£r % UNITED STATES ENVIRONMENTAL PROTECTION AGENCY
g WASHINGTON, D.C. 20460

March 4, 1983

Dr. David Weil
Environmental Criteria
Assessment Office
US EPA
Research Tr1ang19 Park, N.C. 27711

Dear David,

I am enclosing the memo I have written that I would like
the reveiw panel to read before the meeting on next Thursday.
I have also enclosed a review by Dr. Dan Violette and Dr. Craig
Miller which I would also like shared with the panel. The copy
I am sending you is their first draft., They will send you
their final draft separately on Friday. I am enclosing this
copy as a backup in case the second one is inexplicably delayed.

Thank you very much, I will see you on Thursday.

Joel Schwartz, Ph.D
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UNITED STATES ENVIRONMENTAL PROTECTION AGENCY

Y o Y
@ﬁ WASHINGTON, D.C. 20460

March 3, 1983
MEMORANDUM

SUBJECT: The Use of NHANES 1I to Investigate the Relationship
between Gasoline Lead and Blood Lead

FROM: Joel Schwartz -
Office of Policy Analysis A\

TO: David Weil
Environmental Criteria Assessment Office _

You have asked for any additional comments on whether the
NHANES II data set can be used to examine the relationship between
gasoline lead and blood lead. This memo will focus on that issue,
and I will subsequently provide a more detailed memo amplifying on
our study. Since the issue of whether you can analyze the NHANES
data and how you analyze it are inextricably mixed, and since it
involves not merely theoretical issues but‘pragmatié ones including
the strength of association, I will also discuss our analysis here,

Our basic contention is that while the NHANES II data are not
optimal for studying this issue, nor most efficient, even an in-
efficient 10,00 person sample leaves the possibility of analyzing the
relationship, if properly controlled, and if the strength of associa-
tion is large enough. We believe it is possible to control for the
imperfections in the sample for these purposes, and that the associa-
tion is demonstrably strong enough to resolve the issue. We also
believe that the gquestion of how rigorous a test these analyses are

put to must be viewed in context., This context requires examining
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the rigor to which the air léad/blood lead studies are subjected,
and to which some of the medical effects studies are subjected,
» so that there is some consistency in the degree of statistical
4 igor regquired by. the criteria document, and so the panel examining
'the NHANES study understands the degree of uncertainty the Agency

has implicity indicated it is willing to accept.

Issues of Sample Control

The principle objection raised to using the NHANES II data is
that it was drawn sequentially in time, by two stands, each spending
two to three months at a site, and moving to another location. Thus,

the representation of different subgroups changed over time as the

——3 two sampling locations changed. While this is clearly a problem, the

extent of the problem is a function of how the gegression analysis
controlled for this, and of the pragmatic issue of whether those

subpopulation had different lead levels, or different responses to

gasoline lead.

By including dummy variables to account for level effect-iﬁﬁg
changes attributable to different demographic subgroups one can si
prevent changes in the mix of those groups from causing changes in
hinnd lead which the regression might otherwise attribute to gaso-

Tn our multiple regression analysis we controlled for three
age groups, three income groups, rural areas, cities, and large
cities, whether city residents lived inside the center city or in
suburbs, sex and race., Industry critics of the first analyses
CDC did of the NHANES data had emphasized that since children and

city residents have higher blood lead, it was important to control
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‘ for changes in their representation. The above dummy variables
appear to control for all the major demographic factors that have
been associated with differences in blood lead levels. Income,
race and outside .center city (which correlates well with post 1950

gﬁ%izﬁ housing),_should provide indirect control over lead paint exposure.

Food lead, as discussed in our paper, increased over the period,
and therefore the gasoline variable will not pick up any drop in
blood lead that should be attributed to decreased food lead.
Interaction terms also play an important role in controlling
for subpopulation changes. In addition to testing for and including,
significant interactions between demographic dummiés, we tested for
the interaction between main effects and gasoline. This allows us
to control for changes in the representation of groups that may have
different responses to gasoline lead, and avoid biasing the

gasoline coefficient. It is worth noting not merely that we

/

L]

/ controlled for this, but that the pragmatic results were telling.
g%)mn:al gas was statistically insignificant, i.e. inhabitants of
& ;

@
—38 rural areas had the same change in blood lead as gas lead changed

as urban residents did (Of course absolute rural levels were

lower). Inside center city was likewise not significant, and for

whites, children had the same rate of change asvadults. This

, increase our confidence that changes in the sampling of NHANES

over time do not invalidate our results, Finally it is worth

mentioning that during the survey the two stands were always kept

esm

in different regions of the country, that in general each stand yg&jz}
' ' . =
tested urban and rural residents of the county it was located =

in, and that they moved frequently enough, relative to the rate
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of change of gasoline lead usage, that the sample was not as

unrepresentative as some have implied, even before the use of ‘ '

dummy Variables. %ééiEy
Another important control we examined was to include time and o

season as explanatory variables, to see if they could make gasoline

lead insignificant. It is important to note first that there is

;gg E;no outside evidence that any other major source of lead was diminish-
ing during this period. Food lead increased and lead paint exposure

Thus there is no theo;

justification

ing time, it was merely examined to validate or invalidate

the association with gasoline. Including time puts gasoline's ex~
planatory power to a strenuous test, since it must compete against
another variable that is highly correlated with itself and blood
lead, Gasoline can do this by differing from time in its fine

ig) structure. (Gasoline lead did not change constantly, among other

b things it has a strong seasonal component.,) To further test its

explanatory power, however, we included seasonal dummies Which

could compete with gasoline's short term behavior in explaining

blood lead. In addition, we simultaneously examined the lag structure

for gasoline by including variables for two different months gasoline

lead usuage. Despite this, lagged gasoline lead was significant

at better than the 97% confidence level (F#5.34). Moreover since

we were testing the two gasoline variables jointly we should really

)

¢ compute a joint F test for them that would be even nore significant,

é@gizkyhen season (which was insignificant) was dropped, the F value for

?éggea gasoline rose to 7=2 « Thus even controlling for hypothetical
changes over time and season as well as the main effects and inter-
actions, gasoline was significant. These results are included in
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Appendix I including both the weigted OLS results and the Surregr
results which adjust the variances for the stratified sampling by
using an algorithm based on 32 pairs of psuedosampling units.

Finally, and perhaps most telling, we have inserted dummy vari-
ables for the sampling locations into the model to account for any
variations in blood lead levels due to the specific sites thenmselves
and not controlled for by the demographic dummies. The results of
this regression léave the gasoline lead variable with a t statistic
of 19 (before Surregr correction), and the coefficieint of lagged
gasoline lead is essentially identical to the sum of the coeffici-
ents for current month gasoline (PBNAT) and one month la »d gaso-
line (GASLAG) in the earlier models. It also attributegz§§§3%f the
mean blood lead over the four year period to the mean gasoiine lead
usage. We used only one gasoline variable in this run because of
the large size of the model. We also only used 48 variables for
the 48 site locations NCHS has released. The remaining 16 locations
have a population less than 100,000 and their location has not béen
released for reasons of confidentiality., We have represented them
all by one additional dummy.

This result is also included in Appendix I and indicates that
neither variation in subpopulation representation nor the choice or
pattern of sites themselves interferes with using the NHANES II
data to determine a relationship between gasoline lead and blood
lead.

Empirical Observations

The NHANES data cannot be examined in a vacuum, we must use

our knowledge of the etiology of lead exposure, and theoretical
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models, along with statistics. This other knowledge bears directly
on the ability to use the NHANES data. The absolute magnitude of
the drop in average_blodd lead levels, 5-6 ug/dl, severely limits
the number of vagiables that can be causally related to the drop
for the simple reason that few factors contribute as much as 1
ug/dl to blood lead. The possibility of mispecification error is
inherently limited, therefore.
The other principle factors that contribute large amounts
of blood lead, and which are capable of changing, are food and paint.l

As mentioned above, food lead intake did not decrease over the

period, Paint lead'is an unlikely explanatory variable for several
reasons,- First, paint is a more significant contributor to high
blood levels than to low ones., This is because exposure to paint
lead usually results in the absorption of enough lead to produce
large increases in blood lead. However, the NHANES II drop in
mean blood lead involved the entire distribution shifting. It was
not due to effects primarily concentrated in-the.upper end of the
distribution. Indeed, even low blood lead groups had significant
declines in blood lead. Second, adult blood leads fell as well as
children's blood lead, and adults generally do not eat paint,
Third, the drop occurred in suburbs of central cities. These have
a lower fraction of pre-1950 housing stock, and therefore inherently
less exposufe to lead paint, yet they showed the same drop and the

same gas lead coefficient. Finally, lead paint removal

1s0il lead due to years of buildup may contribute substantially,
however the only change in this factor would be the change in

most recent dustfall. This dustfall is principally due to gasoline,
which contributes about 90% of emissions of lead to the air.
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programs during this period reached only 50,000 of the 30 million
housing units with lead paint. Since thefe.do not seem to be any
omitted variables that could have accounted for any significant
fraction of the large magnitude change we saw in NHANES, we can be
more .confident about using the data for this type of analysis,
Another empirical fact supporting the use of the NHANES data
is the large seasonal variations present in both gasoline lead and
blood lead, Dr. Billick's data (from the New York, Chicago, and
Louiville screening programs) also verifies that this seasonality
has existed in blood lead for years before NHANES period. This
provides an opportunity to test gasoline's expianatory power over
two different scales, seasonal fluctuations and long term trends.
Moreover, the causes of the increase in gasoline lead in the summer
is a volume effect due to an increase in driving. The cause of the
long term drop in gasoline lead was a regulatory program that
effected density (grams per gallon). The fact that we can test
the relationship between two different time trends caused by different
factors makes the NHANES data more reliable than might otherwise be
thought. And the fact that season's are statistically insignificant
when gasoline is introduced, means that there is no statistically
significant difference between the short term and long term blood
lead to gasoline lead coefficients. The fact that these slopes are
Vo the same is an important verification of the procedure.
gzé%iz;g ' It also speaks to mispecification., It is difficult to

believe, for instance, that the amount of lead paint_in housing

——

Gé%QL oscillates seasonally. Moreover, in the summer children spend less
\:§\Q to indoors, exposed to interior paint. While there is some lead

paint on the exterior of housing, it is indoor lead paint that has
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been linked to undue lead exposure. In addition, much public
housing has brick exteriors.

Additionally, the lag structure for gasoline provides some
empirical guidancé on the ability to use the NHANES II data. If
gasoiine lead is merely a proxy for time, or some artifact of the

sampling path we would not expect an

to yield something meaningful., In particular, current gas lead,

one month lagged gas lead, two month lagged gas lead, etc., should
all be equal proxies for missing time. 1In fact, the lag structure
agrees well with what we would expect physically, Current and one
month lagged gasoline lead are significant, with the one month
lagged gasoline having the most significance and the highest coeffi-
cient. The latter lags fall off in significance and coefficient size,
This agrees with the view that gasoline lead in dustfall through
resuspension in the air and injection, is the major pathway between
gasoline lead and air lead. This lag structure is not consistant
with the view that gasoline lead is simply picking up a time trend
caused by some unexplained change in an unknown other factor,
ndopendent of the fact that no one has been éble to suggest a
reasonable other possible cause for the fall in blood lead. It

1ii x50 difficult to believe that the time pattern of the surveying
co:14 have produced this structure.

Finally, there are the confirmatory studies that put the use
of NHANES in perspective, PFirst, it should be noted that the lead
isotope study in Italy rémoves any doubt that gaseoline lead contri-
butes large amounts of lead to blood. By changing the isotopic

composition of the lead added to gasoline in the Turin area and
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looking at isotopic changes in blood lead, Fachetti and others
discovered that gasoline contributed 6-8 ug/dl to adult blood
lead. Moreover, blood lead in adults constantly re-equilibrates

with large stores of lead in bones. Studies by Rabinowitz indicate

—u1£§kthat-;t takes more than four months for blood lead isotopic ratios
v

to correctly reflect current exposure rather than historic isotope

ratios stored in bone. Therefore Fachetti et el concluded that

they may be underestimating the.contribution from gasoline,

Children equilibrate much faster since they have less bone lead
stores, Unfortunately the Turin study had no baseline ratios on
children. If one assumed children had the same baseline isotope
ratio as adults this would suggest substantially higher contributions
from gasoline. These results are in very good agreement with

NHANES regression, which also predicted 8 ug/dl from gasoline. of
course Italy is not the U.S. (on the one hand in 1976-80 Italians
used no unleaded gasoline, whereas about 34% of U,S. gas was

unleaded then. On the other hand U.S. cars got only about half

(?C\SD

the mileage of Italian_cars.) Nevertheless the conclusion that

gasoline contributes significant amounts to blood lead, on the

order of 5-10 ug seems reasonable to apply to the U,S as well as
Italy,

In addition to evidence confirming the reasonableness and
approximate magnitude of the generél results, there is evidence
that helps lay to rest concern over the way the NHANES survey
moved around the country. For example, Rabinowitz and Needleman
analyzed lead levels in the blood contained in the umbilical

cords of 11,837 birth between April 1979 and April 1981 in Boston
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lying In hospital. When they correlated these with local gasoline
lead emissions, and examined the lag structure, they found a
significant correlation (P<0.001), with the one month lagged gasoline
lead having the strongest relationship, as analysis of the NHANES
daia also indicated. They found 57% of the variance in blood

lead explained by gasoline. There were no significant trends of
smoking, education level, or alcohol consumption with blood lead
levels., Water lead levels appeared to rise over the period.

The ICF report on the NHANES data also shows the results
of regressions on the blood lead screeniné data in New York,
Chicago, and Louisville, done Separately for blacks and whites.
Again gasoline lead is a significant explanatory vari;ble
explaining most of the drop in blood lead. Again season is
insignificant in these cities, indicating that gasoline explains
seasonal as well as long term trends. While these children
are not a random sample of the population, appfoximately 20%
of all black preschool children were screened each year, making
it unlikely that variations in sampling produced these results.
These three city studies confirm that even if you stay in one
location, the strong relationship with gasoline holds. Thus
the regression results are unlikely to be significantly affected
by the way the sample was taken.

Similarly CDC tabulates summary statistics for those screening
reported to them each quarter., There are major changes in the level
of screening in each city over time, as well as in which ones reported,
80 this aggregated data is not very useful for regression purposes.

However, there were two discontinuous changes in EPA's lead rules
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in late 1979 and late 1980. The enclosed graph shows the percent
of children with lead toxicity nationwide, evidencing a clear
sign that the two regulatory changes produced drops in the percent

of toxic childréen. Therefore what happened in N.Y¥., Chicago and

P

Louisvillefappeared to occur nationwide, and dis uous changes

.innlead‘fuies.had perceptable impact. The accompanying graph .:Eigﬁr
for Providence shows the results are not a function of variations Qi%é}’
in cities reporting. '”

Again a study by the Illinois Institute for Environmental
Quality of the city of Morton Grove, an upper middle class suburb
(population 28,000) west of Chicago, consisting primarily of post
1950 housing found that children living within 200 feet of a major
roadway had a statistically significant (p<0.01) higher mean blood
lead than children living more than 200 feet from a major roadway.-
For children living within those boundaries all their lives, the
difference in mean blood leads was about 5.6 ug/dl., It is also
interesting to note that in 1974-75, when gas lead emissions were
very high, most of these white upper income children (living in
homes expected tp be free of lead paint) had blood lead levels over
20 ug/dl range. By the NHANES period similaf children had signifi-
¢, atly lower lead levels, and gasoline lead usuage was also down
significantly.
Consistency

As mentioned before, it is important for the,criteria.document
to apply consistent statistical standards across the body of data

it examines. We recognize that uncertainty is inherent ih evaluating
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data on the effects of a pollutant, and judgements must be made on
what is our best estimate based on available data. Since industry

representatives on the workgroup have suggested subjecting the

NHANES analyses to extremely rigorous examination, it is fruitful
to examine how other data already included in the criteria document |

have met these tests.

Medical Data

Medical data is clearly of a different nature that epidemiological
data, since it examines detectable biological changes. Nevertheless,
in order to get an ambient standard EPA must frequently know how
much of an effect occurs, and at exactly what lead levels. Queétions
of population representativeness and sample size are clearly relevant
here since different groups respond differently, and because even
homogeneous populations have distibutions of responses to environmental
stress, and small samples may misrepresent the size of the respbnse.

The health effects section of the criteria document nevertheless
relies on studies that frequently involve small and non répresentative
samples. This is for the excellent reason that those are fregquently
the only studies we have, and the agency cannot ignore the results.
Nevertheless this procedure cannot be ignored in evaluating the use
of dose response studies using the NHANES II data. One example of
this approach is a section of chapter twelve (P24 and 25) discussing
the affects of lead on inhibition of an enzyme (PY5H), Papers are
cited that studied 9 adult male workers, and 21 children, among
others in drawing conclusions about the degree of inhibition.

Obviously larger samples more representative of the U,S. population
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would have been desirable but clearly conclusions are capable of

being drawn from the existing studies.

Air lead/Blood lead studies

Clearly thesé studies are more relevant since they deal not
with medical effects but blood level response to environmental expo-
sure as the NHANES regressions did. They include (Chapter 11)
Griffen's study of 14 adult male prisoners exposed to lead aerosols
in chambers, Rabinowitz's study of 5 adult males volunteers simi-
larly exposed, and Kehoe's study of 12 subjects living in the
vicinity of a lead smelter. From these and other similar studies of
small nonrepresentative populations, EPA derived air lead to blood
lead ratio's which were used in 1978 to set the ambient standard.
They also receive prominence in the draft revised criteria document. -
A graphic representation of their results is included (Figure 13-2).
The real question that the panel should consider is whether regres-
sions between gasoline lead (90% of air lead emiésibns) and blood
lead, using the NHANES data, has anything to contribute to the
knowledge of the relationship between air emissions and blood lead
levels, and whether the three studies cited above have been put

to the same stringency of examination.
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Appendix 1

Multiple Regression Analyses of NHANES II Data

These show the weighted OLS results performed by
Surregr, a software package designed to properly
analyze stratified samples, While the coeffici-
ents are correct, these results overstate the F
statistics because of oversampling of extreme
groups, To correct this, Surregr next constructs
32 pairs of psuedosampling units and estimates
the correct variances. An example of one of
these second stage runs is included. All the
results in our paper use these final runs, the
first stage is displayed here to resolve ques-
tions that were raised abut whether we analyzed
individual or grouped data.
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TEENSLE 7.52

KiD _ 37 0.0545
Kil5As 0.1% 0,755
ATLTHALE 5.6 6.0650

BALE 1.8
RURRL 3.2
RURAL GRS 0.52
Sl : 43.51
INCOIES 45,30
IncorEz 25.30
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Fhiwil 37,84
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L . CARY, NG, 27513-8000 o
z STATISTICAL ANALYSIS SYSTEM 20:46 THURSDAY: MARCH 3, 1563
. OMODEL:  MODELOY SSE  205209.9 F RATIO 54,65
¥E 542 PROBOF 0.0001
DEP VAR: LEAD MSE 24491516 R-SOUARE 0.2673
0 PRRRETER - STANDWRD , VARIABLE
| VARJABE IF  ESTIME ERROR TRATID  PROBVIT! LABEL
INTERCEFT 3 244253 0.59%%7 4,05%5 0.0001
TEEN 1 0.077885  0.165768 0.5287 0.5984
i KD 1 2948726 0374653 16,8834 0,000
ADLTMNALE 1 3.6569% 0.219709 16,447 0.0001
MALE 1 LI21172 0.170349 £,5806 0.0001
. RURAL 1 -1,08365  0.386807 -2.8015 0.0051
, o SMAL 1 ~0.606628  0.396211 ~1.5311 0.125¢
t INCONEL 1 1.BO78%6  0.163280 11,5622 0.0001
L INCONEZ i 0.889720  0.119018 7.4772 0,0004
PBNAT] 1 2075042 0.104840 19,8303 0.0001 w— Ot moudn f(aged geolinl (ead
cIv2 1 -0.953882  O0.ML0041  ~2.0728 0.0382 Is milkon qang day
cIms 1 0.073215  0.695473 0.1053 0.5162 '
CITYS 1 -0,523557  0.644479 -0.8124 0.4184
cITYS 1 2706952 0.645278 4,067 0.0001
[B47) 1 0.93%055  0.472427 19877 0.0489
cITYs 1 -0.593583  0.481680 ~1,2325 0.2178
TImng 1 -0.163830  0.524281 ~0.3125 0.7547
CITYi0 1 ~D.041216  0,55¢119 ~0,0741 0.9407
CITViL 1 -0.8913%5  0.429897 ~2.0735 0.0352
cITvi2 1 1.SM%5  0.382878 4,5933 0.0001
CITH13 1 -0.143501  0,439473 ~0.3265 0.7430
CITV14 1 &4.543707  0.468142 9,7562 0.0001
CITv15 1 0.857415  0.604444 1.433 0. 1434
CITYS 1 0911101 0.508252 1.792¢ 0.0731
Lmyy 1 -0.570510  0.430307 1,358 0.1849
cITve 1 0.56078  0.637265  1.5128 0.1304
CITYIS 1 284471 - 0.555503 5. 1151 0.0001
CIT¥20 1 -1.921417  0.433118 4,432 0.0001
cImzt 1 L8383 0.623215 2,0678 0.03¢7
(0477, 1 -L.767785 0580179 -3.2725 0.0011
oI 1 -0.74%17  0.58180  -1.3%18 0.1630 Y
CITY24 1 1562597 0.398322 3.9230 0.00601
CiTY2s 1 0.37718  0.640972 0.5708 0.5683
TITvze 1 1133393 0,674583 -1.4801 0.0530
cIv27 1 3382883  0.831244 5.3591 ©.0001
£ITY29 §  0.052353  0,678400 0.0772 0.93%4
CITV30 1 2420880 0.503935 4.8032 0. 0001
LT3t 1 0.920688  0.51433% 3.5149 0,129
CING2 1 1007609  0.800625 1.8776 0.0935
CITYS3 1 0.39%83  0.517826 0.4459 0.5183
CITY34 1 -0,247098  0,420854 -0.5871 0.5571
CITY3S 1 02743 0.4 0.8521 0.5144
CITY3 1 0.422088  0.469418 0.9007 0.3478
cITvsy 1 155862 0.563003 2.768% 0.0056
cITYs 1 1878821 0.681264 Z.4643 0.0137
cITY3? 1 0.855217  0.5142%5 1.4892 0.1345
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PARNETER
ESTIMATE

2,.967630
0, 787219
0.369933
2.555033
-0, 4503462
0.383373
1.255387

LTSI
-0.794825
1.719354

STATISTICAL ANALYSIS SYSTER

SINDARD
ERROR

0.485727
0.516248
1.042507
0.435331
0. 582247
0.452761
0.497420

0.387244
0, 362457
0.437735

STATISTICAL ANALYSIS

. L e ——————

T RATIO

6.05%
1,549
0.9626
9.6108
-1, 17&
0.8457
2,923

8.5237
~2.0762
3.5276

PROBYITS

. 0001
0.1273
0.5737
0.0001
0.2338
0.3572
0.0116

0.0001
0.0377
0.0001

VARIRBLE
LABEL

SYSTEMN

20:4¢ THURSDRY, MARTH 3, 1983

20344 THURSDAY, MARCH 3. 1983
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Panagh

Mode! Number 4

Dependent Variable: Lead

32 Denominator Degrees of Freedom

* Independent Effect

INTERCEPT
TEEN
TEENMALE
KID
ADLTMALE
MALE
‘RURAL
SMALL
INCOME1
INCOME2
NGASPB
NGASPB(~1)

TEST FOR OVERAL MODEL

Coefficient

3.74
-.63
1.54
3.11
4.35
.66
-1.45
-1.00
1.21
+59
74
1.25

F Value Degrees of Freedom Probability

8.04 1 0.0079
15.20 1 ©0.0001
93.94 1 0.0000

169.23 1 0.0000

4.74 1 0.0369
14.91 1 0.0005

7.74 1 0.0090
16,50 1 0.0003
16.14 1 0.0003

4.54 1 0.0410

9.17 1 0.0048

168.26 11 0.0000

ICF lncorporated

e RS R T T T
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TABLE 2
LEAD IN THE DIET

Fiscal Estimated Lead in the Diet in Micrograms/Day

Year Infants Toddlers Males Aged 15-20
1973 ’ 60.4
1974 90.2
1975~ 21 26 67.2
1976 21 30 . 714
1977 22 28 79.3
1978 25 35 95.1
1979 36 46 81.7
1980 82.9

Source: Bureau of Foods, FDA, “Compliance Program
Report of Findings, Total Diet Studies.” FY 73-FY 80,

Note: Blanks indicate data not available.
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_ Appendix II
Umbilical Cord Analysis; Correlation with Gasoline
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PIETROL JEAD SATES AND UMBILICAL CORD BIAKOD
LEAD LEVELS IN BUSTON, MANSMACHUSETTS

S ~Practicelly ol the arber Jaad in Srecaan atie today
comes frem Jead addnncs i petre).’ Arhorne fead S heen sruced
10 baszan Pood® oand 1ased Jeves of srborne jead haw been
srsouand with increased blond lewd devely in nuny popuiations of
urtan dwellas, werkers, and shitdren.) Chat pes in Bines wad ower
time in children correlase \n'!. with manthiy changes w the
consumyrion of itaded prirol.?

We regers here.on the positive correleon benveen feveds o Iead
in wrn, ol cord blond anyd the mse o faded petol i
Massavtusets. bead levels weie measwmed o0 1185 bl
boosera Apuile 1979 and Apual. 19bl @ she Bosio . B In

eHospatal (now Brigham and Wosien's Hospital). Blood fead tevels
displaved both a definite downward trend wih nme and a sessomal
;umm % Locat motorzar use (and petrol cohsumption) incresses in
the sumar a0 vse of fead addin): £s has bres changing sevemtiy in
sespun ar to Feceral stordords. We Lave usod puirwise product
Wi 5is o teiatans of thic saonthly cord legd (mwans of atou S0
bisths each)and the monthly smoums of petrol lead sold us reporied
by comme:cial sources,
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GASOLINE LEAD SALES ¢ 10"gr/waneny

:4ublatvnula-sbtn'¢vuo
ey v wa

WMONTHS
Montlly mean umbilical cord blood Jead Jevel( ) and total bead in all
grades of pasoline nold in Massachusetsn (€ ).

The figroze displavs the monthly values and the table shows the
correlazion cocfficiants calculated wuh o variety of lag-times
berweern pais of monthly gasoline Jead saics and blood lead levels.
S:guficant corsclations were obacrved when ;.asohm Tead sales in
pne nonth were matche 2 with blaad lead daso & m !h samic month,
fo: the nev: meath, snd for the month ofter 1hai. Although both
varizbles were generally deciiming wath timee s u!’% 12 n.onths
pave mch rworer contelations T best Fitnng hnea vereelation ip

P I——

b Vetenany € omaainated 3t hatute: lead enrnnnments afnon And Lemen Hak
(LN l): e

2 ’R«‘ w40 siher. LI

T Movnpade of fead s gbe Jom revmesten by
FIRYY

] \wml‘n A, A-::cn) k«bau, Muvr'n lﬂ Navonal exumaies of blood Icad levely
Unoed Sares 1550- 3960 A Fnel P ALed 1982, 30%: $73

4 Pl s o e 2 Shae I hiateess ol pedantzie hlood Joad berely 1o head 1n gasoling.
! M2

Gerreney’ srerin e the Jad 0ij t12I8 10 aneimisea!
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Blond level e J 12 2 Y842 Iy, where oo the g 11 o brad
Fosnbne gm0V g e @ eatig ol AY --.u....:s‘. VAT el
sarianer in awees el l.... N TR FUR R S O 1
sarishic Thos may cvervstimnaic 10 soiny degrretda slopeodthe sive
s OuL0n, Fovdiss expnute (0 utdoor e in B oo s Beghes in
the sunimier fhoaas ot open windows and trme spent outdacss. So.
attreanng 570 o7 ine vananee solely 1o csavebine jeal saies wouid
nor take o acvoun: thy confounding seascnal changess 10
Moy o) the prepaant wonen te astmnelde oxlaeost

Wetound nu s.ailicant (20 3 monthly Nudtations or trers
0 paan volue o those siatentar fators suh as wobucon sewdang,
e ain, o1 alvols 2 azsaszaption whin b we cather demomineted
o bx preds tive o cond Fod Jead fevels in sdns popiilasan. Tap
water cullecied 21 1k homys of 249 of the chaldren at 1, 6, and 316
months showed a p1.dug! fise in Jead icvels nfabout 252 per vear,
beganmng at 5 up’t 0 1950, 3 low Jevel.

These ohservanons on the Je cancordance botween dlood Iad
and gasaline lead prompt us to recommend fusther reductons in
allow ahle pasoline fead coptent to bring Mood Jead concentrstinhe
gven clser 0 those previnhing 1p the pre-sndustvial era,

Harverd Moducal Schuro!.

Ch:ldren’s Hoopast Mcd.ond Crnre
Nosron, Massachusrin 021184\ A

AMICHAES, RasiNom itz

Drpetiments of Payahustey and Pediataice.
Unvervts of Fatrshusgh.
Patubureh. Pennerlsame

Hernert L. NEEDLEMAN
TRANSMISSION OF AGENT OF POST-TRANSFUSION
NON-A, NOX-B HEPATITIS BY CRYOPRECIPITATE
PREPARED FROM PLASMA OF SYMPTOMLESS

CHRONIC CARRIER

Six,—Nog-A, non-B (NANR} hepauns afier blood transfusion
oficn differs climcally from that which develops ranm ng infusion of
satihsemephibic factor tfactor Vi) concemsaic).! Cross-challenge
studies in chimpanzees suggest that these chmcal diflerences may
reficct she existence of two difTerent agents.? To determine \\h:x_lm
an spent tesponsible for many of most cases of blood trapsfusion
associated NANB hepatinng in the United States® gould alio be
transmittted by FVIID concentrate, which is purified from

ryoprcnpuilc, we produced cryoprecipitate from plasma
conizining shis agent.

The plasma used (inoculum 1) was that of a symptomless patient
‘who had acquired chronic NANB hepatitis after transfusions and
whosc blood hud t1ansmitted NANB hepatitis to man (vias hro&m
¢tapillary pipetteland 1o chsmpanues by experimental inoculation.*
Thisinoculum had a NANB hepatitis infectivity titre of shovt 100
chimpanzee infeciious doses per ml.

107 ml of inocutum 1 which had been stored comtinuousiy at
=20°C was thawed umiil the plasma was liquid at U°C. The
cryoprecipitate was recovered by cemttifugation at 900 g ¢mode!
RC 2B, Sorvall, Norwstk, Connccticut) for 20-mn st 65C. The
yicld ol cryoprecipitate was 1 - 1.g, It was tccorsmated in )0 mlofa
solution of 10 molT sodiuin casate and 135 mmo 1 sedism shloride
31 pH 7-0. The volume of the reconstituied cryoprecipitate was
ahou! one-tenth that ¢f 1he starting plasma and conained 16 mg
pv_mc:n.ml.

2 m of reconstiuled  cnvoprecpratt waey ineculated
inttavencusly inte a 14-month-old ferale chimpanzee woghing 8

weer had Drenborr 3z, 0 V0 S bres o o lomy L bl
had 5o pravr exposure 10 sources of bepasitis. ot hed put been
previously inoculated with any blowd, plasnu. er pias’n.::
denvatives. Agute hcp.ali\i_s. defined by the dote Leonnophilic
s, R w3y
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' Appendix III
Chicago, New York and Louisville Screening Data;
Multiple Regression with Gasoline
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TABLE 4
(Continued) ‘

RESULTS FROM CDC SCREENING DATA

Dependent Variable: Chicago, Black, Percent Over 30, Logistic

Sum of Squared Residual

Standard Error of the Regression

Mean of Dependent Variable

= Standard Deviation

Log of Likelihood Function

Number of Observations

Sum of Residuals

Durbin-Watson Statistic (Adjusted for 1.GAPS)

Right Hand Variable Estimated Coefficient

Constant -2.06177
SMSA Gas Lead .20082BE-01
Vinter - .802201E-01
Spring - .153203E-01
Summer +30173
Fall - .20619

Dependent Variable:

Sum of Squared Residual

Standard Error of the Regression

Mean of Dependent Varisable

Standard Deviation

Log of Likelihood Function

Number of Observations

Sum of Residuals

Durbin-Watson Statistic (Adjusted for 1.GAPS)

Right Hand Variable Estimated Coefficient

Constant -2.901420
SMSA Gas Lead .225653E-01
Winter .964186E-01
Spring ) .627358
Summer ' ~ ,626191E-01
Fall -~ .965362E-01

Ry wRn

903.7910
4.2947
~5.9293
5.3271
-155.0210
55.
-12.3123
0.6633

Standard Error

1.09922
.323946E-01
1.08125
1.07987
1.07956
1.08049

U O T |

236.7520
2.1981
-5.4757
2.5221
-118.1830
55.0000
-15.5591
0.9848

Standard Error

.611533 '

.370419E-01
.566928
.563742
.562615
.562510

T-Statistic

-1.87566
6.19942

- .741917E-01

- .141872E-01
. 27949

Chicago, White, Percent Over 30, Logistic

T-Statistic

~4.74450
6.09183
.17007
.11128
- ,11130
- ,17078

{CF Incorporated
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TABLE 4
RESULTS FROM CDC SCREENING DATA

T TR T e Wi s emiliunnid vion RS 2o S LI AT s Wi . T 19 kOt Lo AR e

Dependent Variable: New York, Black, Percent Over 30, Logistic

Sum of Squared Residual

Standard Error of the Regression :

Mean of Dependent Variable
_StandardADeviation

. Log of Likelihood Function

»  Sum of Residuals

Durbin-Watson Statistic (Adjusted for 1.GAPS)

Number of Observations

I I I B

1,565.410
6.994
-14.631
9.067
-130.098
40.
~25.960
0.704

Right Hand Variable Estimated Coefficient Standard Error T-Statistic

Constant =1.49686
SMSA Gas lLead 6.49250
Early Tri-State Gas Lead .23089
Later Tri-State Gas Lead - .92929
Winter - .23515
Spring - .14904
Summer .31506
Fall .691338E~01

2.03605

2.33997
.20763
.55681

1.75445

1,75109

1.75327

1.75120

- .73518
2.77461
1.11200

~1.66896

.13403

.851138E-01

.17970
.394780E~01

Dependent Variable: New York, White, Percent Over 30, Logistic

Sum of Squared Residual

Standard Error of the Regression :

Mean of Dependent Variable

Standard Deviation

Log of Likelihood Function

Number of Observations

Sum of Residuals

Lurbin-Watson Statistic (Adjusted for 1.GAPS)

T I I 1

96.7623

+1,7389
-7.5064
3.0394%
-74.4251
40,
~15.3735
1.3655

Right Hznd Variable Estimated Coefficient Standard Error  T-Statistic

Constent ~4.,16557

SMSA Gas Lead 5.09855
Early Tri~-State Gas Lead .59210
Later Tri-State Gas Lead - ,21366
Winter = .155031E-01
Spring - 14977
Summer .544287E-01
Fall .18870

1.03897
2.06430
.18678
.49413
.45508
L44233
45301
44248

~4.,00933
2.46986
3.16996
- .43240
.340670E-01
- .338600E-01 .
- .12015 '
42645

TEH 0532946
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TABLE 4
{Continued)

RESULTS FROM CDC SCREENING DATA

Dependent Variable: Louisville, Black, Percent Over 30, Logistic

Sum of Squared Residual = 328.7350
Standaxd Error of the Regression = 5.2340 -~ .
Mean of Dependent Variable = ~7.3389
Standard Deviation = 5.7024
- Log of Likelihcod Function = =51.6848 -
Number of Observations = 18.
, Sum of Residuals = -6.6824
Durbin-Watson Statistic (Adjusted for 1.GAPS) = 1.6956
Right Hand Variable Estimated Coefficient Standard Error T-Statistic
Constant - 2,84155 1.46965 -1.93349
SMSA Gas Lead 33.79160 10.35040 . 3.26478
Winter .853627E-01 1.32522 .644138E-01
Spring .18590 1.32784 .140039E-01
Summex .161720E~01 1.33636 .121016E-01
Fall - .28748 1.33014 - .21613

Dependent Variable:

Louisville, White, Percent Over 30, Logistic

Sum of Squared Residunal = 97.94640
Standerd Error of the Regression = 2.85696
Mean of Dependent Varisble = -6.17638
ket Standard Devistion = 3.04550
EEX Log of Likelihood Function = -40.78730
Number of Observations = 18.
o Sum of Residuals = =~5_.82555
---.’z. Durbin-Watson Statistic (Adjusted for 1.GAPS) = 1.83540
. Right Hand Variable Estimated Coefficient Standard Error T-Statistic
ot X
e Constent - 3.07121 .91819¢ -3.34482
SMSA Ges Lead 35.22030 8§.873070 3.37439
¥ Winter .753012E-01 .739037 .10189
ﬁ% Spring .16809 .737968 .22778
: Summer .335372E-01 741039 - .452570E-01
Fall - .20986 741126 -~ .28316

i C!;' Incorporated

DUP050034217
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- Energy and Resource Consultants, Inc.

P O. Drawer O, Boulde!. CO 80306 L4 (303) 449-5515

THE USEFULNESS OF THE NHANES 11 DATA
FOR DISCERNING THE RELATIONSHIP BETWEEN
GASOLINE LEAD USAGE AND BLOOD LEAD LEVELS IN AMERICANS
AND
A REVIEW OF ICF'S ANALYSIS USING THE NHANES Il DATA

Prepared for:
Environmental Protection Agency

Office of Policy Analysis

March 1983

Contact:

Dr. Daniel Violette
Dr. Craig Miller

Our Ref: MEMO-SCHAR (100) | TEH 0532948
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- Energy and Resource Consultants, Inc. -

MEMORANDUM
The Usefulness of the NHANES Il Data for Discerning
The Relationship Between Lead in Gasoline and Blood Lead Levels in Americans
and A Review of ICF'S Analysis Using the NHANES 1 Data

Date: March &, 1983
To:  Joel scr*‘.artz, Office of Policy Analysis, U,S.EPA
From: Dr. Daniel Violette and Dr. Craig Miller

This communication Is in response to your request that we review the use of the NHANES
11 data in the December 19382 report entitled "The Relationship Between Gasoline Lead
Usage and Blood Lead levels in Americans: A Statistical Analysis of the NHANES II
Data" prepared by ICF, Inc. As you know, our firm is currently working with the De-
partment of Biometrics at the University of Colorado on a project using the NHANES I
and II data to examine potential relationships between hazardous air pollutants and
health effects. Ih a previous project, Dr. Violette reviewed statistical studies relating
air pollution to health effects for the National Commission on Air .'Qu'ali-tj. That latter

work appeared in Environmental Policy: Air Quality, edited by G. S. Tolley and P. E.

Graves, and published by Ballinger in 1981. Dr. Miller's experience includes managing a
statistical project examining the relationship bgtWeen soft water and heart disease. With
this experience, as well our participation in many nonhealth related statistical projects,

we feel qualified to comment on the ICF study.

The background documents provided to us depict a lively debate, although a good portion
of the controversy appears to be fueled by misunderstandings of the statistical ap-
proaches used by the authors of the different papers. This is particularly apparent in the

ICF comments (3) on the Ethyl Corporation Analysis (2) and the replies by Draper (5) and

TEH 0532949 .
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Energy and Resource Consultants, inc.

Bradley {6). We feel that it is important to point out that Draper's very critical com-
ments were confined to ICF's critique of Ethyl Corporation's analysis and were not
directed at ICF's statistical analysis presented in either their October 1982 (4) or
December 1982 (1) reports.

In general, we feel that the ICF use ;>f the NHANES II data is appropriate; the analysis is
sound statistically and the resuits provide useful and needed insights into the possible
relationship between lead in gasoline and blood lead levels. As is true for any statistical
study, improvements are possible, and we offer several suggestions in this regard. In the
balance of this communication, we will address whether the NHANES II data can reason-
ably be used to study changes in blood lead levels over time, offer some general
comments on the ICF analysis (1), and make a few comments on the Ethyl Corporation
analysis (2) that we feel were not covered in previous ¢ri_t’iques. We would enjoy pre-
paring more detailed comments on the statistical analyses performed to date, but it was

not possible to do so and meet the requested delivery time for this communication.

The first question concerns whether it is appropriate to use the NHANES II data to ex-
amine changes in blood lead levels over time. The NHANES I data was designed tobe a
cross-sectional—-not a time-series study. The time trends that are available stem from
the five-year duration of the samp_lihg program. Over the five-year period, two sampling
stations were used to obtain data at a number of locations, with each location being
sampled once. The result is not a conventional set of time series data where there are
observations on individuals at a single site in successive time periods. The data set
contains information on individuals in different sites for the different time periods. This
results in a "moving" sample over time. The general concern is that this data set does

not constitute a representative random sample at each point in time and, therefore,

could bias the statistical analysis.
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After reviewing the data set and the comments by the different reviewers, it is our con-
clusion that it is perfectly appropriate to use the NHANES 1l data set as part of an effort
to determine whether any trends in the data during the 1976 to 1980 time frame can be
explained. However, use of an analysis based on this data to forecast trends for the
nation must be done carefully and with full recognition of possible sampling biases. We
are drawing a distinction between an analysis of what is going on within the data set
(which is perfectly appropriate) and using the data to forecast national trends. The
validity of any forecasts based on the data must be judgmentally determined. 1f a strong
relationship between lead in gasoline and blood lead levels is found, then the implications
of this finding for the nation should be explored and the information provided to policy
makers with the appropriate caveats. This second use of the data, i.e., forecasting, ‘mﬁst

be based on sound judgment, but it is surely an appropriate use. This is particularly true

if this data set is one of the few available for examining the relationship between gaso- -

line lead and blood lead levels. This being the case, the useful information available

from this data should not be ignored.

It is not appropriate to ignore the information from such a data set simply because it is
not a representative random sample, Further, few data sets used in health studies are
representative randorn samples in the strictest sense. The literature on health effects
contalns many examples where "natural experiments" were used. These analyses use data
from several locations that have been subject to different environmental impacts. The
choice of locations is not random, but stems from the availability of unique data. The
data is analyzed statistically with controls for as many potential biases as possible, and
judgmental extrapolations to a larger population are made. The use of the NHANES Il

data by ICF is just as appropriate, if the potential biases are controlled.

This conclusion seems to be shared by the different individuals who have been involved in

the debate, Bradley (6) on pages 15 and 16 in reference to the NHANES 1l data states:
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If it were possible to devise a planned, controlled experiment to directly
examine the effect of lead in automobile emissions on human blood lead,
we would not need a sample of the U.S. population but rather homogenous
groups of individuals falling into specified personal characteristic groups
- subjected to controlled exposure to automobile emissions. Such an exper-
iment seems impossible, but the Ethyl Corporation's examination of -
individual records with variable exposure because of gasoline lead use may
be as close as one can come to the desired experiment. It is not necessary
to have population estimates. It is only necessary to examine the rela-
tionship of blood lead to a measure of exposure after standardizing in so
far as possible for other causes of variation. (Emphasis added.)

The analysis by the Ethyl Corporation (2) states on page 21:
«.there was a need to analyze the NHANES Il data using techniques
designed to reduce (or eliminate) the confounding of these variables,
which is inherent in the experimental design of the NHANES 1I study. To
accomplish this objective, we designed a linear regression model that was
used to eliminate the effects on blood lead (dependent variable) of per-

sonal characteristics (independent variables)-—age, sex, race and family
income.

These statements by the parties that have participated in the debate indicate that use of
the NHANES II data is appropriate as long as variables are incorporated to control for
the potential biases that may occur due to the NHANES Il s&mp’ling procedures, The
objections that were raised by the Ethyl Corporation (2) and Bradley (6) were to the use
of simple correllations between gasoline lead and blood lead levels that were used by
Hauk (7) and in other earlier analyses. They did not criticize the use of multivariate
analysis of the NHANES Il data, which can control for these potential biases. We fully

ag.w with this interpretation.

The ICF Analysis

This section will briefly discuss the December 1982 ICF analysis. The discussion of
potential sources of biases in the models (ICF, p. 5) is quite complete, and the methods
used to control for these potential biases (ICF, p.6) represent good statistical practice.

ICF controls for the changes in the locations and mix of persons sampled over the period

PR
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of the NHANES 1I survey by incorporating a variety of subpopulation explanatory vari-
ables (such as age, income, urban, etc.). This is standard practice and might be fully
adequate for controlling for the potential biases. However, a more extensive set of
control variables coﬁldl be used. In particular, 0-1 dummy variables for each site could be
incorporated into the ahalysis. The incorporation of site dummy variables should not be
restricted by the sample size, since on average, blood lead levels for 150 people were
taken at each of the 64 locations. The incorporation of site dummy variables would
capture the effects of variables specific to each location that may influence the blood
lead levels of the individuals but were omitted from the equation. The dummies could be
entered as additive terms, thereby allowing the intercept to vary for each site, or they
could be entered as multiplicative interaction terms which would allow the coefficients
on the independent variables (e.g., gasoline lead) to vary across sites. The use of site
dummy variables should better control for potential biases due to the NHANES II .

sampling procedure."

Although the ICF analysis is sound, there were several points we found confusing that had
" to be cleared up in conversation with the authors. In examining the presentation of the
ICF results in Table 5, we were uncertain whether they had used the 10,000 plus observa-
tions on individuals or had aggregated the data and used the average blood lead values for
-each location as the dependent variable. The source of tl(‘xe confusion was the 32 degrees
of freedom associated with each regression run presented in Table 5 and the lack of an
explicit definition of the dependent variable used. With observations on thousands of
individuals and only 15 independent variables in the equation, one would have expected a
much larger number of degrees of freedom for the regression. The ICF authors explained

that the use of the SURREGR program to adjust for the NHANES II stratified sampling

1 ICF has informed us that ‘they are incorporating site dummy variables in their next
analysis.
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scheme accounted for the reduced degrees of freedom and that they had used the data on
individuals. Incorporating an explanation of SURREGR in the report would allow for a
better understanding of the analysis. We still are not quite sure if the 32 degrees of
freedom listed in Table 5 constrains the number of variables that can be included m the

regression equation or whether it is an independent constraint on SURREGR.

A second suggestion Is to better qualify the conclusions of the analysis, particularly as
they appear in the Executive Summary. A reader becomes very wary when confronted
with adamant and positive conclusions based on any statistical study. Qualifications are
particularly necessary when presenting forecasts basad on this data set. For example, it
is assumed that all potential confounding factors in the sample have been removed, and

this should be stated.

In conclusion, the ICF analysis is sound, and the results—with appropriate qualifications—
should be considered as one piece of information useful for setting standards. Of course,
more could have been done, but the analysis is typical in quality and approach of the

statistical studies that appear in the published literature on health effects.

Comparison to the Ethyl Corporation Analysis

If the ICF analysis is sound and their finding of a stong positive relationship between the
amount of lead in gasoline and measured blood lead levels re,a;sonablé, then what explains
the difference in the results between the Ethyl Corporation's analysis and the ICF
study? We believe the difference in the results can be at least partially explained by the
different independent variables used by Ethyl to represent gasoline lead levels and the
two-stage procedure they used. Both of these factors, in our view, bias the estimated
relationship between lead in gasoline and blood lead levels in the direction of finding no

relationship.
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First, it is clear that the two-stage approach biases the estimated coefficients on gaso-
line lead levels towards zero. In the first step, Ethyl regresses site dummy variables, age
level, race, sex and income (99 variables in all) against the mean blood lead Jevels. The
residual variatjon (i.e., unexplained variation) from this first stage is then the indepen-
dent variable in the second stage where variables related to lead in gasoline are
included. This two-stage approach assumes that any common covariation between the
second-stage gasoline lead variables and the independent variables in the first stage are
attributable entirely to the first-stage variables in their .explanation of the dependent
variable (i.e., blood lead levels). I lead in gasoline is felt to be likely to influence the
blood lead levels, them omitted variable bias will be introduced into the first stage
regression, The severity of this bias will depend upon how closely the omitted gasoline
lead variables are correlated with the variables included in the first stage regression.
The result will always be a downward bias in the estimated coefficient in the second- -
stage regression. The extent of the bias will depend upon how closely the gasoline lead
variables are correlated with the first stage variables. This determines how much of the
variation in blood lead levels that could be due to variations in the lead in gasoline, is
now falsely attributed to the first stage independent variables. Ethylshows in Figures 3,
4 and 5 of their analysis that there is likely to be a strong correlation between lead in
sasoline and the age level since both have declined over time.2 Even if this were not the

crs2, regressing the 99 variables against the blood lead levels would likely explain a fair

2 There is another variable used by Ethyl in their first stage regression that might be
cecrelated with the lead in gasoline variable. Rather than using a set of sixty-three 0-1
dummy variables to control for individual observations taken at the 64 different loca-
s, Lihyl assigned the locations numbers from 1 through 64 and, apparently, used this
variable in their regression (see page A-1 of reference 2). It is not clear how these num-
bers were assigned to the locations. If they were assigned according to the time the lo-
cation was sampled, with the first location being 1 and the last being 64, then an obvious
time trend Is introduced into the first stage regression that will be positively correlated
with any variables increasing over time and negatively correlated with any variables de-
creasing over time. Even if not ordered by time, it is not clear why one site should have
a different weight (value) than another and an arbitrary weighting or trend is introduced
as a variable in the regression.
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portion of the variance, leaving a highly random residual to be explained in the second
stage. As a result, Ethyl's statement on page A-3 of the appendix that “the correlation
of the relationship between gasoline lead and blood lead should be strengthened when the

effects of age, sex, race, and income level are removed" is incorrect.

Finally, the two independent variables used to proxy the amount of lead in gasoline in the
second stage regression would appear to introduce sizable measurement errors. It is a
mystery why Ethyl did not directly incorporate the data they had on the levels of lead in
gasoline as an independent variable in the regression. Instead, Ethyl used population
density and gasoline lead usage for the state divided by the area of the state as the inde-
pendent variables. Population density is used "since gasoline lead usage would be
expected to be highly correlated with population, therefore population density would
roughly be interpreted as an indicator of the gasoline lead usage per unit area and thus
represents the local alr-lead concentration exposure,” Of course, there are many poten- '
tial problems with this proxy measure. Sites that are less dense but have poor public
transit such as those in the South and West may have higher lead exposures than areas
with a higher population density due to a higher consumption of gasoline, Further, the
amount of lead in gawline has declined considerably over the 1976 to 1980 NHANES 1l
sampling period while the pop.ﬁlation density at a location will have remained essentially
constant. As a result, two locations with the same population density would have very
different exposures to lead in the atmosphere from gasoline consumption, if one were
sampled early in the NHANES II period and the other sampled late. Using the population
density as an independent variable cannot capture this change in lead content of gasoline
over the sampling period and, therefore, is a poor proxy for exposure to lead from gaso-

line consumption..

The other gasoline lead variable (state gasoline lead use divided by state area) is meant
to provide a variable to represent lead fallout entering the food chain. One need only

consider that much of the food consumed in any region is not grown in state and the pro-

3 ' TEH 0532956

DUP050034226




0 d b e ot il St e NS N AP 5 St I L S 7 ot o Sl A e et S T gl T AT R e R e e

Energy and Resource Consultants, Inc.

portion of in-state food which is consumed Jocally will vary between states (e.g.,

California versus Arizona).

With the two-stage approach and the unusual proxy variables for lead in gasoline, it is not

surprising to us that no significant relationship was found in the Ethy! analysis,

Final Comments

Any evaluation of the appropriateness of data and analyses for inclusion in a survey or
summary document should take into account the body of research that hasbeen accumu-~
jated. The appropriate criteria for inclusion concerns whether the study under consider-

ation makes a positive contribution to the research, not whether the study is perfect in

all respects. Obviously, it would have been desirable to have time series data for an

unchanging set of locations but, with the incorporation of contro! variables in a multi-
variate regression analysis, the use of the NHANES Il data is appropriate. We feel that
the ICF analysis does make a positive contribution to the literature and should be
included in any compilation of research on the relationship between lead in gasoline and
blood lead levels. Of course, a p.olicyudecision is never made on just one statistical study,
but is based on the weight of the evidence wh.ich incorporates both laboratory studies and
epidemiological studies. The ICF study is one piece of information that should be consi-

dered.

As a final note, both Dr. Violette and Dr. Miller have reviewed many of the studies that
were included in the document, "Air Quality Criteria for Particulate Matter and Sulfur
Oxides--Volume 1V, Health Effects.” The appropriateness of the data set and the statis-
tical analysis used in the ICF study are of a quality comparable to the epidemiological
studies included in chapter 14 of the above Criteria Document and, in fact, are better

than many of the studies included in that document.
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