Lipfert et al. (2) of 1980 sulfate mortality
data has already considered the available
Inhalable Particle Network dichotomous
sulfate dataset and a computer model simu-
lated sulfate dataset. Both are free of sulfate
artifact, but still give sulfate coefficients that
have elasticities not significantly different
from those we reported.

Similarly, Lipfert and Morris doubt the
validity of our results “as smoking, diet, water
hardness, and migration were not accounted
for. . . .> However, these factors are only of
concern if they confound the analysis by
covarying strongly with sulfate measurements
(3). Again, the cross-sectional analysis by
Lipfert et al. (2) has ‘already shown that
smoking and water hardness are not signifi-
cantly correlated with sulfates. More impor-
tant, after these factors (and migration) were

into their cross-sectional mor-
tality regressions (which we believe are often
overspecified), the 1980 sulfate coefficient
was still significant and not statistically differ-
ent from a sulfate coefficient produced by a
model without such factors. Moreover, a
further analysis of the 1980 dataset, which
considered more than 300 Standard Metro-
politan Statistical Areas (SMSAs) and more
complete model speaﬁmtlons (for example,
smoking, tmgratlon, racial mix, health care,
industrial mix, and climate), also confirms the
robustness of the sulfate coefficient that we
reported in our original research (4).

Lipfert et al. have also considered the other
pollutants they mention, concluding that au-
tomotive related pollutants (ozone, lead, and
carbon monoxide) did not yield significant
positive coefficients and could be eliminated
from consideration (2). In the end, after
factors they now raise in their letter, Lipfert e¢
al. reported a sulfate mortality elasticity rang-
ing from 2.8 to 13%, which coincides well
with our originally estimated range of 4 to
99%. Thus, the 1980 sulfate mortality coeffi-
cient we reported in our work has actually
proven quite insensitive to the factors raised
by Lipfert and Morris.

‘Lipfert and Morris also express concerns
about potential biases in “ecological” studies.
We tested our results for potential biases by
conducting several sensitivity analyses, in-
cluding region-specific mortality data regres-
sions on spatially averaged mortality and pol-
lution data (1). None of these analyses

the presence of significant con-
founding of variables. Lipfert and Morris
raise the possibility that the weak relationship
found between total suspended particulate
matter (TSP) and human mortality can be

accounted for by the fact that central monitor .

measurements are less representative of re-
gional TSP than they are of regional sulfates.
That is why we also considered multiple site
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-SMSA averages of pollution measurements

during our sensitivity analyses. We found no
appreciable changes (7). The fine particle
component is the portion that can most readi-
ly enter the thorax and is therefore thought to
be the most pernicious part of TSP. On this
basis, the U.S. Environmental Protection
Agcncy (EPA) changed from a TSP to an

inhalable particle standard in 1987 (5). More-
over, of the fine particles, the acidic acrosol
(of which sulfates are a major component) is
thought to be of such special health concern
that the EPA Clean Air Scientific Advisory
Committee has recommended that the agency
consider whether acidic aerosols should be
added to the agency’s list of criteria pollut-
ants.

In summary, considering all the subse-
quent analyses and biological plausibility, it
is more likely than ever that our results are a
product of a valid relationship between sul-
fate air pollution and human health effects.

GEORGE D. THURSTON
New York University Institute of
Environmental Medicine,
Long Meadow Road, Tuxedo, NY 10987
HALUK OZKAYNAK
Department of Environmental Health,
Harvard School of Public Health,
655 Huntington Avenue,
Boston, MA 02115
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