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DISCLAIMER

The material in this docunent has been subject to Agency
techni cal and policy review and approved for publication as an
EPA report. Mention of trade nanmes, products, or services does
not convey, and should not be interpreted as conveying, official
EPA approval, endorsenent, or recomendati on.
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Executive Summary

Several researchers have observed increased incidence
of | ead poisoning during sunmer nonths. Reasons for seasonal
rhythnms in blood-lead levels, if such a phenonenon is real, are
not imedi ately apparent. Altered human physi ol ogy and hi gher
| evel s of |ead exposure during the summer nonths have both been
postul ated as reasons for the tenporal variations.

This study was undertaken to exam ne tenporal variation
in blood- and environnental -1ead |evels in data observed for a
sanple of 249 children in Boston between 1979 and 1983 at the
Bri gham and Wonen's Hospital. The two prinmary objectives of this
study were to:

° Determ ne the extent to which bl ood-1ead | evels
recorded in the study conducted at the Brigham and
Wnen's Hospital exhibit seasonal variation.

o Determne if any existing seasonal trends in
bl ood-1ead | evels are correl ated with seasonal
trends in environmental |evels.

For each child in the study, blood-Iead and
envi ronnent al -1 ead neasurenents were collected |longitudinally
over a period of two years. Levels of lead in air, dust, water,
and soil were included in the environnental data. Nomnally,
between two and five neasurenents were taken for each response
(bl ood or environnmental lead) in six nonth increnents.

For the investigation of seasonal trends in the bl ood
and environnental neasures, each response was anal yzed
separately. For statistical reasons, responses were |og
transforned before analysis. In addition to seasonal variations,
the child s date of birth, and age were consi dered for possible
effects. Because significant correlations were observed between
t he repeated neasures taken on individual children, these



correlations were estinmated and incorporated into the nodel
esti mat es.

I n determ ni ng whet her seasonal conponents of variation
exi sted for each response, the first step was to nodel nonthly
averages and determ ne whether they exhibited systematic nonthly
variation. Although this approach reflected a significant source
of variation, the interpretation is cunbersone. Therefore,
because many of the nedia sanpl ed exhi bited higher levels in the
summer and |l ower levels in the winter, a sinusoidal (Fourier)
nodel was investigated for the seasonal conponent wth paraneters
to represent the nagnitude as well as the phase, or nonth of the
peak level. This approach was sufficient for nodeling | ead
| evels in the environnmental nedia. However, for blood, where the
maxi mum and the m ni nrum did not occur six nonths apart, a
slightly nore conplicated Fourier nodel was required.

Bl ood-l ead | evel s were found to have highly significant
seasonal variations (p<0.0001), with the maxi nrum nodel ed to occur
in late June, and the mnimumin March. The estimted maxi num
to-mninmumratio was 2.5. Wthout adjusting for other effects,
observed geonetric nean bl ood-1ead |l evels by nonth of year ranged
from2.1 pug/dl in February to 7.5 pg/dl in July. Age of child
was also found to be a significant factor; the square root of age
was found to be nore linearly related to bl ood-lead | evels than
was age itself. Consistent with other studies, blood-lead |Ievels
in children were found to increase with age.

Air-, floor dust-, furniture dust-, and w ndow sill
dust-lead |l evels all exhibited highly significant seasonal
variation. The estimated maxi numto-mninmumrati os were 2.3 for
air lead, 1.5 for floor dust lead, 1.4 for furniture dust |ead,
and 1.6 for window sill dust lead. Mdeled lead levels for air,
floor dust, and furniture dust all had peaks in July. ddly,
peak wi ndow sill dust-lead |evels were nodeled to occur in
Novenber. Each of these responses were also significantly



related to the date of neasurenent, with a decrease observed over
time. This is not unexpected due to the concurrent reduction in
t he use of | eaded gasoli ne.

The extent to which levels of |ead in blood were
correlated with levels of lead in the environnent was al so
eval uated. As stated above, the seasonal conponent of variation
in blood-lead |l evels was highly statistically significant.
However, after adjusting for the |inear effects of environnmental
measures, the (residual) blood-lead |evels did not exhibit even
mar gi nal Iy significant seasonal variation (at the 10 percent
l evel ).

These results do not necessarily inply a causal
rel ati onshi p between seasonal variation in environnental -Iead
| evel s and seasonal rhythns in blood-lead | evels. The fact that
there were arguably parallel rhythnms in bl ood- and, say, floor-
dust lead levels, doesn't inply that the blood-lead | evels are
influenced by the floor-dust lead levels. In particular, if the
floor dust-lead levels were to be nmultiplied by two, while
retaining the sane blood |l ead |l evels, and nodels were refit, the
sanme statistical significance |levels would be reported by this
anal ysis approach. Thus, it would be inportant to devel op a
physi ol ogi cal nodel relating |levels of lead in the environnent to
those in blood, before proclaimng a causal relationship.

Nonet hel ess in this data, which was collected in the
early 1980's froma specific set of children in Boston, there was
abundant evi dence supporting the existence and parallelismof the
seasonal variations anong bl ood-, air-, floor dust-, and
furniture dust-lead levels. The three environnental-1ead
measures peak in July which is very near the bl ood-|ead peak
month of June. In addition, the maxi mumto-mninmumratios in the
envi ronnment al -| ead neasures, ranging from1l1l.4 to 2.3, are of the
sane order of magnitude as the blood-lead ratio of 2.5. Thus,



based on the results of this study, it is quite plausible that
seasonal variations in environnmental -lead |evels contribute to
t he bl ood-1| ead rhyt hns.



