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Development of an Air Quality Standard for Lead from Community Studies

Engineering Department, E. 1. du Pont de Nemours & Co., Wilmington, Delaware 19898

m A methodology for the development of an air quality
standard (AQS) for lead is presented. Itis shown that the
results of community studies can be used to calculate the
air lead level at which the cumulative frequency distri-
bution of blood lead values of a population will meet a
biclogical guideline for blood lead. The procedure is il-
lustrated by using the data on the relationship between
blood lead and air lead obtained in two well-known epi-
demiological studies, A variety of analyses, involving
different blood lead—air lead models, blood lead frequency
distributions, and data bases, are mcluded to study the
sensitivity of the methodology to variations in assumptions

and calculation procedures. The proposed methodology
is general and can be used in the development of any AQS
for which the appropriate biological guideline is expressed .

in the form of a cumulatlve frequency dxstributlon

1. Introduction

In 1974 Zielhuis () proposed a biological guideline for
blood lead. This guideline provides for the protection of
public health by specifying a desirable distribution of blood
lead values. It is therefore proposed that the air quality
standard (AQS) for lead be determined by calculating the
air lead level at which Zielhuis’ guideline will be met. The
methodology for making these calculations and developing
the AQS is described. It is shown that blood lead values
from several populations can be combined to give an ac-
curate estimate of the within-population distribution of
blood lead values. The data collected by Azar et al. (2, 3)
and Tepper.and Levin (4) are used to illustrate the pro-
cedure and to develop an AQS for lead. These results are
also compared with the standard adopted by the United
States Environmental Protection Agency (5). The ap-
proach is general and can be used in the development of

an AQS for any pollutant for which a biological guideline

similar to that of Zielhuis is appropriate.

Any group of subjects expoged to a given air lead level
will have a distribution of true blood level values because
of biological differences between the subjects and differ-
ences in lead exposures from sources otherthan air lead.
The distribution will be further broadened due to blood
lead measurement variation. As the air lead level of the
group is increased, the correapondmg blood lead distri-
bution will shift upward. This suggests that an air quality
standard for lead could be determined by finding the air
lead level at which the upper portion of the predicted blood
lead distribution will be equal to that of Zielhuis’ biological
guideline distribution. .A schematic of this procedure is
shown in Figure 1.

In order to make the calculations described above, it is
necessary to have a model for the relationship between
blood lead and air lead and data on the within-population
variation in blood lead values. The best available data on
the blood lead-air lead relationship for adults is that
published by Azar et al. (2, 8). In this study air lead and
blood lead measurements were obtained on 150 subjects
over a 2- to 4-week period. The air lead was continuously
measured 24 h/day during the test period by using per-
sonal monitors. Two to eight blood samples were taken
from each subject and duphcate lead determinations were
made on each sample. Thisg is-the only study of nonoc-
cupationally exposed subjects whose air lead exposure was
monitored continuously by personal air monitors.

The Seven Cities survey (4) contains a large amount of
data on within-population variation in blood lead values.
The blood lead levels of 2015 subjects from 12 populations
(80-219 subjects/population) were collected in this study.
This study is important because a large sample size is
required to get a precise estimate of the within-population
distribution of blood lead values. The use of the data from
the Azar study and Seven Cities survey in the development
of an AQS for lead is described in the following paragraphs.

2. Biological Guideline for Lead

After.an extensive review of the literature, Zielhuis ()
concluded that the following blood lead distribution was
an acceptable biological guideline for the protection of

_public health,
-percentile blood lead, pg/dL
50 20
90 . - 30
98 36

This guideline has been widely accepted and has been
adopte& by the European Economic Commisgion (6). This
distribution will be used to determine an AQS for lead by
first calculating blood lead levels associated with percen-
tiles of interest and then calculating air lead levels that
‘would raise these blood lead levels to those of the Zielhuis
distribution. We ooncentrated on matching the 90th and
98th percentiles, sirice individuals at the upper end of the
distribution are at greater risk. Results for the 50th
peroentﬂe are included, however, for comparatwe purposes.

It is-important to that, in terms of observed
and theoretical distributions of b!ood lead data, the 50th
percentile of the Zielhuis distribution is not consistent with

the 90 and 98 percentiles. If we assume that blood lead

levels are | y distributed, then the 90th percentile
of 30 and the 98th peroentxle of 35 pg/dL are consistent
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lead level at which a percentile of an observed distribution will be

consistent with the Zielhuis guideline. Linear blood lead-alr lead model
and 98th percentile are shown In the figure.

with a 50th percentile of 23.2 ug/dL. In the unlikely event
that blood lead levels are normaily distributed, the 90th
and 98th percentiles of the Zielhuis distribution are con-
sistent with a 50th percentile of 21.7. It is concluded that
the 50th percentile of the Zielhuis distribution is low by
approximately 3 ug/dL.

3. Relationship between Blood Lead and Air Lead

To determine the air lead level at which the blood lead
distribution of a normal population was consistent with
the Zielhuis dmtnbutmn, it was necessary to know the
relationship between air lead and blood lead, Two dif-
ferent relaﬁoushlps were used. The first model was the
“lead exposure” model (7, 8), which assumes an exponential
relationship between blood lead and air lead. The second
model was a linear relationship between blood lead and
air lead. Both of these mathematical forms have been used
widely in correlating air lead and blood lead data.

The “lead exposure” model used in this analysis was

blood Pb = 12.1(air Pb + B)200 (1)

This model was developed from the Azar data (7). It
relates blood lead to total lead exposure by dividing lead
exposure into two parts—air lead exposure and background
lead exposure (i.e., food, water, etc.). In eq 1, background
lead is represented by the B coefficient, whlch ‘was found
to be 3.28 for the Azar data (7, 8). Additional details on
the development of this model are given in ref 7.

The second model used (eq 2) is a straight line blood

blood Pb = air Pb + By @

lead-air lead relationship with a slope of 1 (Le., an increase
of 1 ug of Pb/m?® ofalrresultsmanmcreaseoflpgof
Pb/dL of blood). The blood lead-air lead slope of 1 was
found in a combined analysis of eight epldemologlcal
studies of the relationship between blood lead and air lead
(8) and in the studies conducted by Chamberlain et al. (9).
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The slope of 1-is also supported by the lead exposure model
(eq 1) for the Azar data and by the analysis of the Azar
data conducted by Hamamond et al. (10), both of which
mdmatethatthebloodlead—mrleadslo for the Azar data
varies from approximately 1.2 to 0.6 for ambient air lead
levels <10 ug/m®. Slopes larger than 1 have been reported
(11, 12); however, these appear to be out of line with re-
specttotheother studies and are based on clinical rather
than epidemiological studies. The methodology déscribed
here is general and can accommodate any assumed slope
or blood lead-air lead model.

4. Blood Lead Distribution

So that the blood lead distribution for the Azar data
could be determined, a blood lead: value was calculated for
sach subject corresponding to an air lead level of zero.
Equation 1 indicates that the ratio of the blood lead B,
at air lead A, to the blood lead B, at a second air lead A,
is

B, A, + 3.8 ]
3

B, | A,+328 |
Hence, the lead exposure model (eq 1) predicts that the
blood lead of a subject at an air lead of zero will be

[ 328 7o
By = A+328] @

where B, is the calculated blood lead at an air lead of zero,
A is the air lead exposure of the subject, and B, is the
blood lead of the subject.

In the case of the lmear meodel, the blood lead at zero
air lead is given by eq 5,

Bo = BA -A (5)
where By, B,, and A are defined as in eq 4.
After the blood lead values were obtained for the zero

air lead level, the next step was to determine the distri-
butlonof'blood]ead levels calculated from eq 4 and 5. The

‘blood lead levels corresponding to selected percentiles were

obtained from the best fitting distribution of the Pearson

system (13, 14) because the frequently used lognormal

distribution was found to give an inadequate fit in several
instances,

The Pearson system encompasses a wide variety of
frequency distribution forms and does not require an as-
sumption concerning the specific mathematical form of the
distribution to which the data conform. Many of the

distributions that are frequently used in the analysis of

air quality data (i.e., normal, lognormal, gamma, beta, and
Weibull) are special cases of the Pearson system. This
family of models selects that distribution whose first four
moments (i.e., average, standard deviation, skewness,
kurtosis) arethesameasthoseofthe observed distribution.
The lognormal distribution will be fit when it is the ap-
propriate distribution; hence, the fit of the Pearson system
will be equal to.or better than that of the lognormal dis-
tribution. _
ItmshownmsectlonSthattheAzardata .and some of
the data in the Seven Cities survey are not lognormally
distributed. It is well-known that the lognormal distxi-
bution is adequate for estimating geometric mean rela-
tionships among air pollution variables such as that de-
scribed by eq 1. We will see later that, in the case of the
50th percentile, there is no practical difference between
the air lead levels developed from the lognormal and
Pearson distributions. In the case of the Azar Study and
Seven Cities survey, however, the lognormal distribution
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Table L Air Lead Levels Associated with Zielhuis
Biological Guideline for Lead Based on the

Analysis of Azar Dats
blood
percen- Pb2 air Pb,
tile pg/dL pg/m?

lead exposure model, 50 158 4.2
Pearson system 90 224 6.6
976 26.9 5.5
lead exposure model, 50 167 4.8
normal distribution® 90 22.6 6.2
97.6 271 5.3
98" 27.8 4.5
linear model, Pearson system 650 16.7 4.8
80 28.2 8.8
) 97.6 285 6.5
linear model, 50 166 4.4
normal distribution® 90 23.6 6.5
97.6 286 6.4
98 294 5.6

¢ At air Pb = 0. ® The normal distribution gave an ade-

2

quate description of the variation in (blood Pb)*®.

does not provide an adequate description of the upper
percentiles of the blood lead distribution. It is very im-
portant to get accurate estimates of these values because
the Zislhuis distribution and the associated air quality
standard are based on the upper percentiles. ‘The Pearson
system is able to better address this accuracy because of
its rich family of models and its use of four moments to
gelect the best fitting distribution. Results for the log-
normal distribution have been included, however, for
comparative purposes. )

An alternative procedure to the Pearson system is to
transform blood lead data to another scale such that the
distribution of the transformed values is closely matched
by a normal distribution. As noted earlkier, the Azar blood
lead data at zero air lead were not lognormally distributed;
however, blood lead raised to the 0.3 power, (blood lead)?3,
was found to be approximately normally distributed. The
blood lead values calculated from the Azar data with use
of the Pearson system are summarized in Table I. The
corresponding values calculated from a normal distribution
approximation to the transformed data ((blood lead)®#)
are also included in Table I. In each instance, the results
obtained from the Pearson gystem are in close agreement
with those obtained from the normal distribution, indi-
cating the Pearson system gave a good description of the
observed data. The 97.5th rather than the 98th percentile,
i8 used in the Pearson system. This slight deviation from
the Ziglhuis distribution was necessary because published
tabulations of the Pearson system contain the 97.5th rather
than the 98th percentile. _

After the blood lead values corresponding to zero air lead
were calculated, it was then possible to compute the air
lead at which the blocd lead distribution was equivalent
to that of the Zielhuis distribution at the higher percentiles.
In the case of the lead exposure model (eq 1), this air lead
is given by eq 6, where By is the blood lead at zero air lead

Ay = 8.28[(B;/B,)/0% - 1] ®)

and Ay is the air lead associated with the corresponding
blood lead (By) of the Zielhuis distribution. In the case
of the linear air lead-blood lead model, the air lead level
that equates the two distributions is given by eq 7, where

Az=By - B, o
Ay, By, and B, have the same definition as in eq 6.

5. Air Quality Value Developed from Azar Data

The air lead at which the Azar blood lead distribution
was equivalent to the Ziethuis blood lead distribution was
calculated from eq 6 and 7 (Table I). The availahility of
two different air lead-blood lead models (linear, lead ex-

. posure), two different blood lead distribution models

(Pearson system, normal-power transformation), and three
different percentile levels (50, 90, 97.5) made it possible
to analyze the Azar data in a variety of different ways.
This enables a determination of the sensitivity of the re-
sulting air lead levels to the calculation procedure used.
In Table I we see that in all cases the calculated air lead
levels are greater than 4 ug/m® In the case of the upper
(90, 97.5) percentiles all the air lead levels-are greater than
5 ug/m except for the lead exposure model, normal-power
transformation case.

6. Air Quality Value Developed from Seven Cities
Survey Data

‘The calculational methads used in the analysis of the
Azar data were applied to the data obtained in the seven
cities survey. This is important because the seven cities
survey included blood samples obtained from 2015 subjects
in 11 different locations. This large data base enables one
to obtain an accurate estimate of the upper percentiles of
the distribution of blood lead values. The air lead expo-
sures were obtained from stationary samplers located in
the areas where the subjects lived and are thus less spe-
cifically related to individual blood lead than was the case
in the Azar study. ,

In this analysis, the lead exposure and linear blood
lead-air lead models were both used. In view of the close
agreement of the results of the Pearson system and the
normal-power transformation, only the Pearson system was
used to describe the blood lead distribution. The air lead
levels and the associated 50th, 90th and 97.5th blood lead
percentiles calculated from the Seven Cities survey data
are summarized in Table II. The air lead values used were

‘the annual average air lead results obtained at each site. -
~'The air lead levels needed to make the observed blood lead

distributions equivalent to the upper end of the Zielhuis
distribution were calculated from eq 8, where A; is the

Az = (A7 + 3.28)[(By/B,)/0%% — 3.98) ®)

annual average air lead associated with the observed blood
lead B, obtained from the Pearson system and A; is the
air lead associated with the blood lead By, of the Zielhuis
distribution. _

In the case of the linear model, excluding the Ritten-
house location, the calculated air lead levels are greater
than 5 ug/m?in 28 out of 33 instances and greater than
4 pg/m® in 30 out of 33 instances. Each of the five in-
stances where the air lead level was less than 5 ug/m® was
associated with matching of the 50th percentile. The
United States Environmental Protection Agency (15) has
pointed out that Rittenhouse is an old section of Phila.
delphia in which many of the houses contain lead plum-
bing, which probably contributed to the relatively high
blood lead values. _

The Jead exposure model calculations showed similar
results. Excluding Rittenhouse, the air lead values were
greater than b ug/m® in 26 out of 38 instances and greater
than 4 ug/m? in 80 out of 33 instances. Three of the seven
instances where the air lead level was less than 5 pg/m3
were agsociated with matching of the 50th percentile.

We also see in Table II that there is a wide variation in
the air lead values calculated for the different locations.
This reflects variations in exposures to lead other than that
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Table II. Air Lead Levels Associated thh the Zielhuis
‘Biological Guideline for Lead Based on Analysis of Seven
Cities Survey Data

air Pp?
lead
expo-
percen- blood sure linear
site airPb  tile Pb® model model
Okeana 0.32 50 169 52 44
90 230 6.5 7.3
97.6 27.6 5.5 7.7
Ardmore 1.15 50 ‘18.8 2.3 2.4
90 26.1 42 5.1
975 29.8 4.8 6.4
Rittenhouse  1.67 b0 20.4 1.3 1.3
: 90 29.5 2.0 2.2
97.5 86.6 1.4 1.2
Pasadena 3.39 60 17.5 7.7 6.9
20 25.0 9.9 8.4
9756 299 88 85
Los Alamos,  0.17 50 170 31 3.2
male 90 2388 5.3 6.7
97.6 28.2 4.5 7.0
Los Alamos, 0.17 60 15.2° 6.4 5.0
female 90 203 11.6 9.9
97.6 238 114 114
Washington,  1.19 50 19.2 19 20
D.C. 90 26.0 44 5.2
976 296 61 66
Port 1.18 50 16.2 91 5.9
Waghington 90 214 124 9.7
9756 254 114 10.7
Greenwich 2.08 50 164 80 5.7
Vitlage 920 229 115 9.2
97.6 27.5, 10.0 9.6
Lombard 1.18 50 140 137 7.2
(7mo) 90 190 214 122
97.6 229 18.6 138.3
‘Bridgeport 1.76 50 17.2 5.6 4.6
90 242 8.0 1786
97.56 29.8 5.9 7.0
‘Houston 086, 650 127 194 8.1
) 80 17.8 259 13.0
97.6 208 257 15.0

¢ Blood Pb value (ug/dL) estimated by fitting the
Pearson System to the observed frequency distribution.

b Air'Pb level (ug/m?) at which the upper portion of the
observed blood Ph distribution would be equal to the
Zijelhuis gul_delme.

in the air and to variations arising from analytical un-
certainties in the data.

7. Air Quality Value Developed from the Analysis of

the Combined Azar and Seven Cities Survey Studies

‘The combination of the Azar study with its excellent
estimate of the blood lead-air lead relationship and the
Seven Cities survey with the large number of subjects
provided the best basis for establishing an ai¥ quality value
for lead. Sothatthmeouldbedome,tbebloodleadvalues
for the 2015 subjects in the Seven Cities survey were used
to establish a blood lead distribution. This distribution
was constructed by subtracting the average blood lead for
each site from each of the blood leads collected at that site.
Next, these deviations from the site average were combined
into a single distribution. The standard deviation of this
distribution was the pooled within-site standard deviation
and was a measure of the blood lead variation in the
normal population Since the blood lead standard devia-
tion typically increases with increasing blood lead level,
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Table ITI. Air Lead Levels Associated with Zieltiuis
Biological Guideline for L.ead Based on the Analysis of the
Combined Azar and Seven Cities Studies

dey  blood
percen- from  Pb? airPh,
tile av®  ug/dL ug/m®
lead exposure model, 50 0.0000 158 4.2
Pearson system 90 0.0788 21.7¢

97.6 0.1188 26.1

lead expogure model, 60 0.0000 15.8
noymal distribution 90 0.0766  21.9
97.5 0.1170 25.9

98 0.1226 26.5

linear model, Pearson 50 0.0000 15.8

aystem 90 0.0738 217
97.6 0.1188 26.1
linear model, 50  0.0000 15.8

normal distribution 90 0.0766 21.9
97 § 0.1170 25.9
0.1226 265

¢ Distribution of (blood Pb)"" average = 0, standard
deviation = 0.0697, skewness = -0.02, kurtosis = 3.81.
The normal dlstnbutlon has skewness = 0 and kurtosis =
8.0, © AtairPh= 0. ¢ Blood Pb= ((15.77)°* +
0.0738)404% = 21,7,

POEE POH HOTp D
BN DN O 0w

it was necessary to transform the blood lead levels before
the combined distribution was constructed. The objective
wes to make a symmetrical distribution. It was found that
the power transformation (blood lead)®!s resulted in a
symmetrical distribution; however, the tails of the dis-
tribution were longer than those of the normal distribution
(kurtosis = 3.81, whereas for a normal distribution kurtosis
= 3.0). For thm reason, the percentiles were estimated by
both the Pearson system and the normal distribution
(Table ). In the Azar data, the blood lead equivalent
to the §0th percentile point at air lead = 0 pg/m? (lead
exposure model calculation) was 15.77 ug/dL. The blood
lead values associated with the upper percentiles of the
blood lead distribution were obtained by adding the cor-
responding values of the “deviation from site average”

distribution to the blood lead 50th percentile of the Azar
data at zero air lead. A sample caleulation using the”
Pearson system for the 90th percentile is shown in eq 9

blood Pb = [(15.77%15 + dev from site av)]1/o18
= [(16.77)%1% + 0.0738]1/016 = 21.7 ©)

The air lead levels that equate these blood lead values to
tbosaoftheZmlhu.ls distribution are surnmarized in Table

The calculated air lead level for the 50th percentile is
greater than 4.2 ug/m?® for all cases. The ten air lead values
associated with the 90th and 97.5th percentiles ranged
from 6.0 to 8. 9;4g/ma Tt is thus apparent that an air lead
level of 4 pg/m? is consistent with all parts of the Zielhuis
guideline gnd that the upper percentiles (90 and 97.5) of
the blood lead distribution of a population exposed to an
m‘isah?‘ level of 5 ug/m® would be within the Zielhuis
guideline,

8. Log Blood Lead Distribution

The lognormal distribution has been widely used in the
analysis of blood lead data. For this reason it is appro-
priate o consider what air lead levels would be obtained
if the lognormal distribution is used to describe the blood
lead distribution rather than the more general Pearson
system. The resulting air lead levels are summarized in
Tables IV and V. It is important to understand that these

TEH 0470037

DUP050082857




Table IV. ) Aza.r Study: Eshmation of an Air Quality
Standard for Lead Assuming Blood Lead Levels Are
Lognormally Digtributed

lead exposure ]
model linear mode}l
lognormal  blood ' blood )
percentile  Pbe AQSst Phe AQSs®
50 15.6 5.2 16.8 4.7
20 22.9 6.7 23.8 6.2
97.6 28.2 4.1 30.1 4.9
98 29.0 3.4 31.0 4.0

¢ Blood Pb (ug/dL) at air Pb = 0 (lognormal distribu-
tion). ? Air quality standard — air Pb levels (ug/m®) at
which the upper portion of the observed blood lead dis-
tribution would be equal to the Zjelhuis hiological guide-
lme for lead

results are representative only if the lognormal is the
correct distribution to apply.

We tested the adequacy of the lognormal distribution
by computing the skewness and kurtosis statistics for the
log blood lead data sets in the Azar study and the Seven
Cities survey and comparing these results with the corre-
sponding parameters of the normal distribution. Using
the statistical tests discussed by Pearson and Hartley (13)
we found that at least 7.of the 13 ohserved distributions
(Azar’s plus 12 sites in the Seven Cities survey) were sig-
;n_iﬁcantly different from the lognormal distribution (Table
VD). It is important to note that the direction of the
skewmess of the log blood lead distribution is reflected in
how the resulting AQS compares to that computed by
using the Pearson system. Negative skewness results in
lower values than the Pearson system while positive
skewness results in higher values (compare Table I with
Table IV and Table IT with Table V). On the log scale the
lognormal distribution has no skewness; hence, when the
skewness of the data is negative, the blood lead levels
predicted by the lognormal distribution will be higher than
those of the observed data and will result in lower air lead
levels. The opposite effect ococurs when the skewness is
positive.

As noted earlier, the Pearson system has the flexibility
to describe a wide variety of dlstnbutxons, including the
lognormal. It is concluded that, in the case of the Azar
study and the Seven Cities survey, the Pearson system
jprovides a more accurate characterization of the blood lead
distribution than the lognormal.

9. Discussion

A methodology for determining an air quality standard
for lead from epidemiological studies has been described
.and illustrated by using the best available data on blood
lead-air lead relationships-and within-population variation
in'blood lead values. The Azar study and the Seven Cities
survey include a wide variety of different adult population
groups that provide a firm basis for the determination of
an air quality standard for lead. The standards developed
from these studies using a variety of models and assump-

tions are summarized as follows:
caleulated air quality
standard, ug/m?
study average range
Azar 5.5 4.2-6.8
Beven Cities survey 8.0 1.2-25.9
combined Azsr and 8.6 4.2-8.9

Seven Cities survey

With a few exceptions in the Seven Cities survey (Rit-

Table V Seven Cxties Survey: Eshmation ‘of an Ai:
Quality Standard for Lead Assuming Blood Lead Values

Are Lognormally Distributed

AQsP
lead '

-eXpo-
_ percen- blood sure linear
site airPb tile Pbh® model model
Okeana 032 50 166 659 47
20 23.6 5.6 8.7
9756 29.8 3.7 6.0
28 30.2 3.0 5.1
Ardmore 116 50 180 3.3 3.2
90 27.1 3.2 4.1
975 338 19 26
98 34.6 1.3 1.6
Rittenhouse 1.67 B0 20.6 1.2 1.2
90 203 21 24
976 3854 1.5 1.3
98 364 1.0 03
Pagadena 3.39 50 176 79 59
20 249 10.1 8.5
97.6 30.0 8.6 8.4
o8 30.8 7.5 7.6
Los Alamos, 017 50 17.2 2.8 8.0
‘male 90 232 58 7.0
97.6 27.2 5.6 8.0
13 27.8 4.9 7.4
Los Alamos, 0.17 50 15.0 6.9 5.2
female 20 20.6 10.8 9.8
97.6 24.3 103 10.9
98 24.9 9.1 10.3
Washington, 119 650 181 20 21
D.C, 90 25.7 4.7 5.5
97.6 80.1 4.6 6.1
98 30.7 4.0 6.5
Port 113 50 154 85 486
Washington 20 211 18.2 10.0
97.6 265 125 11.2
98 25.5 11.2 10.6
Greenwich 208 60 16.6 7.6 5.6
Village 90 227 120 9.4
9756 268 113 103
98 27.56 10.0 9.6
Lombard 1.18 50 14.0 13.7 7.2
20 191 209 121
976 225 201 138.7
98 23.0 18.2 13.2
Bridgeport 176 60 17.6 4.9 4.2
90 239 118 1.9
97.6 28.0 83 88
28 28.7 7.3 8.1
Houston 0.86 50 12.6 20.0 8.2
90 17.8 269 13.0

22.4

976 21.5 ;
98 22.1 19.8

4 Blood Pb value (ug/dL) estimated from a lognormal
distribution. © Air quality standaxd: air Pb levels (ug/m?*)
at ‘which the upper portion of the observed blood Pb dis-
lt:znbuf.iimnP gvould be equal to the Zielhuis biological guide-

e for

i
L
S

tenhouse and the 50th percentlles for Ardmore, Los Ala-
mos (male), Washington, D.C.) all of these air lead levels
are greater than 4 ug/m® The air quality standard of 4
pg/m® is considerably higher than the 1.5 ug/m® pro-

mulgated by the U.S. Environmental Protection Agency

(5) and the value of 2 ug/m® proposed by Yankel et al. (16).

In the development of their standard, the EPA used a
different and more stringent risk level than the Zielhuis
guideline used in this work. They identified children as
the high-risk population, assumed blood lead values were
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Table VL Summary sm:mcs for Log Blood Lead
Distributions from Azar and Seven Cities Studies”

log
blood skew- kurto-
data set n Pb,av stddev ness®  sis®
Azar data® _ .
linear - 149 1.186 0.149 -0.359 3.27

lead exposure 149 1.189 0.133 -0.31° 2.90
linear-power® 149 2.281 0.232 -0.01 8.17
lead exposure® 149 2.283 0.208 .-0.05  3.00

Okeana 162 1.194 0.139 -0.81F 647
Ardmore 150 1.2566 0.138 -0.76/ 3.877
Rittenhouse 136 1.812 0.121 010 2.84
Pasadena 193 1.244 0.119 -0.06 3.42¢
Los Alamos, 80 1.286 0.101 044¢ 3.05
male

Los Alamos, 191 1.176 0.107 -0.34¢ 3.95¢
female :

Waghington, D.C. 218 1.282 0.100 0.06 2.42
Port Washington 198 1.188 0.106 0.20 3.09

Greenwich 140 1.219 0.107 021 3.28
Village ) )

Lombard 208 1.147 0.106 -0.13  4.927

Bridgeport 147 1.246 0.108 0.557 3.59¢

"Houston 191 1.099 0.119 -0.09 2.59

@ For a normal digtribution, skewness = 0, kurtosis = 8.0
(skewness < (0 indicates the dmtnbutnon ig: skewed to the
left). ? Blood Pb at air Pb= 0. ¢ Results of power trans-
formatlon (blood Ph)**, -4 Distribution not normal (p <

06). “ Deviation from normality significant (p < 0.10).
f Distribution not normal (p < 0.01).

lognormally distributed with a _geome.tric standard devia-
tion of 1.3, and calculated the air lead level at which a
blood lead 99.5th percentile .of 30 ug/dL would be ob-
tained. In making this calculation, the EPA used a bloed
lead-air lead slope of 2.0, which they estimated from the
data reported by Yankel et al, (16), who studied a single
population of chﬂdren that lived close to a lead smelter.
The éontrol ion in this study had an average blood
lead level of approx:mately 30 ug/100 mL, which is con-
siderably higher than that of typical nonoccupatxonally
exposed populations.

The authors of the Yankel study have concluded from
more recent analysis that the appropriate blood lead—air
lead slope for this study is approximately 1.0 (7). Qur
analyses (8) of the Yenkel data and other children studies
reported in the literature suggest that the blood lead-air
lead slope for children is approximately 1.0 and not sig-
nificantly different from that of adults.

Since the EPA has identified young children as a high-
rigk papulation, it is appropriate to perform the analysis
described in this paper for child populations when the
appropriate data become available. It is also recommended
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that the proposed methodology be used in the development
of an air quality standard for any pollutant for which the
appropriate biological guideline is expressed in the form
of a cumulative frequency distribution.
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