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BLOOD LEAD CONCENTRATIONS AND GASOLINE LEAD USAGE

D. R. lymn*, G. A. Hughmark* B. F. Fort, J¢.+, and C. A. Hall®*

ABSTRACT

Data from the NHANES II survey have been used to imply that the de-
crease in gasoline lead usagé has been responsidble Ffor the surveyed de~
erease in blood lead. Statistical analyses of the NHANES IT data indi-
cate that the major part of the decrease in blood lead during the survey
period was not due to the decline in gasoline lead usage. Other factors
that could have contributed to the blood-lead decline include the impact
of the nationwide blood-lead screening program, lead paint control and
educational progrems, and reduced lead content in processed food and
beverages,

INTRODUCTION

The Second National Health and Nutrition Examination Survey (NHANES
II) (rer 1) was conducted by the U.S., National Center for Health Sta-
tistics over the L-year pericd of 1976-80. This survey was designed to
obtain health and nutrition date on a sample of the U.S. population.

Venipuneture blood-lead concentration data were obtained for 9,933
persons in 64 sampling areas, including preschool children ages 6 months
-5 years, youths ages 6-17 years, and adults ages 18-Th years (ref 2).
All age groups included both sexes, whites and blacks, urban and rurel
groups, and several income levels. It should be emphasized that there
was no repetitive sampling of any of the 64 areas or subjects. Thus,
the survey was not designed as a longitudingl study to examine blood~-lead
trends with time. However, during the L-year period of the survey, it
was reported {ref 2, 3) that the overall mean blood-lead levels de-
creased about 37%, from 15.8 ug/dl to 10.0 mg/dl, with approximately the
same percentage decrease for the different groups.

A partial summary of these blood-lead data was issued in March 1982
(ref 3}, This included a chart showing the similarity of the decrease
in average blood-lead levels and national gasoline lead usage with time,
The scales used for the chart were adjusted to mske the slopes of blood
lead and gasoline lead usage as nearly identical as possible. The sum-
mary then concluded: "The decrease in mean blood-lead levels reflects
the decrease in lead used in gasoline production."

This paper summarizes the results of statistical analyses of the
NHANES IT data.
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STATISTICAL ANALYSES OF NHANES II DATA

Preliminary analyses of the data showed that there was a sampling
bias to fewer children and fewer non-rural residents during the latter
period of the survey (see Figures 1 and 2). Both of thess factors could
affect the trend toward lower blood-lead levels. Linear regression of
these parameters with time showed that the correlation coefficients with
time of the variables of bdlood lead, gasoline lead usage, and percent
children less than 6 years old were essentially equel. Rather than con-
cluding that the decrease in gasoline lead usage caused the decrease in
blood-lead level, one could equally well conclude ‘that the decrease in
blood-lead level was a result of the decrease in percent children in the
sample less than 6 years old. Furthermore, the 33% reduction in blood-
lead levels from 1976 to 1980 in the rural population wes almost twice
the 19% reduction in the urbanized population of grester than 1,000,000,
The reverse should be true if the decline in wvehicle lead emissions was
a major Pfsctor in the blood-lead reductions.
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The preliminary analyses showed that sex, race, age, family income,
and general location (urban vs nmon-urban) were significant independent
variables affecting blood-lead concentration. Since there was a need to
reduce or eliminate the confounding of these variables, we designed a re-
gression model to separate the contributions to blood lead into those
factors relating to personal attributes and those factors relating to the
environment in which the person lived. A basic premise is that a specif-
ic individusl's blood-lead content will respond to outside influence in
the same manner wherever he lives. The extension of this premise is
that, to explain the variations of blood-lead content, one must deseribe
the environment in which the individual exists. Heretofore, the con-
founding effects between the personal -descriptors and the enviromuental
descriptors have clouded any attempts to understand the cause-effect re-
lationships for the individual, By discrete~type regression techniques,
these two contribution types have been separated for the NHANES IT data
so that the personal descriptors and environmental descriptors are essen-
tially independent of each other. The personal descriptors are not sub-
Ject to further analysis, but the environmental descriptors can be ena-
lyzed and/or correlated with eny desired quantities related to outside
factors that might affect the blood-lead content of an individual.
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Monthly gasoline usage date are published for each state with sub-
divisions for leaded premium and regular gasolines for the periocd of the
NHANES II data. During this period, limited sampling of leaded fuel for
lead content provides gasoline lead concentrations. (Combinations of gas-
oline usage and the lead concentrations then provide estimates of gaso-
line lead usage on 8 state basis. Thus, our objective was to relate the
environmental descriptors to the avallable gasoline lead usage data.

The following independent variables were selected in an attempt to
relate the blood lead of an individual to his exposure to lead. ‘

Population Density -- Blood leads are known to respond to the
air-lead concentration. Air-lead concentration data st the
time of tlood-lead sampling are not available for most NHANES
II locations. Gasoline lead usage would be expected to be
highly correlated with populstion density. Thus, population
density can be used as an estimate of the relative sir-lead
exposure, '

Gasoline Iead Usage ~- Iead fallout from the atmosphere has
been speculated to contribute to DPlood-lead concentration ’
through the food chain. There is no method by which the
individuals in the NHANES II study can be accurately related
to this lead fallout-dlet lead variable., The lead fallout
contribution was estimated by dividing the gasoline lead
usage for a state by the square miles of area.

Time - Blood-lead concentrations have generally decreased with
time because of reduction of lead in food packaging, paint, and
other potential diet sources. Thus, time is a potential inde-
pendent veriable to represent lead from all sources, rather
than gasoline lead alone, as contributors to blood lead

A linear regression of the external contribution to blood-lead con-
centration (3ependent variable) for each location was made with the in-
dependent variables of time, natural logarithm of the population denmsity,
and lead usage for each location. The natural logarithm of the popula-
tion density was used because the range of these wvalues spanned three
orders of magnitude. ILinear representation of population density would
“have placed excessive weighting on the high numbers.

The regression analysls showed that both time and population densi-
ty were significant variables and the gasolline lead usage per area wes
an insignificant variable. The time variable was the major contributor
to changes in blood lead, while population density was a minor contrib-
utor.

Using this model, blood-lead concentrations were calculated for
three blood—lead—concentration groups-~maximum, median, ard low--in
arens of low population density (10 persons/sq. mile) and high popula-
tion density (3000 persons/sq. mile). These data can be used to esti-
mate Lwo responses:

1. The dirference in blood-lead concentration between the
high and low population densities.
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2. The difference in blood-lead concentration from the begin~
ning to the end of the survey period.

For 1976, the differences in blood }eads between the high and low popu-
lation densj ties range from 1.3 to 2.8 ug/dl, with an average of 2.1.
For 1980, the differences in blood leads between the high and low popu-
lation densities range from 0.9 to 2.1 ug/dl, with an average of 1.5.
"The average blood leads of the two population density groups are 18.7
pg/dl in 1976 eand 13.5 pg/dl in 1980. If we assume that gasoline lead
bas the same percent contribution to blood lead relative to other
sources in 1980 as in 1976, the 0.6 pg/dl decrease from 2.1 to 1.5 is
due to population-related factors alone. Therefore, it must be the max-
imum possible reduction in blood lead due to the air-lead aspect of gas-
oline lead usage. The 5.2 pg/dl decrease in blood lead from 1976 to
1980 cannot be attributed to gasoline lead usage.

Air-lead concentration data are available from the Nationmal Air
Sampling Network for 24 of the NHANES II locations for the quarter in
which the blood-lead sa.mpling occurred, Air-lead concentrations ranged
from 0,14 to 1.84% ug/m3 and cover the four years of the NHANES II study.
The indicated response of blood-lea.d concentration to inhaled air lead
is sbout 1 pg/dl per 1 pg/m3. The apparent contribution of air leed to
the NHANES II subjects appears consistent with this indicated response.

SUMMARY

The analyses that we have carried oubt, using population density as
an indicatlion of gasoline lead exposure for each of the 6k individual .
sampling locations, indlcate that lead in gasoline accounts for less
than 1 ug/dl of the reported 5.8 ng/dl decline in blood-lead level dur-
ing the four-year period of the survey. Other factors thet could have
contributed to the reported decline in blood-lead levels include the
impacts of lead-in-paint control programs, reductions in lead content of
canned foods and beverages, reductions in lead released from ceranic
glazes, and the educational efforts on lead hazards. .
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