABLE 81
Estimation of False and True Exceedences of Blood Lead Threshold Values
% Vatues % Positives
popula\io_n Threshold for Observed Which Are
Geometric Blood Lead Bivariate Distribution”® Above Fal§e % True
Mean Biood {ng/100 mL} (percent) Measured Positives. Exceedences
Lead i — e - Threshold. 1008 of Threshold,

(ug/100 mL)  Meas True A [ c D {8+D) {8+ D} {C+Dy
15 30 30 98 85 1.05 004 006 t 1 95 010

20 8973 877 2 229 906 75 350

25 66 49 1276 613 1482 27 38 47 2078

30 38 20 1180 1180 38 20 50 00 24 50 00

15 30 35 98 89 111 000 001 R 100 Qg

20 90 88 853 0.09 053 9 06 94 062

25 7179 21 59 083 579 27.38 79 662

30 47 42 28 04 258 2196 50 00 56 2453

35 26.43 23 58 413 4587 69 44 34 50 00

15 35 35 93 74 0.26 000 000 026 00 001

20 96 54 2.86 023 039 325 88 062

25 84 44 B8 33 220 442 1336 67 663

30 62.39 13.07 705 17 49 3056 43 24 54

35 38 20 1180 1180 38.20 50.00 24 50 00

15 30 40 9839 ta a.00 000 11t 100 000

20 90 94 8.96 000 0.0% 9.06 29 010

25 7264 25 68 0.08 1.7 27.38 94 178

30 49 63 40.44 037 956 50.00 81 992

35 ) 29.72 42.74 084 2670 69.44 62 2754

40 15 94 3404 119 48.82 82.86 a1 5000

15 35 a0 99 74 026 000 Q.00 026 100 000

20 96.74 317 0.02 0.08 3.25 98 010

2% 86.36 t1.86 0.28 . 1.50 13.36 89 178
30 68 04 22.04 140 852 3056 72 992

35 46 70 2577 330 24 23 50.00 52 2752

40 28 12 21.89 486 4513 67.02 33 50 00

15 40 a0 99.94 0.06 0.00 . 000 0.06 100 0.00

20 98.85 1.05 0.04 0.086 11t 95 co

25 93.3t 4.9 Q64 115 6 06 8t 178

30 79 67 10 41 320 673 17 14 61 992

35 5827 13.19 774 1379 3298 40 2753

a0 38.20 1180 1180 38 20 50 00 24 50.00

"A - Values correctly classified as beiow threshald.
- Values incorrectly classified as above threshold
- Values incorrectly classified as below threshold.
- Values correctly classified as above threshold.
- % Faise Positives for the Measured Threshoid.

A e S . ]

and p. {Actually. a computer program that loliowed the
above procedure was used, as intcrpolation would be
required in the tables.) Once the probability inquadrant D is
known, the probability in all quadrants can he calculated.

In Table B-1, the four classifltcation prababilitics of the

APPENDIX C

prediction of blood lead values for

repeat blood samples

The value of a lollow-up blood lead sample can be predicted
using the following regression equation which estimates the
statistical phenomena of “rcgression toward the mean"™.

Amencan industnat Hygiene Assotiation JOURNAL 142y 2783

bivariate distribution arc presented for different population
mean and assumed threshaold blood tead values. Inaddition,
the last three columns present the pereent of values observed
ahove a threshold. (B + D), the percent positives which are
“false positives™. (B/(B + D) X 100). and the percent
exccedences of the threshold, (C + D).

Individuals whose measurcd blood tead tevels arc above a
threshold will either be those who have positive analytical
errors or those who have high true biood lead levels at the
time measurements are taken. When only these individuats
are resampled, the resample will tend to be lower because

95
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asitive anatvtical ereors will occur less often or because the
individual’s biood lead may have dropped in the time
hetween the original sample and the resampie. Using the
cstimated variance components [rom the personal air
monitor study we will estimate the regression effect caused
bv analytical error and the regression effect caused by the
combined effect of analytical crror and within-person
variabiity. The regression calculation enables oncto makea
good prediction of the resampic blood lead value.

The regression equation has the form
log¥ = logu+ Bilog X — log u) m

where:

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

X = the original blood lead reading

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

B = regression coefficient

For thc personal air monitor study the regression
coefficient is:
Do _ 0.00854

Tiew 001734

ﬁ = = 11,493

for the regression equation that includes both the chect ol
analytical error and the effect of within-person variability
and

Opernn + Guminperen

0.00944
g = Lot . 000

- = 0.544
ol 0.0173s

for the regression cquation that includes only the effect of
analytical error

o = the total variability {for single
samples) = (0.1317)
Ohron = person-to-person variability = 0.00854
0% umonenan = the within-person variability = 0.00090

The variance component vaiues 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.

Publications brochure available from Air Pollution Control Association . . .

The revised brochure, “Publications of APCA,” describes contents and prices of APCA periodicals. proceedings of technical
meetings, and other publications covering air pollution control technology. An order form is inciuded in the brochure. Copies may be
obtained at no charge by writing to: Publications Dept.. Air Pollution Control Association, P.O. Box 2861, Pittsburgh, PA 15230
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Blood Lead Incentive H. T. Walker - N2

M. G. Duffy

Presently at the Chicago Plant the employees receive

one book of S&H Green Stamps ($3.00 value) when their

latest blood lead analysis is below 0.06 mg lead/100 grams

of blood. Based on the monitoring time table the maximum

award/employee is six books of stamps/year. However, there

is also a stipulation that if all employees are below 0.06

all would receive two books of stamps - This situation has

occurred only once. i

It is proposed that this incentive system be replaced by

one of the following or a combination. This would be based

on an employee achieving blood lezd levels below 0.05 mg lead/idUl
grams of blood. o ’ , : : -

A. An employee would receive onz dzy off with ray
taken within one month of the test and in agreement
with plant management. .

B. An employee would receive one days pay with
no time off.

C. An employee could choose a gift from a catalog.
Prizes in the range of a days pay.

D. An employee could chose one of the above.

TCEr g

™ HCG:ck H. C. Gaffney
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