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John M. Pierrard
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RECOMMENDATIONS

□ (1) Acceptable as is

D (2) Acceptable alter minor revision

B (3) Acceptable after major revision

□ (4} Not acceptable

If you have checked cither 3 or A, 
please specifically state reason(s) in 
the comments space below.

Additional Contributors to Document
Review (Name and Affiliation)

Prof. Richard L. Anderson
Statistical Consultant
Lexington, KY 40502

Charles G. Pfeifer
Ronald D. Snee
E. I, du Pont de Nemours and Co., Inc. 
Wilmington, DE 19898

fh.

✓ Raviewer's Signature Date

General Comments (use extra pages if needed, tut please be concise)

These comments relate to the treatment of the NHANES II blood lead results and 
the associated report of the Time Trend Analysis Review Group, and the Billick 
analysis of blood lead screening data. We are convinced that major changes in 
the criteria document are required to accurately portray the meanings of these 
studies. Du Pont has conducted comprehensive separate analyses of the studies 
and is submitting, as part of this document review, the reports, "Analysis of 
Reported Blood Lead Level Declines During NHANES II and Their Relationship To 
The Survey Design and Gasoline Lead Exposure" and "Analysis of a Study by The 
Department of Housing and Urban Development on Blood Lead Levels of Children in 
New York City". We are further submitting the report "Comments on January, 
1984 Draft of Du Font's Analysis of Blood Lead Level Declines", by Dr. R, L, 
Anderson, Professor of Statistics in the Statistics Department and Assistant to 
the Dean for Statistical Services, College of Agriculture, University of 
Kentucky, and former President of the American Statistical Association.

*If comments being submitted on behalf of another organization, include that 
information.
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General Comments (Continued)

As noted in our report on the NHANES II blood lead study, we believe that the 
report of the Time Trend Analysis Review Group leaves the misleading 
impression that the reported 5-6 ug/dl blood lead decrease actually occurred, 
whereas our analysis, making use of statistical techniques and site location 
data beyond those in the analyses reviewed by the Group, shows that up to 70 
percent of the reported decline in blood lead levels is explainable by survey 
demographics.

Our analysis of the NHANES II data and our review of the CDC, NCHS and EPA 
analyses lead to the further conclusions that (1) the analyses reported by 
CDC, et al, which formed the basis for the Group review, are flawed by 
technical error and their conclusions are misleading, (2) national gasoline 
lead use is an inappropriate measure of gasoline lead exposure; site specific 
gasoline lead use is more appropriate, (3) when site specific gasoline lead is 
used as the exposure measure, gasoline lead use accounts for only 0.25 to 0.75 
yg/dl of the reported blood lead decline, and (4) factors in addition to 
differential site demographics and gasoline lead exposure are responsible for 
some of the reported blood lead decline.

As noted in his review. Prof. Anderson concurs with our findings on the 
technical errors in the analyses of CDC, et al, as well as the superiority of 
our analytic approach. The January, 1984 draft of our report, reviewed by 
Prof. Anderson, contained the identical technical substance as the edited 
version submitted as part of this review.

For these reasons, we strongly recommend that the Review Group make appro­
priate amendments to their report after review of our analyses, and that the 
Criteria Document also be appropriately amended.

Based on Du Pont Vs. analysis of the New York City blood lead study, we conclude 
that neither HUD's gasoline lead data nor the New York City blood lead data 
are adequate to determine a meaningful blood lead-gasoline lead relationship. 
As detailed in our report, we maintain that EPA's reliance on the HUD study is 
improper because (!) HUD used the wrong data to represent gasoline lead use in 
New York City, (2) the HUD blood lead data are seriously flawed by sampling 
irregularities, procedure changes and data handling inconsistencies, (3) HUD'S 
treatment of the blood lead data suffers from serious deficiencies which 
further contribute to the already formidable difficulties in proper inter­
pretation, (4) HUD's blood lead-gasoline lead relationship is unreliable.

Accordingly, we recommend that the Criteria Document be appropriately amended 
to more accurately reflect the significant limitations of the Billick studies.
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COMMENTS ON JANUARY 1984 DRAFT OF

DUPONT'S ANALYSIS OF BLOOD LEAD LEVEL DECLINES

R. L. Anderson*

1. Model (1) in Section IIIA is better than that presumably used by CDC/EPA, 

because it includes between site effects of the within site X-Variables.

2. The use of a two stage procedure is approved because the between-site X and 

Z values are orthogonal to the within-site X variables. If we have an X'% 

matrix As follows:

This two-stage procedure avoids the necessity of using a more complicated weight 

matrix. The latter would be needed in a single-stage analysis because a two-stage 

sampling plan involves both within and between site variance components. It is 

quite possible that the use of between site regression coefficients as well as 

within site regression coefficients will reduce the size of the trend decline in 

blood lead levels.

•Statistical Consultant, 33119 Braemer Dr., Lexington, Ky. 40502. 

February 10, 1984

X’ X X-Zww w "

TEH 0530006

DUP050030919



2/

3. When we now append a vector, say T, for the linear trend to the W-part of the above

matrix, we note that (X^ T) and (Z^ .T) will not be null. It appears from the

discussion of the CSMB -procedure that T was not adjusted for X and Z ; if .so, the
w w

CSMB - procedure probably will produce a biased estimate of the linear time trend 

of blood lead levels.

On the other hand, the unbiased estimate of this linear time trend by adjusting 

for T and T (as I presume was done in the CDC/EPA procedure) may not provide 

an unbiased estimate of the change in blood lead level per unit time. In a multiple 

regression model with a number of X's and T,

EY = ZB X + 
i i i

V = Vl btT’

b^ represents the predicted change in Y when X. is increased by one unit, provided 

the other X’s remain fixed. Unfortunately in the blood lead problem, if we change 

T by one unit,.many of the X’s will change; hence, an unbiased effect of a unit 

change in time probably is not bfc.

There is no known statistical technique to handle the last problem, but I would 

examine the X, Z and T vectors to see if it is possible to obtain sets for which 

the row elements of the (X(Z) vectors are nearly alike. Determine the population 

weight and the value of bfc for each set. Then weight the bfc’s by the population 

weights. This weighted average b^. should have less bias than the over-all b^; 

however, its variance might be increased so much that its mean square error is not 

improved. This is a problem which should have been understood before the survey 

design was selected. I believe it would have been possible to select a survey 

design which would have minimized the bias in b as an estimator of the true time trend 

in blood lead level.
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h. An important aspect of this investigation should be an attempt to explain the 

decline in blood lead levels over time by one or more causitive variables.

Time is an innocent surrogate for unidentified causitive variables. One such 

possible causitive variable is the amount of gas lead explosure. I would hope 

that something better could be used than site exposure based on National Gas 

Pb. Hie site specific variable suggested by the Dupont investigators appears to 

be more useful. I would like to see how much of the decline in blood lead 

level can be attributed to this site specific gas lead variable, when the proper 

adjustment mentioned above for T is used. One computational procedure is to 

determine the value of b. after adjustment for gas lead as well as the other 

site variables.

5. I would also suggest that we analyze gas lead in the same way as blood lead 

(i.e., gas lead as the dependent variable, y); then perhaps we should consider 

a canonical correlation between the two regressions. In other words one 

essentially has three regressions:

E(blood lead) = £6^^ +B^T;

E(gas lead) = SsiXi + 8 tT

E(blood lead) - BE(gas lead).

I am not an expert in multivariable analysis, but it appears we have here two 

random variables (amount of blood lead and amount of gas lead), with a large 

number of non-random causitive variables plus T, the surrogate for other un­

named causitive variables. Perhaps there is a better procedure to analyze such 

data than using multiple regression. I feel that the CDC/EPA report dodges 

the many important aspects of this problem. I sympathize with anyone who attempts

TEH 0530008
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to analyze data based on a poor survey design. I cannot understand why there 

were not some revisits to the same sites and if possible to the same respondents.

I thought that the use of overlapping samples was almost obligatory for detecting time 

trends (see the work of Kulldorff, among others).

6. In this respect, I was asked to comment on the need to consider the survey design 

in 'the analysis. I realize that many of my colleagues would advocate such, but

I doubt that the improvement in estimates would even Compensate for the added 

variability induced by the use of estimated weights; for this reason, I applaud 

the two-step procedure by the Dupont statisticians.

7. Finally, it appears that even with the use of the amount of gas lead in the analysis, 

there may remain a large unexplained downward trend in blood lead levels, I 

suggest that the model include a(0,1) dummy variable for before and after

the late 1979 regulation. I would also attempt to discover if there were some 

other variables which might explain some of the extremely high and low blood lead 

site values (Figure 1, 2. and 3 in Section III).
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D 0} Acceptable as is
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General Comments (use extra pages if needed, but please be concise)

1. Refer to end of Section 11.3.5, page 31,

Reference to analytical variability and associated impact on misclassif lo­
cations is important. This discussion needs to be extended to other 
studies as well. In our comments of January 31, 1983 to David Weil on 
the December 15, 1982 draft of Chapter 11, we offered a table (Table B.l, 
page 31) comparing variance components for six studies. We regard such a 
table and improved discussion of analytical and person-to-person variance 
components as essential to the Criteria Document. Attached is a copy of 
this table.

*I£ comments being submitted on behalf of another organization, include that 
information.
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General Comments (Continued)

2. Refer to Table 11-62

Reference is made to Snee, R. D.; Pfeifer, C. (1983) 
regarding a statistical test that detected no differences 
among blood lead-air lead slopes over many studies for adult 
males, adult females and children. This reference is based - 
on our comments of January 31, 1983 to David Weil on the 
December 15, 1982 draft of Chapter li. However, in spite of 
this conclusion. Table 11-62 presents a summary of blood 
lead-air lead slopes for several studies without putting 
these slopes in context according to our result. Further, 
the Roels, et al (1980), and Yankel, et al (1980), are 
inappropriate for inclusion here because of their inherent 
problems.

3. Omission

Charles G. Pfeifer should be included as a member of the 
Scientific Peer Review Panel and contributor to Chapter 11.
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TABLE 61
VARIABILITY SUMMARIES OF BLOOD LEAD VALUES

geometric Standard Deviation
TTJ "" (2) PT Number of

Study Overall Analytical Person-to-Person Subjects Populations

NHANES II 1.365(4) 1.155(5) 1.317

Azar, et al (1975) 1.354(6) 
1.301(?)

1.227(6) 1.250(6)
1.180(8)

149 5

Yankel, et al (1977) 1,293(7) 1.155(9) 1,237 880 7

Tepper and Levin 
(1975)

1,304(6)
1.313(7)

1.268(6) 1.127(6)
1,143(8)

1935 11

McLaughlin, et al 
(1973)

1.531(6) 1.493(6) 1.156(6) 217 23

Johnson, et al (1976) 1.549(6) 1.476(6) 1,222(6) 241 6

2 2
(1) GSD overall * exp £(aa + a*; )^2]

(2) GSD analytical - exp (oa)

(3) GSD person-to-person - exp (at)

(4) Computed by Du Pont (see November 12, 1982 letter to Dr. Weil regarding 
comments on Chapter 11)

(5) Computed from NHANES II blind QC data by Annest, et al

(6) From Lucas (1981)

(7) Pooled from GSD’s presented In December 15, 1982 Criteria Document Draft 
of Chapter 11

(8) Estimated from (6) and (7)

(9) Value obtained from NHANES II and used as a conservative approximation to 
evaluate the person-to-person component.
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ANALYSIS OF REPORTED BLOOD LEAD LEVEL DECLINES DURING 

NHANES II AND THEIR RELATIONSHIP TO THE 

SURVEY DESIGN AND GASOLINE LEAD EXPOSURE

by

Charles G. Pfeifer 
Engineering Department

John-M, Pierrard
Chemicals and Pigments Department

Ronald D, Snee 
Engineering Department

February 14, 1984

E. I. du Pont de Nemours and Company, Inc* 
Wilmington, Delaware 19898
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aansaaiu aansodxa paaj; auLj.ose6 aqq aae A'aqj. *[9‘9‘i?] saouaaaqaa qo asaqq tuoaq 

aaaq oaquasaad sas/Cjaue am qsinBuiqsip qeqq saanqaaq aaqqo jeaaAas aae aaaqj.

•soLqdeaBouiap CaAans qo Suoiqnqt.aquc>0 

paqeiaa-auiLq aqenj;eAa oq asn oq aqeuiLqsa qoaaaooui MO si ‘saA^asiuaqq 

aunq aoq paqoaaaoo qou soidaaBauiap /CaAans aoq paqsnfpe ‘quaioiqqaoo uoj.ssaa6aa 

auuq aqq aoq aqeuitqsa saaenbs qseaj. aqq ‘snqi •paaqueaa/nB N>O sqoaq.qa

/CaAans paqejaa auiiq ou qo uoisnjouoo a ‘[g‘fr] ui atuiq aoq paqoaaaoo os aaaM 

saiqepaeA aqq qo auou aouis *qoeq st.qq qo uoiqeaqsqoujap a apLAoad [n] ^lll-W 

pup oey 'auitq aoq /Ciaeauij. paqoaaaoo qou japoui “!• sa^qaiuBA aaqqo [[a 

qo quauodtuoo atutq uaauit aqq aanqdeo A[ laessaoau [uM uuaq auiiq qeau.Lj. a pons 

qeqq ‘aj.durexa aoq ‘paqaaqsuouiap aq /Cueoiqeiuaqqeui ueo q] •aqei.adoadde qou 

s l soiqdea6ouiap /CaAans qo qoaqqa paqaiaa-aunq aqq aqanieAa oq aanpaooad siqi

•puaaq peat pdo[q paqaodaa aqq uo aouan^qui, 

aj.qqiL peq soi.qdea6oiuap /CaAans j.eLquaaaqqip qeqq UMaap s bm uotsnj.3uoo 

aqq ‘soiudeaBciuap /CaAans aoq paqsnCppun auij.oap paqaodaa aqq sa awes 

aqq /Ciaqaaiixoadda s bm /Cbm siqq ui paqeuuqsa auipap aqq aouis ’auiLoap aqq 

aqeuitqsa oq pasn uaqq seM ‘sdiqdea6ouiap /CaAariS aoq paqsnppe ‘quaLOLqqaoo auiiq 

Buiqtnsaa am ♦  (sqoaqqa aqis-uaaMqaq aqe(qsL qou pip qeqq) suiaaq oiqdeaBouiap 

/CaAans qqiM siapoui udtssaaBaa u l  3[qaiaeA atuiq a aoq (s)rnaaq ppa oq saw pasn 

aanpaDoad aqq *auL paap paa[ poo^q paqaodaa aqq paouan[j.uL SDiqdaaBouiap /CaAans 

taiquaaaqqLp aaqqaqM ‘suiaaq aALqaqtquanb u l ‘ssaappa oq paqduiaqqa [9‘fr] Vd3

•soiqdaaeotuap /CaAans qo sqoaqqa paqaiaa-auiiq 

oq aj.qaqnqi.aqqB puaaq auiiq aqq qo apnqj.uBaiu je Lquaqod aqq qo uqtqaqtput, 

ua si OMq aqq uaaMqaq aauaaaqq.Lp aqq uaqq ‘puaaq auuq paqaodaa aqq uaqq ssaj. 

St puaaq auiiq |.®nP!-Saa aqq qj •S3Lqdaa6ouiap /CaAans qo sqoaqqa aqq BuqAOUiaa 

aaqqa puaaq auiiq paaj. pooLq aqq auiuiaaqap oq atqaiaaA auiiq a uo passaaBaa 

uaqq aaaM s[anpLsaa asaqi *paAouiaa uaaq aAaq suiaaq [apoui ua sqoaqqa 

aqq aaqqa aqap peai pootq paqoaaaoo quasaadaa sj.anpi.saa aqj. ‘paqaLnotao aaaM
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•saqis XeAjns n S3MVHN sqq u bao pauanODO XiaALqdai po 

qBqq aansodxa pB&L aui|.0SB6 P» aBuaqo 4B3X anoj. aqq 0} soiqdBviBoiuap 

XaAuns ao^ paqsnfpB qusp.ij.j903 uoissaaBaa aansodxa pB9[ autpsefi aqq XpdB 

oq s bm qoBoaddB puoDSS aqj. ‘aqBuuqsa paapap aqq papuoad sauipap pnpisaa 

OMq aqq uaaMqaq aDuaaajjLp am *papnpuL s pm aansodxa paaL auppsEB pus suuaq 

oiqdeaBouuap XaAans qq.oq aaaqM tapoui > moaj auipap LBnpisaa aqq oq paaBdiuoo 

s bm soiqdBaBouiap XaAans Xi.uo 6uipnL3UL ppota uoissaaBaa paqqij b iuoaj auqpap 

auiiq |6npisaa aqq ‘qsaij aqq uj ‘auipap ps9[ poop paqaodaa aqq oq aansodxa 

pB9[ autioseB jo uoiqnququoo aqq aqBunqsa oq aaaq pasn aaSM saqoBoaddB o mj

•spAat psal poop paqaodaa ui atupap 

aqq (it®) v»Qj apisuodsaa XiaBaBj aq oq ua>|Bq aaaw ajmsodxa peai auipSBB 

u i sauipap ‘uoiqBOiidiui Xq ‘aaojaaaqj. ‘SiSAat pB3[ pooiq qqiM paqBpaaoo 

XpBiq s l peat aujpsBS (£) pue iauipap aqq aoj apisuodsaa X|.a6aBL 

uaaq 3ABq ppoo peai auipSBfi uBqq aaqqo saoqOBj qBqq Bq?p apBiiBAB asuads 

j.0 siseq aqq no XipOLqsLangq aouapiAa ou si aaaqq (?) i(siqq oq qoBoadde uo 

axoqB uotssnosip aas) auipap aqq qoajjB qou pip soiqdBaBouiap XaAans (\) qeqq 

pah6uB si qi ‘[tr] ui ‘apurexa aoj ‘aAiqBqiquBnb ucqq aALqBqipnb aaotu aas 

[9‘S‘I?] ui aansodxa pBai auuQSBB j o uoiqnququoo aqq Buissaapps squaumBaB aqj

•aansodxa 14 uo.iqEiaBA aqis-uaaMqaq 

oq aAiqLSuasui si qoiqM aansBaui ajmsodxa aqq Q> asn paaq aujpsBB puoiqBu 

asn [[a [9‘s‘b] U.1 P^quodau sasXLBuy ‘aansodxa ui uoiqBiJBA aqis-oq-aqLS 

aoj squnoooB qoiqM aansodxa pBai. auiiossB qd aansaaiu sijpads aqis > asn (o*A 

uoLqoas aoq qdaoxa) qjiodaa siqq 14 paquasajid sasXtBUB aqq ‘suotqdaDxa ms j  qqiM

•paqOBaa sudLsnqduoo aqq uo qoaj:j.a Xu >  aABq 

owq qsJiij. aqq Xiuo ‘asaqq xo • (asuodsaauou aoj. squauiqsnppe puB saiqit.iq^qoad 

uoiqDaqas j o j 6uj.qunoD3B SJoqoBq BuiqqBiaM puB aunqoruqs pscj/BqBaqs
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*eqap paai pooiq II S3NVHN oq a-Jnsodxa 

paa[ auiiosaB Buiqaiajjoo uaqM paqoaiqaa aq oq spaau aonsodxa 

u l uoLqeuBA aqis-oq-aqis ‘/fiquanbasuoo *asn paai auiiosab lauoiqau 

Xq pjeMUMop paqaJia66Bxa Si pouad /CaAaris aqq 6ui,unp paouauadxa 

aonsodxa ui aunoap lariqoa aqq soeadde qi ‘snqi •/Qaaauiqt

aqis iBiquanbas aqq oq 6uipuodsavuoo aunsodxa paai auiiosaB ui puauq 

oiqipads aqis a uiouq /Ciqe.iapiSuo3 pajaqqtp pouad /CaA.ms aqq 6uunp 

asn peai auLiosaB lauoiqau u.i puaaq aqq qeqq paqBaqsuoiuap sas^iauy

aunsodxg paaq

aui[0SP9 qo aunseaw aqeudooddeui ua si asp peaq auiioseg leuoiqeN ’Z

‘auiioap peat pooiq paqaodaj 

aqq qo uoiqjod afijei a qo aAiqasnao qou a*ia aunsodxa peai aiuiose6 

ui sauipap qaqq pua aui[3ap paquodau aqq uaqq ssai ^Liatqueqsqns 

si pouad ^SAuns aqq 6uunp *$t v aqq ui 6uuanooo auipap paai 

pooiq aruq aqq qaqq sqsa66ns /'[Buouqs aaqqunq qj *auiioap paqoodau 

aqq uo /Tiq6iq paqoeduu u6tsap /CaAjns qaqq sqsaBBns qirisau siqi 

•^-iBjauiqi aqis pua SDiqdauSouiap A'aAuns leiquajaqqip >?q aiqeuiatdxa 

st ip/6ft p se qonui sa qaqq paMoqs saui[oap auitq lanpisau qo sas/Ciauv

soiqdeuBouiap /CaAjns /Cq aiqauieidxa si sqaAai 

peai pooiq ui autioap paquodau ip/fin <Fs aqq Jo quaouad XquaAa$ *1

•Moiaq uaAiB aoa suoj.sniouoo 

>Ca^ aqi •psued iatoads aqq qo quodau aqq qqiw ‘quaqxa aiuos oq *pua 
[9eS‘l7] Vd3 pua 3Q3 qo asoqq qqtM aoueuBA aboai qa aaa paquasaud sBu.Lpuiq aqq

suoisniouoo qo Xueuaun$ 0*.l
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*(aAoqB£ luaqt. aas) XUBjauLqi aqp 

AaAjns Aq pajaqunobua R> paai auipsB6 oq aansodxa qbapaj ApqBnbapB 

qou saop qoiqM asn pB3[ puoiqBu uo pssBq 3JB pBs[ auipsaB qqiM 

sas/C[BLiB uoiqBpJjqo apqq ‘JBqqjnj ’(a*I uoiqoas ass) qoajjooui 

AUBOLuqoaq s l aLqfiiJBA suriq e joq quap.Lqqaoo uoissajBaj sqq qo 

asn jiaqq pua sqoaqqa oiqdB jBotuap sqis-oq-eqLS joq qunoooa ApqBnbapB 

oq tpq sppoiu jpqq qaqq 3S> qoBojddB ut saiqpopqLp /te>| aqi

* 6u LDB31_S LUI

3S>  suQisnpuoo JpqV pus7 pa«GLJ. 3JB Vd3 pu& 300 paquodaj sasApuy *g

•sqstxa Bqap aqBnbapBui jto apq.Li qo.Lqw aoq z~ll atqBi u l  SJoqDBq 

aqq qo aaoui j o auo Oq anp aq A>TU siqj. ‘SuiBuiaj auipap auiiq (SO'^d) 

quBopLuSts > Moqs ‘aurisodxa paai aiupsaB pus soiqdBjBoujap A>V VW» X 

qqoq joq suuaq Buipnpui ‘sppoui urcuq sssApuB puajq atuiq pnpLsay

autpap pBai poop paquodaj aqq 

qo auios joq apisuodsau ajB ‘ajnsodxa paai auipsB6 puB soiqdBjBouiap 

aqjTs piquajaqqip oq uotqippB ul ‘sjoqoaq qsqq sqsisjad apuPptAg *t>

♦ [6*8] popad /CaAjns aqq Buprip spAai pBa[ Y» > Z» sauipao puopBu 

paqBuiLqsa uo pasaq ‘paqoadxa uaaq aABq ppOM qaq« qqiM quaqsLSuoo s l  

qpsaj siqi ‘auipap paqaodau aqq qo quaouad oi qnoqB j o p/BA g/‘ 

pua 52* uaaMqaq auaM auipap pB3[ pooiq paquodsj sqq oq suoiqnqLjquoo 

ssaqq qsqq qsaBBns AiquaqsLsuoo sqpsaj py *(a‘I uoiqoas 

aas) poqqaui quapLqqaoo uoissaaBaj aqq [\> poqqaiu uosijBdiuoo puajq 

[BnpisaJ /Cq paqBuiLqsa aja« ajnsodxa pB3[ auipsaB qo suoiqnqijquoo 

*san[BA pa66Bi ‘]> ipM ]> ‘quajjno joq BuiquooooB aansodxa 

oiqpads aqis uj, suotqB.UBA /CuBtu qqt« pauuoqjad 3J3M sasApuy

aupoap paqjodaj aqq qo p/Bn 

5^* pus qz' qsawqsq Joq squnoopB ^_> sqaABL PBa[ poo[q oq paqBtaj 

(go' £ d) riquBDiqtuBis s l ajnsodxa paai auipsaB oiqpads aqp •£
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• s[SA3[ pB$[ pooiq uo pea[ aui. » `a>6 j.o qOBduii aqq aqBniBAa oq /C>b  aiqBiiau 

pue oiqsiiBaa >  sapiAoud z PUB I uBSMqaq qo adois psai aiB-pBai pooiq >  qBqq

tuutJ.U03 sqinsaa asaqq ‘aaqqBy 'siaAai pBai pooiq ui aouany-UL sqi pUB pBai

9u L» cd>6 uaaMqaq dLqsuoiqBiaa paqBdpiqUB uBqq uaBuoaqs > 6uiqsa66ns aouapiAa 

Mau ou apiAoad BqBp paa[ pooiq n S3NVHN sqq 1^1 aqBoipui sas/CiBuB ano

•aqBiadoaddB

SB pB9[ 9u l [ef> 6 qqiM uoiqBioossB ataqq pUB si9A9[ pBai pooqq n S3MVHN 3qq 

qqiM paqBioosSB peaq aoq Buaquo /CqiiBn() a.Ly pasiAaa aqq ui suoiqBqaadaaquL 

pus ‘ SuoiqBO i iduit ‘squauiaqaqs aqapdn vd3 qBqq papuaiuuiooaa aaqqary. si qi

.•pB9l aoj. Btaaquo

/?d!tBnt) aiy pasiAaa aqq ui papniout aq oq £861 *62 /Cinp J-O qaodaa aiaqq

‘aqBiadoaddB SB ‘puauiB dnoag MaiAay g» g/C[>h \/ puauj. aiuji n S3NVHN 3Md qBqq 

papuauauooaa si qi ‘vd3 Pue 300 J-o sas/CtEUB jo suoiqBqiuui pua ij>k  paiiiquapi 

aqq pUB ‘qaodaa siqq ui paquasaad sqinsaa pus spoqqatu aqq qo wau ui

suoiqBpuatuuiooay q *I

'paqonpuoo l>m  ^aAans aqq qDtqM uj, aauuBiu aqq 

qo qoaj.iqaB n> aq oq /Ciayii sq aunoap aqq j.o uoiqaod iBiquBqsqns >  

qsqq qsa66ns (aAoqB \ uiaqi) aaaq paqoBaa suoisnpuoo am 'uoiqBindod 

qaBaaq aqq u l  paaanooo Kinaq si3A3[ psa[ pooiq ui auipap paqaodaa 

aqq qeqq saiiduii quaiuaqsqs siqq ‘uosaad aBaaaAB aqq 01 1(*pouad 

AaAarts II S3MVHN 6uunp uoiqBindod *STi aqq ui PB3i pooiq j.o iaA3i 

aSBaaAB aqq in auipap iBLquBqsqns > o>p  aaaqq qBqq aouapua Buoaqs 

spuiq dnoug MaiAay aqi,, ‘saqsqs A’aBuiuns aqq jo aouaquas qsaiq aqi

Suipeaisim si lausd soiqsiqBqs iBioads aqq j.o 

qaodaa aqq uj. uot.sn(3uo3 /Ca>| > ‘aaaq paquasaad sBuipuy aqq uo pasag *9
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‘A pus III suopaas

u l p9446tp'6p S4ins9U 944 04 t.ie^gp SLsyC|6uB 13440 qaiqM M01P4 saoipuaddB 

9ALJ •U014B4P 40 lapio u l peisit *5334919431 344 sopuoid n'IA uopsss 

• sss/C[>q>  p34iod3i 13440 40 9Soq} 4}l m p 11004 5}i_ns9a pue spot|}9tu 344 saiBduioo 

puB sassnosp » » V 0014395 *$3SX» >r> u o l s s3»&31 36pu st> ‘ppotu 40p-4Lps

91 L}U9 941 0} S}L} (SSBd) 96> }S 9U0 ‘S}39J.J.9 3 LqdBU6oitl9p 9}LS-U99M}9q 

puB -ULqiLM 40 uoSLJBdmoo ‘310430145 fl$d/2:P“>}S 40 s s s^>u>  4119110 diuo 3 

33UB11BA 3popUL /T9l|4 ?A pUB HI S40l433S 40 3SOq4 0} S3S/CpUB ^vlB}U9UI9|.ddnS

jo sjinsdu sgpiAoad IA 1101439$ *3uLp3p pB9[ poop paqiodaa 344 04 aunsodxa 

pB9[ aui[0SB6 40 uopnqiuouoo 944 SupaniBAa 404 ssqoBoiddB o m} 40 S4[0S9J 944 

squasgjd A 1101433$ ’asn pBai auLps66 puopBu 04 41 ssieduioo puB ainsodxa 

pB91 aui |vw> 6 40 aiosBaui oppads-aqis B. 40 uopotuqsuoo 944 sassajppa 

AI 1101439$ •p9M9LA9a 9JfB IA pus V suoppas u l  pus aisq p94iod3i sssXpuB 944 

404 pash asBq 6}Bp pus qoBoiddB 6utnapoiu 844 ‘uoissoasip siq} 04 /C» >x yz» y pid 

5pU9wl4 9U144 pB3[ poop 944 UO u6p9p /C3A10S 944 j-0 Z39JJd 344 6u L4BI1[BA9 

104 soinsaa 944 s4U3S3id HI 401433$ “Sqinsai {|>{» 344 ULB4U03 V pus AI 

‘III SUO 1439$ *9Uip9p PB9L poop p94a0d9J 344 PUB *401460110441 341s apUIBS 

‘iteAins apuiBS n S3NVHN 044 uo U014BUU04UL punoi6>p6q saptAoid n 401433$

4ioday 40 }~�>z l u > Sj q 3* 1
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■ 96> qpqq aSAo saauiuiBxa ns 

qo aidures qisq ® uo puB 9 qo 96> aqq qGnoaqq uaapitqo t.L® uo poqsanbaa aaaM 

suOLqpULiuaaqap paa[ pooig ‘916019599$ pB9i poo[q aqq qo uo 1493tqtqBaqs-qsod 

pup ‘asuodsaauou aoq quamqsnfpB ‘uoLqoaias qo AqtiLqBqoad aoq

paqunoooB qi 'iBnpLAtput aqq Aq paquasaadaa uotqBindod qaBaaq am ut aidoad 

qo aaquinu aqq oaqoaiqaa qqSiaM stqq ♦ quauiaunsBatii pBat pooiq > Butpuoad

uosaad aqduiBS qoBa qqtM paqaiaossB �>�  qqSiaM aiduiBsqns pfiai pautuiBxa [Butq y

•suotqpoiqLSSPiD auioout puB ‘aapa ‘xas *369 Aq udi.qBi.ndod 

iBqoq aqq aoq puB saqBq$ paqtufl aqq qo suot6aa 3tqdBa6oa6 paoaq anoq aqq aoq 

paonpoad aq pinoo sotqsiqBqs aspaad qBqq os pauBisap �>�  AaAans aqq ’ua^Bq 

aaaw spaai; pooiq snouaA 9966 ‘ssaqq qo puB pautuiBxa aaaM (quaoaad t*£Z) 

ZZZ'QZ ‘IBqoq siqq qo ‘suosaad 009-00£ 6utaq fiSd ipes im« suosaad I08‘Z£ 

�>�  azts a[dtuBS iBqoq aqq ‘sdnoaSqns aqq aoq sotqsiqBqs aqq qo AqtLiqBtiaa 

aqq aAoaduiL oq paiduresaaAO aaaM sdnoa6 asaqq *SBaaB AqaaAod up SutAtq 

suosaad puB ‘ (SaaaA B/-09) pa6e aqq ‘(sasa/Cg oq sqq.uoui 9) uaapitqo iooqosaad 

aaaM qsaaaqut |Bpads qo sdnoaBqns *369 qo SaBaA pz oq sqquoui 9 suosaad aoq 

uoLqBiridod *s‘P aqq qo aiduiBS AqtitqBqoad > aoq pauBo loooqoad n S3NVHM oqi

•pouad AaAans aqq qo qu Lodptui aqq qp ‘squatuaanspaui 

paqBiaa-qqiBaq qo Aqat �>V  pBoaq B qo uotqeuitqsa qtttuad oq pup ‘uoLqpqndod 

*g*n aqq u l sasBas.ip pau.iqap AnBOLqtoads qo aouaiBAaad aqq qo saqBuuqsa 
apuoad oq �>�  AaAans aqq qo aAtqoapqo aqq ♦ mnqpaqs aad (snsd) sqtun 6u l .{.duies 

AaBuitad OMq qqiM fiqpaqs Z£ �>�  saqts asaqq qo aanqonaqs uGisap aqq -paqistA 
aaaM *$‘f) aqq qo suot6aa paqBindodinba AtaqBurtxoaddP 9 qo qoBa u l 91 - saqis 

6uLiduiBS t-9 aaaqM *0861 Aapnaqaj oq 9Z6I Aapnaqaj uioaq ‘sac a A anoq passBdtuooua 
AaAans tBuoLqoas-ssoao aqq *[x] uotqBindod ‘STl paziiBuoiqnqLqsuLuou 
aqq qo aAtqBquasaadaa Bqep ipuotqiaqnu pup qqiBaq aaqqBS oq pau6tsap AaAans 

a|dures aaqsnqo Aqtitqpqoad a&Bqstqimu ‘patqtqBaqs > �>�  uiBaSoad n S3NVHN OMl

AaAans J-0 uotqdtaasaQ ‘VII

auiioaa ppaq poo[g paqaoday aqq puB n S3WVHN *11
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qda oq paqepy 
sj.oq.oej

oq ano auLpao

uotqeLtldad u l

aui [o s q  auipao

+ qdg anal = qjg paquoday

:uoi.qenba Bu.LMouoq

aqq X'q paquosap aq ueo auipap paquodaj am ‘uo.Lqeindod ‘$‘n qaBoeq aqq 

uj. pajjnooo Xj.ruq qOLqM (Kue qi) auipap aqq qo apnqtuBeui aqq qo uoLqoaiqaj 

aqejnooe ue si pouad ^�V ��� jeaX' jnoq aqq Buunp [p/6rf g-g qo auipap 

(Qd0) Pe9t poop paquodaj aqq jaqqaqM si qjodau siqq ui ujaouoo qoaaip ajoui qo

*[tr] u l  paquasajd asoqq se qons ‘eqep asaqq uiOjq uweap saouaaaqui asiuioodtuoo 

/C[iaessaoau u l m ‘ufiisap XaAJns aqq uo paseq sjoaaa paepueqs aqeiqut, 

qoiqM ‘sqoaqqa auuq pue soiqdejBouiap XaAjns [eiquajaqqtp qeqq paziuBooaj aq oq 

spaau qi ‘suopoas quanbasqns ui paquasaad sasXieue aqq u l [ieqap u l  passajppe 

qou si XqinDiqqip sj.qq q6noqqt\/ ‘quiodpLiu XaAans aqq qe ajnqoid qoqsdeus 

e ULeqqo oq pauiquioo aje eqep /‘�V �» » � aqq [p uaqM soLqsiqeqs uoLqtiquqsip 

peai poop aqq u l sep. e saonpoaqui puauq auiiq quaaaquL aqq •uBasep 

aqq ui paspjaxa �>m uOLqequasaJdaJ oiqdej6ouiap qo pjquoo XaAjns-upqLM 

ou asrieoaq eqep peat poop aqq qo uo.Lieqajdjaqui aqq ui saLqpoiqqLp 

apepiuuoq squasaad puaaq. Xpnqs uiqqt,« siqq *n SJNVHN woJq apwesqns 

oca[ pooiq snouaA aqq uo paseq aqep uoiqeuiuiexa ueaui qsuieBe paqqoid s l  pea[ 

poop ueaui aqis auaqM auipap spq saqeiqsnui i~n BinBij ‘pouad X'aAans 
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paqunODofi aansodxa paai aui[0SB6 qBqq qsaBBrts X'l 6u o j »S 4 a dots peai -uB-pBai, 

pootq aq} jo asn am wo.y sqinsaj 6u!4Byioqo.Moo aqq qqiM 6u o |> ‘paquasaad 

sq[nsau asaqti *> :X>Y asaqq j.o su0L4Bqt.ua i uoiqBqavtcUaquL 8qq SiuziuBopaj 

uaA3 *aui[Dap aq^ ‘j.o X'q.iuofeui aqq uaAa j o 4[[> j o j . aiqisuodsaj $>Z  

aansodxa paai auiiossB qBqq /Cia>|L[un st $l *aaaq paquodaa sqinsaa aqq uo paseg 

•Bqsp asaqq [» \[] suojqnq^uquoo asaqq aqBUBdas 04 aiqissod qou s l qi ‘aruq 

aq p'inoo siqq a[Lq« 4jaAaMOH *qutBd ss qon$ aansodxa paa[ 40 saounos aaqqo
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•psptO'AB

s.i sqoaqqa aqq qo sjdAaq aouBDiqiuSis qo /CoBunooB uo /CsaaAoaquoo * 

•paptoA? $l Bijaqijio uoLqoajas lapoui aqBiudojddB uo X'sjaAOjquoo •

*u o !4>̂ 3-u °o paqBia-t^ui.iq pup uo.LqBqajJoo 

ioaoip oq anp sqoaqqa aouaniqui /C>_` qBqq suuaq l j ,> 6uj.pnqoui 

/fq sqjnsau sqoaqqa oj.qdsa6ouiap [BripiALpui qo 6uLpuBqsaapun uaqqaq > • 

•sisaq auiBs aqq uo pajBduioo aq a>b  sas/CjBUB Bu o u » > $q|.nsaa •

•s[aAa| pB3[ pooj,q ui, uoj.qBj.uBA

utBidxa oq pasni aus soiqdBuSouiap ^uoqBUBLdxa qo qas ajuqua aqq •

auB qoBOJddB sqqq qo safisquBApB aqq. -pasoduii 

SBM (oqa ‘sqasqrvs qsaq ‘astMdaqs ‘6a) Suuaq japoui qo ssaooud uoiqoaias 

o n 'suuaq aunsodxa pfiaj. qo uoj.qj.ppB aoq 6uj.qunoo3B cde»̂ Ofg>V  mouq quBdB 

‘qtq h>i  japow aqaidmoo aqq ‘V pus ni suoiqoas ui paquodau sq^nsau aqq » j> k»

‘ 2 * V‘ IA lm> I * v* IA suojqoas uj. unsp 

auoui ui passnosjp auB sqoadse asaqj. •qoaqqa adyCq-x aqq uoq uuaq a[6uis >  

oq saonpaa japotu aqq ‘aures aqq auB aqBUBAOO ad£q-x n> qo sqoaqqa aqis-uaaMqaq 

pus -uiqqtM aqq auaq« aSBO jBLDads aqq ui ’SUBaui aqis 6uj.sn uo.LqBUBA 

aqis-uaaMqaq SB o» >p q> sanjeA iBnp.LAj.pui 6uj.sn uOLqBUPA aq.LS-UtijqLM 

aoq qunoooB oq pasn si. (v*III uotqoas aas - saqis ui.qqj.M saiUBA qBqq aqB l r>V ss  

B ‘si qfiqq) aqBiuBAop adAq-x qoBa qsqq si aqou aB|.noj.qjBd qo *SiaAaL 

pBai pooiq ui uo.LqB|.j;BA aqj.s-uaa«qaq puB -uiqqtM qqoq uiBidxa oq pasn (suuaq 

qoaqqa paxiq) saqietu>V vv oiqdBjSouiap aJB sqoaqqa uiopUBu asaqq oq 6uipuodsajuoo 

•saqLS uaa«qaq uoiqBLUBA pus saqis uiqqiM uoiqBiuBA - quBqaoduu aUB udiqBUBA 

PBa[ pooiq qo saoanos OMq qBqq sauinssB [apoui aqq *stuuaq qoaqqa paxjq 

aqq wx> suuaq qoaqqa uiopuBJ aqq auB uaptsuoo oq L9poui aqq qo sqoadss /Ca>( aqq

•saoqoBq aunsodxa pUB oiqdBji6oiuap aqq auB saqBijBAOO aqq 

•sqoid ajoqM aqq aus saqis pus sqojd qj.|ds aqq aua siBnpj.Ai.pui •aouB.uBAOO 

qo sisX’iBUB qoqd-qL[ds > qo qBqq si paquasaud qoBouddB SuLiiapoui aqq

uoiqBDiqpads lapoyj qo uoiqBOiqiqsnp ‘v*IA

"sqLnsay pus sas/puy X’uBquauiai.ddns *» V
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•punoq SBM S.iqq qo QOUOpiAd 

ou ‘BqBp psai pooiq aqq j o j *BqBuqs uaaMqaq uaqq 3>» y.» > ajoui aq ppoqs

BqBuqs uiqq.LM supd n$d ‘apBiJBA asuodsau uBpoiquBd /Cue uoq Aouapiqqa SLqq 

aziiBaa oi ’azLS a[duiBs uaAi6 > udq soLqstqBqs paqBiuiqsa qo uOLSpaud. aqq 

asBauDUt oq aapao ui aurvqaruqs nSd/BqBaqs paqBauo > saqBJoduoouL uS.Lsap /CaAuns 

aqi *PSd uiqqiM uosuad-oq-uosjtad puB ‘BqBuqs u.iqqiM nSd ‘BqBuqs auB sqoaqqa 

asaqi 'UfiLsap AaAuns aqq qqtM paqaioossB aunqoruqs aqq dq Buipuddsa-udo 

sqoaqqa tuapUBJ aauqq qqiM [apoui > BuiAqpads dq z>V » B {>| udiqBuapisudo

•}» }A» >~> qoBa uiouq sauBobs ufiaui

LBnpisau aqq puB sdiqsuoiqBpu asaqq 6���’  paqctiiiqsa aq uaqq A>�» squauadiuao

aouBLJBA aqq *aqj.s qoaa qB s|Bnpuipui qo uaqtunu aqq qo uaaui DiuouuBq aqq si 
d s

>1 ajaqw ‘(jj/7o)+.o jo anpA paqoadxa �>  ssq qopM auBribs usaiu aqj.s
V V J

LBnpisau aqq sapiAOud Sl sA» >�> aqLS-uaaMqaq aqq puB ‘saqis u.iqqiM ‘“a

‘aouBiuBA uosuad-oq-uosuad aqq qo aqBuiiqsa �> sapiAaud �».sA».>�>  aqis-uiqqLW 

aqi 'sis/CjBUB a6Bqs-dMq aqq uiouq pauiBqqo A|.is8a si auaz uaqq uaqBaa6 

ApuBOiqLUBts si ‘*j j  ‘quauodiuea aouEWBA aqis-uaartqaq aqq qsqq Moqs

eq qsaq aqBunxojddB uy •quasaud >�O  spAai p83[ poop usaui ui saouaaaqqp 

aqis-oq-aqis asiiftoaq suuaq uo.ua dMq qsBaj, qB uoq paau usap > �» auaqq

suiaaq uouuj ��» aqi t*V*IA 

•uaiqBiuBA

[Enpisau aqq aquuiiqsa aq tuopaauq qo saaaBap $£ uaAO BuiABat ‘aunsodxa 

pBa[ auipsBB uoq suuaq auoui uo auo pus suuaq otqdBuBouiap aqis-uaaMqaq 

ZZ qqj-M siS/CjEUB aqi.s-uaawqaq aqq ui asn dq apspEAB auaM uiopaauq qo 

saau6ap t9 ‘(I'V'IA uotqoa$ aas) aunqoruqs uSisap nSd/®q®*^qs aqq 6u.LqBuaduooui 

qou Ag 'uiapoad > qeu 0SjB �>�  ssaj uiapaaaq qo saauBap aqi * suuaq 66 B���» > 

l(Bins AtuiBq Liiqs ‘uuaq ..uBqun,, aqis-uaaMqaq aqq ueq 0Z*8 �>�  �» V umiu.LXBui aqq 

‘papnpui �>�  SZanOQ^boi usMH -uuaq „3D„ aqis-uaaMqaq aqq qqiM paqBpassB 

‘8Z’t? �>� �» V uinuiixBiu aqi ‘sqaaqqa aiqdBuBdujap aqis-uaaMqaq pua -uiqqiM 

qqoq qaaiqaa qai.qM suuaq lapaui 86 L» > qo qas aqq 6ueuiB paqndiuoo auaM siuuaq 

pajaquaa qo (�» V) suoqoaq uoiqBiquj. aouBiuBA ’uiaiqoud > aq oq paAOud suuaauoo 

asaqq qo uaqqiau ‘��V >��’  *suuaq A�>�� o s qqjM uiopaauq qo saauSap uouua qo 

ssoi aqq pua qLrisau A>�  qBqq Buipunoquoa piquaqod aqq a«tB saSBquBApBSLp aqi

; i
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•uouBZtueqjn qdaoxa satqeueA 

lie aoq aqeaqs uaawqaq uaqq uaSuai si aqeaqs ULqqiM snsd uaawqaq uoiqeiaeA aqq 

qeqq woqs g—¡V aiqei ui sq|.ns9u sqi *sueaiu aqis aqq ui suoLqeijeA fouanbajj. 

aqq aaou6i saouej.aeA asaqi *eqeuqs lie aaAO pa[ood ‘wnqeaqs e utqqiw 

sa^ed nsd uaaMqaq aoueueA a sa i[3M sa paqnduioo saw sueaiu aqis [[a

j.o (HSd^eqajqs^) g^g^A a ‘aiqeLueA qoea uoj ‘paqainoteo aaaM SDiqdaa6ouiap 

aouaptsaa pua [euosuad pua paai pooiq aoj. sueaw aqis ‘qoeoadde puooas aqq ui

paaj. pooiq Z QL u o paseg*

me t* 

268T20* 

ae9£9oo*

sis/iauv qsnqoy

IfrfiSr
0Z222O*

176X9900*

sa-tanbs qsaai /faeuipuo

uosaad-oq-uosuad

aqeuqs/nSd

aqeaqs

quauodiuoo
aoueiaaA

^aunqoruqs uSisag teAans qo SisX|Bu\/ quauoduioo aoue^aBA qo sqinsajj

T-IA aiqei

; quauoduioo aqeaqs aqq uaqq

aa6aei /'iqeqapLSuoo si quauoduioo fy$d aqq qeqq uaas si qi aaaqM ‘x-» V aiqei 

ui uaAi6 aae squauodiuoo >Z ¢>¢>V  paqeunqsa aqi ’([zz] uosduioqi pua uosaaqqed) 
pooqii35ii[ uiniutxam paqoiuqsau poqqaui aqq ^o ([X2] uaunaj) anSoieue
qsnqoj a sa [[aw sa pasn sa« suuaq qoa^qa uiopuea aaaqq aqq /C[uo Butqeuodaooui 
£» £/C» >¤> sauenbs qsea| XueuLpao ua ‘qsuij. aqq ui •paqaSiqsaAui aaaM

saqoeoadde OMq ‘eqaaqs u^qq^M sa^ed fiSd uaawqaq /Cquetuiiis aqq aqebiqsaAui qi.
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ifiuo uaqq ‘8 *9s =m8 Jl *( X - -Lx)98 si uuaq 9q j. s-u09Mq9q 9qq pue (*-L£—C*Lx)M0 

si uuaq gqeLJBAOo 9qi,s-u.mqj.M aqq *9qis Tfq{. aqq ui ienpj.A!.pui qqf aqq 30 9n[BA 

aqq BuiqeuBisap ■  ■  x uoj SB suuaq OMq §> paqBuodaoaui ¨>©  aqBLJBAOa

ad/fq-x t|3B9 qaqq si [apoui aqa l j >V ªª paqsau aqq j.0 aunqBa.). 6uiqsLn6uiqstp aqi

SUU9J. qoaqj.3 paxij 2*V*IA 

• i apoiu aqq u \. suuaq

qoaqqa uiopUBJ aajiqq j.o gsn aqBq^ssaaau oq aouapua quapijqnsut «>¬  auaqq q^aj. 

­>® qi ‘uins 9DUBIUBA aqq oq 9ALqB[9J » ¯>» °± Si qpqq sissq aqq u q
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APPENDIX 3

Between Site Regression Summaries 
With Survey Demographic terms Only

Ordinary Least Squares

Based on Adjustment Sets 1, 1W, 2 and 2W
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Between Site Model
Survey Demographics Only
Ordinary Least Squares
Dep. Var.: Adj. Set 1
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Between Site Model
Survey Demographics Only
Ordinary Least Squares
Dep. Var.: Adj. Set 1W
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APPENDIX 4

Corrected Site Blood Lead Means Versus 
Mean Examination Date

Based on Between Site Analyses With 
Survey Demographic Terms Only

Adjustment Sets 1, 1W, and 2
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Untransformed Gas. Lead Exp.
Dep. Var.: Adj. Set 2W
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Between Site Model E
Transformed Gas. Lead Exp
Dep. Var.: Adj. Set 2W
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8 Between Site Model F
Untransformed Gas. lead Exp.
Dep. Var.: Adj. Set 2W
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Between Site Model F
Transformed Gas. Lead Exp.
Dep. Var.: Adj. Set 2W
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Between Site Model G
Untranstormed Gas. Lead Exp.
Dep. Var.: Adj. Set 2W
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APPENDIX 6

Regression Summaries of Corrected Site 
Blood Lead Means on Time

From Between Site Models A, E, F, and G 
Based on Adjustment Set 2W
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Corrected Site Mean Blood Lead
Between Site Model A
Untransformed Gas. Lead Exp.
Based on Adj. Set 2W
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Corrected Site Mean Blood Lead
Between Site Model A
Transformed Gas. Lead Exp.
Based on Adj. Set 2W
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Corrected Site Mean Blood Lead
Between Site Model E
Untransformed Gas. Lead Exp.
Based on Adj. Set 2W
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Corrected Site Mean Blood Lead
Between Site Model E
Transformed Gas. Lead Exp.
Based on Adj. Set 2W
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Corrected Site Mean Blood Lead
Between Site Model F
Untransformed Gas. Lead Exp,
Based on Adj. Set 2W
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Corrected Site Mean Blood Lead
Between Site Model G
Untransformed Gas, Lead Exp.
Based on Adj. Set 2W
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Corrected Site Mean Blood Lead
Between Site Model G
Transformed Gas. Lead Exp.
Based on Adj. Set 2W
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Table IV-2

Site Specific Gasoline 
Exposure Data

Lead
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assumed that the association between gasoline sales and population holds at 

the county level as well. Accordingly, county gasoline lead use was estimated 

(refer to Eq. 1} as the product of state gasoline lead use and the ratio of 

1975 county populations to 1975 state population. To account for differences 

in the areas of the sites, and the consequent different exposures even if tne 

same mass of gasoline lead were used, the county lead use value was divided by 

the land area of each site.

Inspection of Table IV—2 reveals that the two largest gasoline lead exposure 

values were associated with New York City sampling sites (Sites ID's 19 and 

51). This is not unexpected because New York State represents an exception to 

the strong relationship between gasoline sales and population. Because of the 

influence of the New York'City area. New York State has much lower gasoline 

consumption than its population would imply. The nine county New York 

Standard Metropolitan Statistical Area (NYSMSA) had 1970 population of 

11,571,883 persons and gasoline consumption of 1,964,179 thousand gallons 

[19]. For the same year, New York State population was 18,236,951, and 
gasoline consumption was 5,506,910 thousand gallons. Thus, 1970 per capita 

gasoline consumption in the NYSMSA (170 gallons/year) was only 32 percent of 

that in the non-SMSA portion of the state (532 gallons/year). This pattern is 

ascribed to congestion and the availability of common carrier commuter 

facilities in the NYSMSA.

As a result of this exception, these two New York City sites were excluded 

from all analyses reported in Section V. Further, no gasoline lead data were 

available from Hawaii and, consequently, Honolulu (Site ID 2) was also 

excluded from these analyses. In order to achieve fair comparisons between 

results given in Section III which did not consider exposure to gasoline lead, 

and those in Section V which did, these three sites were excluded from 

analyses in Section III as well.
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IV.8 Comparing National and Site-Specific Measures of Gasoline Lead Exposure

Figure IV-1 is a time plot of quarterly national gasoline lead exposure during 

the survey period. Here quarterly national lead use (billions of grams) has 

been divided by U.S. square miles (3,540,023) to express exposure in the same 

units as the site-specific measure. The plot shows a dramatic, nearly linear, 

decline in gasoline lead use during the NHANES II survey period. The cor­

relation coefficient, based on 17 quarterly values starting with 1Q76, is -.79.

Quarterly values of site gasoline lead exposure using (1) were computed for 

each site throughout the survey period. This was done to determine if the 

relationship between site gasoline lead exposure and time conformed to the 

pattern exhibited by the national lead use. These data are provided for each 

site and quarter in Table IV-3, along with the national values. Correlation 

coefficients and plots, similar to Figure IV-1, were developed for each site 

(although the plots are not shown here). Figure IV-2 summarizes these 

relationships in a histogram of the 51 correlation coefficients corresponding 

to all sites except New York City and Honolulu. These coefficients are large 

and negative, and range between -.97 and -.47. Uniformly, the individual site 

time trends conform to that observed nationally (r»-.79).

Each NHANES II site was sampled once during a short time frame within the 

survey period, roughly about six weeks. A time plot of the site specific 

measure is shown in Figure IV-3 where site average GCUR75 is plotted against 

site average examination date (Days__Pb). The plot reveals only a slight 

downward trend (r«-,10). By taking logarithms, the highly skewed nature of 

the GCUR75 values is symmetrized. Figure IV—4 is a plot of these logarithms 

(base 10) versus time. Again, a slight downward trend is present (r=-,17). 

These figures and correlation coefficients suggest that exposure to gasoline 

lead, as encountered by the survey site itinerary, is not nearly as strongly 

declining as the four year lead exposure trends based on either national or 

individual site lead use.
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Quarterly National Gasoline Lead Use
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Table IV-3

Quarterly Site and 
National Gasoline Lead Use
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Figure IV-2

Summary of Correlation Coefficients 
of Four Year Quarterly 

Gasoline Lead Exposure at the 
NHANES 11 Survey Sites '
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Figure IV-3

Site Specific Gasoline Lead 
Exposure Trend
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Figure IV-4

Trend of Logarithm of 
Site Specific Gasoline Exposure
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- IV—18 -

This observation on the influence of site itinerary is conceptually 

illustrated in Figure IV—5. The solid lines indicate the strong downward

trend in gasoline lead use at the sites during the survey period. The points 

on these lines show the exposure at the time the site was sampled. The 

collection of such points, summarized by the dotted line, portrays the 

exposure encountered by the site itinerary.

The slight trend in Site specific gasoline lead exposure raises suspicion that 

this variable is not well correlated with blood lead, since blood lead levels 

dramatically declined during the survey period (see Figure IW). However, a 

plot of site mean blood lead versus log site gasoline lead exposure (Figure 

IV—6) demonstrates a fairly strong relationship (r=.49). Thus, the site

specific exposure appears to be sensitive enough to detect an expected 

relationship between blood lead and gasoline lead. In fact, in the analyses 

reported in Section V, this variable was flagged as significant (p^.05) when 

adjusting for demographic effects.

Values of GCUR75 vary by a factor of 400. tittle reliable data is available

on the range of exposures to be expected. In the study by Azar, et al [20]

where individuals studied for olood lead wore personal air monitors, air lead 

concentrations varied by a factor of 46. Thus, it may be expected that

variation in exposures in a sample as diverse as NHANES II would be even 

greater. It is common to represent a density measure in regression models by 

its logarithm due to the typical skewed nature of such data. As the analyses 

in Section V confirm, there is little difference in the estimated 

contributions of gasoline lead exposure to the reported blood lead decline 

when using GCUR75 or log^0GCUR75.
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Figure IV-5

Conceptual Illustration of Exposure at Individual Sites 
Versus Exposure Encountered by Survey Itinerary
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Figure IV-6

Site Mean Blood Lead Vs. Site Specific 
Gasoline Lead Exposure
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- IV-21 -

An aspect of the site-specific measure that could result in a time-related 

bias is the between-site variation in site area (square miles)* Counties or 

groups of counties are defined by political boundaries rather than natural 

boundaries. Consequently, if these areas tended to decrease in size according 

to site itinerary,, there would be a tendency to dampen the true site-specific 

exposure time trend. Figure IV—7 is a plot of site areas versus site average 

examination date. No strong trend is apparent. The correlation coefficient 

is -.20 and this is exaggerated negatively by the influential site near the 

beginning of the survey.

Another way to investigate a potential time bias in the site-specific exposure 

is to relate county lead use versus site average examination date. County 

lead use is state lead use proportioned by the fraction of the state's 

population living in counties representing a survey site (see Eq. 1). County 

lead use divided by county size gives the site specific measure. The time 

correlation coefficient for county lead use is -.13. Consequently, variation 

in county size appears to have little Impact on the exposure-time trend 
relationship.

Inherent in the site specific measure of gasoline lead exposure is 

Specification error due to a nonuniform distribution of gasoline lead within a 

sampling site. A measure of gasoline lead exposure that accounts for 

variation within sites would help to alleviate this limitation. 

Unfortunately, on the basis of available data, it is impossible to derive an 

exposure measure to account variation between individuals within sites. At 

best, one might investigate an exposure measure accounting for variation 

between subsites within sites.

It is expected, though, that the specification error associated with the site 

specific exposure measure is of much less severity than that resulting from 

use of national gasoline lead exposure, where all individuals in the U.S., 

regardless of location, are assumed to have the same exposure to gasoline lead 

in a calendar quarter.
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V. Effect of Exposure to Gasoline Lead on Reported Blood Lead Decline

In this section the results of analyses accounting for exposure to gasoline 

lead are presented, the modelling approach is that described in Section III..A 

where a between-site analysis is performed on the set of adjusted site blood 

lead means obtained from the within-site analysis. The only difference is 

that the between-site models incorporate, In addition to survey demo­

graphics, one or more terms (2-type covariates) for gasoline lead exposure.

Based on the regression results three methods are investigated for estimating 

the amount of the blood lead decline ascribable to exposure to gasoline lead. 

The first compares the residual blood lead trend before and after removing the 

effects of gasoline lead exposure. The second uses the estimated blood lead/ 

gasoline lead coefficients to estimate the decline for the survey sites over 

the four year period, and the third uses the blood lead-time coefficient.

The collective results of these analyses suggest that site specific exposure 

to gasoline lead accounts for less than 1.0 ug/dl of the blood lead decline. 

The key results are presented in Tables 5, 6, 12, 13, 15 and 19,

V.A Results of the Between-Slte Analyses

The four sets of adjusted site mean blood leads, based on results of 

within-site analyses on models 1, 1W, 2 and 2W (see Appendix 1), are used as 

the dependent variables in the between-site analyses that follow. The only 

change from the between-site models shown in Table II1—6 is the inclusion of 

one or more Z-type covariates reflecting current or lagged exposure to 

gasoline lead at each survey site.

The key feature of the measure of gasoline lead exposure used is that it 

attempts to reflect the exposure of the sampled individuals at each site at 

the time the site was visited during NHANES II. This is essential since it 

was shown in Section IV that the gasoline lead exposure time trend, reflecting 

site itinerary during NHANES II, corresponds neither to the national gasoline 

lead use trend nor the lead use trend at any single site over the entire 

survey period.
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- V-2

The four gasoline lead exposure variables considered were current site 

exposure (GCUR75), thirty day lagged exposure (GLAG75), forty-five day lagged 

exposure (GLAG275), and sixty day lagged exposure (GLAG375). The lagged 

measures were constructed analogous to that described in Section IV for 

GCUR75. The values for each record correspond to the date preceding the 

examination date according to the lag interval (ie, 30, 45 or 60 days). The 

individual measures were averaged within sites and the site averages used in 

the between-site analyses. Table V-l presents a listing of these site 

averages.

A variety of between-site models were investigated for Adjustments Sets 1, 1W, 

2 and 2W. These between-site models, involving gasoline lead exposure terms, 

will be referred to by letters A-K. Table V-2 indicates the gasoline lead 

exposure terms included in each model. Two variations of each between-site 

model were investigated - one where the gasoline lead exposure measures are 

considered in untransformed form and one where each was transformed to log^g 

units.
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Table V-1

Site Averages of Current and Lagged 
Site Specific Gasoline Lead Exposure
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Site Averages of Current and Lagged 
Site Specific Gasoline Lead Exposure

Table V-1 (Pg. 2 of 2)
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Table V-2

Gasoline lead Exposure Terras Included in Between-Site Models

Between term
Site No Lag 30 Day lag 45 Day Lag 60 Day Lag
Model GCUR75 GLAG75 GLAG275 GLAG375

A X

B X

C X

0 X

E

F

X

X

X

X

G

H

X

X X

X

I X X

J X X X

K X X X X

Table V-3 presents highlights of the weighted least squares regression

summaries on between-■ site models A-K, where the weights were the reciprocals

of the adjusted blood lead site mean variances. For reference , the results of

between-site analyses based only on personal, residence, and itinerary survey

demographics are included. Inclusion of one or more terms for gasoline lead

exposure increased the adjusted R -value from .01 to .07,

Although in most analysis categories it is difficult to justify a best model
p

based on adjusted R-values, model A was marginally the best in all cases

when gasoline lead exposure was untransformed and model G was marginally the

best in all cases when gasoline lead exposure was transformed. The overall
2

best predictive models on the basis of the maximum R -adjusted criterion 

were models G, F, E based on Adjustment Sets 2 and 2W. These models include 

GCUR75 with each of the other lagged gasoline lead terms. Appendix 5 provides
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the detailed regression summaries for models A, E, F and G based on all 

adjustment sets and transformed and untransformed gasoline lead exposure 

terms. For Models A-D where a single gasoline lead exposure term (centered 

about overall mean) is included, the maximum variance inflation factor (VIF) 

is 10 or less and usually associated with the urban term. For the other 

models with more than orte gasoline lead exposure term, the VIF's are 

considerably higher and, as expected, always associated with the exposure 

terms. The VIF's among the gasoline lead exposure terms in Models H, I, J and 

K are exceedingly large and generally have marginally poorer predictive 

ability than models E, F and G. The VIF's associated with survey demographic 

terms remain relatively small (ie, less than 11) for all models.

For models using untransformed gasoline lead exposure, one site data record 

(Washington, D.C.) suggested marginal influence (according to Cook's 0 

criterion) on the estimated model coefficients at the fifth-percentile 

F-distribution value of .60. However, in the case of the models using the 

transformed gasoline lead exposure, no influential site records were noted.

Table V-4 presents a summary of the regression coefficients for models A and G 

based on Adjustment Set 2W. The corresponding coefficients from the analysis 

without gasoline lead exposure terms (see Table VII—6) are included in order 

to assess the impact of gasoline lead exposure on survey demographic effects.

From Table V-4 it; is seen that the terms reflecting exposure to gasoline lead 

were flagged as significant (p<.05) in the presence of between-site survey

demographic factors. In general, for models A-K the gasoline lead exposure 

terms were significant at or near the .05 level in all models where one 

exposure term (log transformed or not) was present or where log^Q GCUR75 and 

one other log transformed lag term were present. It should be noted, however, 

that when two or more highly correlated gasoline lead exposure terms are 

present (refer to maximum VIF's in Table V—3) the coefficients will be driven 

away from zero in opposite directions. For example, for model G the lagged

coefficient is -1.70 suggesting, by itself, that the higher the lagged

gasoline lead exposure, the lower the expected blood lead level. This

TEH 0530103

DUP050031016



- V-9 -

Si

|

Table V-4

Coefficients Compared in Analyses of Adjustment Set 
With and Without Gasoline Lead Exposure

With Gas Pb Exposure
Model Without Gas Pb Exposure Model A Mode l G
Terms Coeff. t-value Coeff. t--value Coeff. t-value

Black ,34* 2.00 ,20 1.16 .12 .73

Male •41 ,78 .52 1.04 .35 .73

Child .54 1.65 ,24 .71 ,14 ,41

Teen 1.09 1,78 1.34* 2,24 1,06 1.80

Income ,53* 2.43 .52* 2.47 .45 2.21*

Bl_MA 8.59* 2.08 7.39 1.85 4,97 1.25

BL_CH -.30 -.23 >16 .12 .85 .67

BL_TN -1-26 -.41 -.62 -.21 -1.73 -.60

BL_IN 1.74* 1,34 1,73 1.39 1.78 1.50

MA_CH -11.49 -2.16 -9.86 -1.91 -6.39 -1.23

MAJ’N 2,28 .16 4.77 ,35 7.91 .61

MA_IN -.43 -.12 -.46 -.14 -.30 -.09

CHJN .50 ,21 -.46 -.20 -.69 -.31

TN_IN -2.35 -.49 -.91 -.19 1.34 .29

Urban .22* 2.61 .08 .76 .03 .32

CC -.17 -1,59 -.14 -1.25 -.08 -.78

Winter -.12 -1.83 -.14* -2.19 -.13 -2.14*

Spring .04 .61 .01 .15 -.09 -1.21

Summer .06 1.05 .06 1.02 -.03 -.43

South -.09 -1.05 -.07 -.93 -.07 -.90

West .09 1,27 .15 2.02 ,09 1.27

Northeast .10 1.71 .07 1.29 ,03 .61

Lead Wt 9.7(xl0"-7) .14 27.5(xl0"7) -.41 24.2(xlO-7) -.38

1og10 GCUR75 .12* 2.11 1.82 2.25*

log1Q GLAG375 -1.70 -2.11*

♦ flagged as significant at P£. 05
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interpretation is: clearly implausible. It is well known that the individual 

coefficients among highly correlated terns provide little useful information. 

At best, the impact of the fitted exposure coefficients may be evaluated as a 

set.

The other aspect of the results in Table V-4 to be noted is the comparison of 

survey demographic coefficients. Following the analysis presented in Section 

III, inclusion of the single gasoline lead exposure term changed the t-value 

by more than one unit only for Urban; inclusion of two exposure terms resulted 

in a one unit t-value change for Black, Child, Urban, Spring and Northeast. 

Comparing coefficients between Models A and 6, t-values for Spring and Summer 

changed by more than one unit.

The VIF for logjQGCUR75 is 7.50 in Model A which implies 86.7 percent of the 

variation in log10GCUR75 can be explained by variation in survey 

demographics. For Model G, the VIF for log2gGLAG375 is 1734 which implies 

over 99.9 percent of its variation can be explained by survey demographics and 

log^0GCUR75. From this perspective it is doubtful that additional 

information can be gained by including, in general, more than one term for 

gasoline lead exposure.

V.B Estimation of Blood Lead Decline Attributable to Site Specific Gasoline 
Lead Exposure, . ________________ .

In this section,, three approaches to estimating the contribution of exposure 

to gasoline lead are examined, The first compares residual trends from 

between-site models with and without gasoline lead exposure terms. The second 

employs the regression coefficient of gasoline lead. Tne third uses a time 

coefficient adjusted for survey demographics and gasoline lead exposure.

TEH 0530105
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V.B.l Comparison of Residual Blood Lead Time Trends

Following the same basic approach as described in Section III.D, residuals 

from between-site Models A-K (based on adjusted site blood lead means from 
within-site analyses and transformed and untransformed terms for gasoline lead 

exposure) were regressed on site mean examination date. This residual blood 

lead time trend is the trend that remains after the effects of survey 

demographics (P, R, and I terms) and gasoline lead exposure have been 

removed. Comparing this time trend to the one obtained when only effects of 

survey demographics were removed provides a way to isolate the contribution of 

gasoline lead exposure to the reported blood lead decline.

Table V-5 provides a summary of these results for all models and situations 

evaluated. The residual decline Ug/dl) is estimated by computing the 

difference between the predicted residual blood lead at the mean examination 

date of all venous blood lead examinees at the first site sampled (Day 16.46 

after survey began) and the last site sampled (Day 1452.93) in NHANES II. The 

contribution of exposure to gasoline lead is then estimated by comparing 

residual blood lead declines from Models A-K with that associated with a model 

only accounting for survey demographics. Df the 88 analyses performed, 

estimates of the contribution of gasoline lead exposure ranged from .11 to 

.67 vg/dl. Models 6, F and E, based on Adjustment Sets 2 and 2W, were 

identified in the previous section as giving the highest adjusted 

R -values. The contribution estimates from these analyses were all .52 

ug/dl, which reflects approximately 10 percent of the reported blood lead 

decline.
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j

’ »

-H

The analyses of Models A-K are not conditional analyses where terms for 

gasoline lead exposure were fit after the survey demographic terms. Rather, 

residual blood lead time trends were evaluated from two separate least squares 

analyses where all terms were simultaneously fitted each time. Because of 

this, it is felt that this is a viable and fair approach to isolating the 

contribution of gasoline lead exposure to the reported blood lead decline. 

All of the residual blood lead declines (.93-1.51 ug/dl) from Models A-K were 

significantly (p<:.05) greater than zero. Therefore, the individual coef­

ficients of model terms will be biased to the extent that they are correlated 

with unaccounted for causes of the remaining trend. However, it is felt that 

the approach here, which computes the gasoline lead contribution by

differencing, diminishes the impact of biasing in the individual regression 

coefficients.

A single term for time (Days_Pb) was included in the residual regressions from 

Models A-K. Although this may not be the best model to estimate the blood

lead decline in all analyses performed, for purposes here and in view of the
data limitations!, this seems to be more than adequate. Figures V-l and V-2 

are plots of the corrected (residuals plus overall mean) site means versus 

site mean examination date for Model G based on Adjustment Sets 1W and 2W, 

respectively. These plots typify the general linear behavior present in all 

analyses. The details of the regressions of corrected site mean blood leads 

on time are presented in Appendix 6 from Models A, E, F and G based on 

Adjustment Set 2W. According to Cook's D criterion, no sites were identified 

as influential in these analyses.

y
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Figure V-l

Corrected Site Blood Lead Means 
from Between Site Model A 
Based on Adjustment Set 1W
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Figure V-2

Corrected Site Blood Lead Means 
from Between Site Model A 
Based on Adjustment Set 2W
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One last set of between-site analyses were performed to evaluate the 

contribution to the blood lead decline of gasoline lead exposure by comparing 

the trend present in the adjusted site mean blood leads with the residual 

trend based on a model accounting for effects of current exposure to gasoline 

lead (and lead weight) but not in the presence of survey demographics. These, 

analyses are summarized in Table V-6 and follow the format and interpretation 

of the entries in Table V-5. The estimated contributions range between .27 

and .75. ug/dl. Interestingly, even when ignoring effects of survey

demographics, the single term for exposure to gasoline lead is estimated to 

contribute only slightly more to the blood lead decline than when survey 

demographics are accounted for.

V.B.2 Use of Blood Lead/Gasoline Lead Regression Coefficients

In each of the analyses with Models A-K, regression coefficients associated 

with gasoline lead exposure terms were estimated. In this section these 

coefficients are used to estimate the blood lead decline during NHANES II 

attributable to gasoline lead exposure. In order to do this a reliable 

measure of gasoline lead exposure at the beginning and end of NHANES II is 

needed. Since the blood lead-gasoline lead coefficients were based on 61 of 

the 64 survey sites, the contribution of gasoline lead exposure should be 

evaluated based on the change in gasoline lead exposure during the survey that 

collectively occurred for these 61 survey sites.

V.B.2.a. Description of Computations

Three computational methods were investigated to evaluate the collective 

change in exposure to gasoline lead at the survey sites. Basic to the 

computations was either a state or national gasoline lead use value associated 

with the beginning and ending quarters of NHANES II. These lead use values 
were then converted to gasoline lead exposure measures analogous to GCUR75, 

GLAG75, GLAG275 and GLAG375,
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Gasoline lead use values were linearly interpolated from quarterly values 

(associated with midpoint of the quarter) to arrive at a lead use figure 

associated with no lag, 30-day lag, 45-day lag and 60-day lag. The quarterly 

values are given by site in Table IV—3. Table V-7 provides a summary of these 

times in terms of NHANES II study day and date. As before the blood lead 

decline attributable to gasoline lead exposure will be evaluated between the 

mean examination dates of the first (Day 16) and last (Day 1453) sites sampled 

in the survey.

Table V-7

Summary of Reference Dates for Evaluating Changes 
in Gasoline Lead Exposure for the Survey Sites

Start of NHANES II End of NHANES II

Day Date Day Date

No lag 16 3/7/76 1453 2/11/80

30-Day Lag -14 2/6/76 1423 1/12/80

45-Day Lag -29 1/22/76 1408 12/28/79

60-Day Lag -44 1/7/76 1393 12/13/79

A gasoline lead use value was computed for each of the 61 survey sites 
associated with each of the eight dates above. These values are given in 

Table V-8 using the notation GS, GF, GSL30, GFL30, GSL45, GFL45, GSL60, GFL60, 
where "S" refers to start and "F" to final, with the lag time appended. 

Additional information by site on county population, state population, and 

county area that is used in the gasoline lead exposure calculations is 
contained in Table IV-2.
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The first computational method, referred to as Method 1, evaluates gasoline 

lead exposure analogous to the method of evaluating GCUR75 for an individual 

except the individual components are replaced by averages based on the 61 

survey sites. The simplified formula, where the summations extend over the 61 

sites used, follows:

S(Stat.e Gas Pb Use at time t)^ 2(County Pop, 75}^ 

2($tate Pop. 75).. s(County Areas) .
i 1

This formula was evaluated using a state gasoline lead use at each time t 

shown in Table V-7. See Table V-9 for a summary of these evaluations.

The second computational method, referred to as Method 2, evaluates a gasoline 

lead exposure by averaging the exposure densities of the individual sites. 

The formula is

^ (State; Gas Pb Use at time t). (County Pop. 75),
S ---------—---------------------------- --------2---------- ------- ,-----------J- 161
i=l (State Pop. 75)^ (County Areas).

This formula was also evaluated for each of the eight times and these values 

are given in Table V-9,

The third computational method, referred to as Method 3, evaluates NHANES 11 

survey site exposure to gasoline lead by proportioning national gasoline lead 

use at time t on the basis of the fraction of the U.S. population represented 

by the population of the sampled’counties. The formula is

(Nat, Gas Pb Use at time t) ^(County Pop. 75)^

(U.S. Pop. 75) X (County Areas)i
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National gasoline lead use was evaluated by linear interpolation between 

quarterly values that included each of the eight dates (Table V—7)* The

relevant national quarterly values and

Date

11/15/75
2/15/75
5/15/76

11/15/76
2/15/76

associated dates are listed below.

Nat. Gas. Pb Use (gr)

38,332,862,660

34,270,161,240

41,421,017,370
25,147,533,040

17,842,296,150

The other values used in Method 3 are 213,030,000 for 1975 U.5. population, 
46,714,564 for 1975 total county population of 61 sites, and 72394 mi2 for 

total county area of 61 sites. The evaluations for the eight dates are shown 

in Table V-9.

Table V-9

Total Gasoline Lead Exposure Values for 61 Survey Sites 
For Three Computational Methods

Start

Method 1 Method 2 Method 3

No Lag .000107344 .000150624 ,000108860

30-Day Lag .000103705 .000145220 .000105024

45-Day Lag .000105391 .000148588 .000107052

60-Day Lag .000107077 .000151956 .000109081

End

No Lag ,0000542747 .0000789113 .000055018

30-Day Lag .0000604188 .0000890318 .000062313

45-Day Lag .0000634909 .0000940920 .000065961

60-Day Lag .0000665630 .0000991523 .000069608
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The v.alues presented in Table V-9 may be used to compute the change in 

exposure at 61 sites during the four-year NHANES II survey. This change then 

is multiplied by the respective regression coefficients, from models where 

gasoline lead exposure was untransformed, to get a blood lead contribution 

from each exposure term. The contributions of each exposure term then are 

summed to evaluate the total blood lead decline attributable to the gasoline 

lead exposure terms used in that particular model.

For models where the gasoline lead exposure terms appear in log1Q form, the 

values appearing in Table V-9 need to be appropriately altered. For Methods 1 
and 3, the logarithm of the values in Table V-9 was computed from which the 

difference between log exposures was applied to the regression coefficients. 
For Method 2, however, the computational formula was altered by averaging the 

logarithm of the quantity in braces. These values at the eight exposure times 

are given below in Table V-10.

Table V-10

Total Log Gasoline Lead Exposure Values for 61 Survey Sites
Method 2

Start End

No Lag -4.2670 -4,5493

30-Day Lag -4.2840 -4.4953

45-Day Lag -4.2743 -4.4714
60-Day Lag -4.2649 -4.4484

For Adjustment Sets 2 and 2W, the dependent variable is on a natural log 

scale. The exposure regression coefficients, therefore, signify change in 
ln(blood lead) per change in exposure. Multiplying the regression 
coefficients by the change in exposure provides an estimated change in 

ln(blood lead). However, what is desired is the change in blood lead and this 
cannot be obtained by exponentiation of the change in ln(blood lead). The 

change in blood lead (ABlood Pb) is easily shown to be given by the expression

ABlood Pb * Bs(l-exp(-bA{Exposure))
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where B$ is the predicted site mean blood lead value at the first mean 

examination date (Day 16,46 of survey) from a regression of Adjustment Set 2 

or 2W on site mean examination date. Further, b is the gasoline lead exposure 
regression coefficient and ^Exposure reflects the change in exposure to 

gasoline lead. The values used for 8$ are 16,184 ug/dl for Adjustment Set 2 

and 16.087 ug/dl for Adjustment Set 2W.

V.B.2.b. Discussion of Results

It was noted in Section V.B.l that between-site Model A provided the highest 
adjusted Revalues among models where the gasoline lead exposure terms were 

untransformed and Models G, F, and E were best among models where the gasoline 
lead exposure terms were log-transformed. Gasoline lead exposure 

contributions to the reported blood lead decline based on regression 

coefficients for Models A, E, F and G and each of the computational methods 
were evaluated. The gasoline lead exposure regression coefficients are given 

in Table V-l.l for these models, based on Adjusted Sets 1, 1W, 2 and 2W.

The estimated contributions by gasoline lead exposure to the reported blood 

lead decline during NHANES II are summarized in Table V—12. The results 

associated with Adjustment Sets 2 and 2W were exponentiated so all 

contribution estimates are in terms of ug/dl.
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The results displayed in Table V-ll, which are based on regression 

coefficients of gasoline lead exposure terms, lack the consistency of the 

results reported in Table V-5, which are based on a comparison of residual 

trends. The estimated contribution to the reported blood lead drop for Model 

A ranges between .24 and .52 ug/dl, somewhat comparable to the Model A results 

in Table V-5 where the drop was from .14 to .35 yg/dl. However, the results 

for Models E, F and G are substantially different from those in Table V-5.

A closer inspection of the results in Table V-12 for Models E, F and G reveals

why these values are erroneous. In computing the estimated blood lead

decline, contributions from each gasoline lead exposure term are evaluated 

separately and summed. For example, the change in blood lead associated with 

changes in each exposure term may be written

ABlood Pb « a A(Exposure) + b A(lag Exposure)

where a and b are the estimated regression coefficients associated with the 
respective exposure terms. For the situation here the b~coefficient is 
negative (see Table V-ll) for Models E, F and G because of the high 
correlation between the two exposure terms (see VlF's in Table V-3 for these

models). Further, both coefficients are driven away from zero although their
sum is close to the regression coefficient based on a model with a single 
exposure term. The result of this is an expression for evaluating ABlood Pb 

which is inadmissible since the true coefficient for the lagged exposure must 
be nonnegative; otherwise, an increase in a(Lag Exposure) serves to reduce 

ABlood Pb.

To show this anomaly another way, note that the change in current exposure 

(GCUR75) is greater than the change in any of the lagged exposures (to see 

this compute exposure changes based on the data in Tables V-9 and V—10.). This 

is true for untransformed or transformed exposures regardless of exposure 
calculation method. This results in an upper bound on ABlood Pb as follows:

ABlood Pb < (a+b) A(Exposure).
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Thus, applying the change in current exposure to the sum of the coefficients 

provides an upper bound to the contribution to the reported blood lead decline 

due to exposure to gasoline lead. For comparison purposes, these results are 

shown in Table V-13. Note these conservative estimates are all well below the 

corresponding values for Models E, F and G in Table V-12. The range of upper 

bound estimates is .23 to .56 ug/dl. The corresponding range based on the 

comparison of residual trend results in Table V-5 for the models is .32 to .85 

ug/dl. The agreement is now remarkably similar.

Table V-13

Upper Bounds to Estimated Contributions to Reported Blood Lead 
Decline by Gasoline Lead Exposure

- V-28 -

Based on Between- Method 1 Method 2 Method 3
Adj BPb Site No Log No Log No Log
Set Model Transform Transform Transform Transform Transform Transform

1 E .26 .47 ,35 .45 .26 .49
F .25 .48 .33 .44 .25 .48
G .24 .49 .32 ,45 .24 .49

1W E .25 .48 .34 .44 ,26 .48
F .24 .47 .33 .43 .25 .47
G .23 .49 ,31 .45 .23 .49

2 E .25 .54 .34 .50 .25 .54
F .24 .53 .33 .49 .25 .53
G .23 .54 .31 .50 ,23 .54

2W E .25 .55 .34 .51 .25 .55
F .24 .54 .33 .50 .25 .54
G .23 .56 ,31 ,52 .23 .56

Results based on ridge regression estimates for Model G are discussed in 

Section VI.B.2. The estimated contributions due to gasoline lead exposure are 

smaller than those presented in Table V-13.

TEH 0530123
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One further set of analyses was done using the regression coefficient of 

GCUR75 from models which excluded the between-site effects of survey 

demographics. These coefficients, along with those previously reported for 

Model A (Table V-13), are summarized in Table V-14. Note that the gasoline 

lead exposure (GCUR75) coefficients, with one exception, are larger when 

between-site survey demographics are not accounted for. This is not 

surprising since certain demographic factors and gasoline lead exposures have 

been shown to be related to time and blood lead. Consequently, the gasoline 

lead exposure coefficient attempts to account for aTl_ time related changes due 

to survey demographics, gasoline lead exposure, and other time-related causes.

The estimated contributions to the blood lead decline are given in Table V—15 

based on the blood lead/gasoline lead exposure slope for models not accounting 

for between-site survey effects. These values which are conservative show a 

range of contribution estimates from .29 to .59 vg/dl.

Table V-14

Coefficients of Gasoline Lead Exposure Terms From 
Betweer-Site Models Not Accounting for Survey Demographics

Based on 
Adj BPb 

Set

Between-
Site
Model

Gasoline Lead Expose

Not Transformed Log Transformed

1 Model A 4513.4 1.6044
No Survey Dem 5486.0 1.5523

1W Model A 4479.5 1.6124
No Survey Dem* 5463.5 1.7422

2 Model A 274.9 .1109
No Survey Dem 383.1 .1143

2W Model A 279.4 .1170
No Survey Dem* 375.4 .1270

♦ Except Lead Wt
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Table V—15

Estimated Contributions to Reported Blood Lead Decline 
by Gasoline Lead Exposure

Effects of Between-Site Survey Demographics Excluded

Computational
Method

Based on 
Adj BPb Set

Form of Exposure Term
No Transform Log Transform

. Method 1 1 .29 .46
1W .29 .52
2 .32 .54
2W .32 .59

Method 2 1 .39 .44
1W .39 ,49
2 .44 .51
2W .43 ,57

Method 3 1 .30 .46
LW .29 .52
2 .33 .54
2W .32 .59

V.B.3 Use of “Time11 Coefficient

Analyses were performed on Between-Site Models A and G with a time term

(Days__Pb) added to estimate the time coefficient adjusted for survey

demographics and gasoline lead exposure. These analyses are similar to the 

ones discussed in Section III.E.2 except that now terms for gasoline lead 

exposure are included.

Ostensibly* such a time coefficient could be used to quantify the contribution 

to the reported blood lead decline not due to survey demographics and gasoline 

lead exposure* However, it was noted in Sections I.B and III.E.2 that this 

does not occur. This time coefficient will capture all the linear time 

components associated with all other model terms not themselves corrected for 

time.

TEH 0530125
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The results of the analyses with time are included for completeness. They 

illustrate the above fact on the interpretation of the time coefficient as 

well as present additional Insight into the relationships among survey 

demographics, gasoline lead exposure and time.

Table V-16 presents the regression summaries from these analyses for Model A 

(results for Model G were similar). As was noted in reference to the analogous

Table V-16

Between-Site Regression Results of Model A with Time Term

No Transform 1
JDdbttU un nu

1W
juvumsnv oci

2 2W

Root MSE 2.57 2.61 2.91 • 2.93
n2
r V .79 .78 .80 .80

N 61 •61 61 61

Error Degrees of 36 35 36 35
Freedom

Max VIF 6.91 7.87 6.91 7.87

Max Cook’s D .75 .70 .44 ,40-

GCUR75 Coefficient 2192,7 2227.4 99.59 108.5

Time Coefficient -.00373* -.00373* -.000281* -.000283*

Time VIF 3,74 3.75 3.74 3.75

LogioTransform

Root MSE 2.51 2.54 2.78 2.78
oZ
k V

• C
O o .79 .82 ,82

N 61 61 61 61

Error Degrees of 36 35 36 35
Freedom

Max VIF 10.45 10.80 10.45 10,80

Max Cook's D .21 .19 .19 ,15

Log1QGCUR75 1.118* 1.188* .0752* .0856*

Coefficient

Time Coefficient -.00386* -.00388* -.000283* -.000287*

Time VIF 3.47 3.49 3.47 3.49

♦ Flagged as significant at p<_.05
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summaries in Table III-10, inclusion of a time term greatly improved the 

prediction precision. Residual regressions against time from these analyses 

demonstrated no time-related effects remained. The variance inflation factors 

(VIF) associated with time indicate over 70 percent of the variation in time 

is explainable by survey demographics and gasoline lead exposure.

Table V-17 summarizes these estimated blood lead declines for the variations 

of Model A analyses, using the time coefficient adjusted for survey 

demographics and gasoline lead exposure. It is seen that these declines are 

comparable to the declines associated with the adjusted site mean blood leads 

(see Table III-8). Consequently, these results illustrate that the time 

coefficient, even though adjusted for survey demographics and gasoline lead 

exposure, accounts for time-related effects of both survey demographics and 

gasoline lead exposure.

Table V-17

Estimated Blood Lead Decline (pg/dT) Based on Time Regression Coefficient

Model A Results Based on Adjustment Set
Exposure Term for 
Gasoline Lead 1 1W 2 2W

Untransformed 5.36 5.36 5.38 5.37

T ransformed 5,54 5.57 5.41 5.44

The impact on the regression coefficients of Model A results before and after, 

including a time term, is shown in Table V-18. As was concluded from a 

similar comparison shown in Table III—12, the addition of a time term changes 

many (10 to be exact) of the t-values of the survey demographic effects by at 

least one. The corresponding impact on the gasoline lead coefficient is more 

clearly identified by comparing these values in Table V-16 with those in 

Table V—1.1 for Model A,. Here it is seen that the gasoline lead coefficient is 

substantially reduced after inclusion of a time term - by a factor of more 

than two in most cases. Refer to Section V.D for further discussion on the 

relevance of this observation.
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Table V-18

Coefficients Compared from Between-Site Model A Results 
With and Without Time Using Adjustment Set 2W

t-values
Without "Time" With "Time" differing

Coefficient t-value Coefficient t-va.iue by at least

Black .20 1,16 ,41* 3,48 X

Male .52 1.04 ,06 .17

Child .24 .71 -.27 -1,15 X

teen 1.34* 2,24 .76 1,90

Income .52* 2,47 -.11 -.67 X

Bl_MA 7,39 1.85 3.16 1.18

BL_CH .16 .12 .98 1.15 X

BL_TN -.62 -.21 -1,12 -.57

BL_IN 1.73 1.39 -1.10 -1.21 X

MA_CH -9.86 -1.91 -6.76 -1.99

MA_jN 4.77 .35 -8.81 -.97 X

MA_IN -.46 -.14 -2.52 -1.13

CH IN -.46 -.20 -1.70 -1.12

T N_IN -.91 -.19 1.58 .51

Urban .08 .76 -.06 -.78 X

CC -.14 -1.25 -.03 -.44

Winter -.14* -2.19 -.11* -.25

Spring .01 .15

C
M

O
•t -.47

Summer .06 1,02 -.02 -.47 X

South -.07 -.93 -.12* -2.31 X

West .15 2.02 .10* 2.06

Northeast .07 1.29 .06 1.56

lead_Wt

GCUR75

27.5(xl0"7) -.41 49.1(xl0-7

C
M

r~
i»

iH
1

1og10GCU.R75

Days_Pb

.12* 2.11 .086*

-.000287*

2.34

-7.00

♦ Flagged as significant at p£.05
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V.C Estimation of Blood Lead Decline Attributable to National Gasoline 
Lead Use 

The unsuitability of national gasoline lead use as an exposure correlate to 

NHANES II blood lead data was demonstrated in Section IV. There it was shown 

tnat the gasoline lead exposure trend, as encountered by the survey site 

itinerary, is considerably different from the trend in national gasoline lead 

use during the survey period. Consequently, the fact that national gasoline 

lead use does not account for site-to-site variation in exposure limits the 

•suitability of this exposure correlate.

It may be argued that some global measure exposure needs to be incorporated in 

order to account for such factors as import of lead contaminated food inside, 

or personal travelling outside, a geographic location. To this extent, 

incorporation of national gasoline lead use in between-site models with survey 

demographics should provide upper bound estimates of the real contribution of 

gasoline lead exposure.

Between-site analyses were performed based on survey demographic terms and 

national gasoline lead use. The national gasoline lead use values were taken 

from [3]. Table V-19 presents a summary of the residual blood lead time 

declines and portions of reported blood lead declines attributable to national 

gasoline lead use. These summaries were obtained in the same manner as those 

in Table V-5. The results show that national gasoline lead use contributes 

between .78 and 1.12 ug/dl to the reported blood lead decline. The upper 

bound estimates are approximately twice those when using the site specific 

gasoline lead exposure correlate.
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V.O Summary

A variety of analyses and approaches are reported herein which address the 

contribution of gasoline lead exposure to the reported 5-6 vg/dl blood lead 

decline during NHANES II. Collectively and consistently, these analyses 

suggest that, while gasoline lead exposure is significantly associated with 

blood lead levels, its contribution to the decline is only between .25 and .75 

ug/dl. The results based on the best explanatory models, where the natural 

logarithm of blood lead was used as the dependent variable and site specific 

gasoline lead exposure (ie, densities) were expressed in terms of base 10 

logarithms, was about .50 vg/dl, This value is remarkably consistent with 

that obtained by multiplying the (crudely) estimated air lead decline during 

NHANES II of ,32 ug/m^ [8] with the widely agreed blood-1ead/air-lead slope 

range of 1-2 m3/dl [9],

The measure of exposure to gasoline lead used in these analyses (except for 

Section V.C) reflects exposure at each survey site at the time that site was 

sampled. This aspect is of considerable importance since it was determined 

that the gasoline lead exposure time trend corresponding to survey itinerary 

differs considerably from the four-year trends seen nationally or, for that 

matter, at any of the individual survey sites. Naturally, no index based on 

state or local lead use, population and area can be expected to accurately 

reflect individual exposures. To do this, personal monitoring data would be 

required which clearly is unavailable. Consequently, some specification error 

in exposure will be present which would have the effect of underestimating 

these regression Coefficients,

Summarizing in more detail, three approaches were investigated for estimating 

the contribution of gasoline lead exposure. In the first, the difference 

between residual time declines was made based on models with and without 

gasoline lead exposure terms. Effects of four exposure terms were 

investigated - one reflecting current exposure and the others reflecting 30, 

45 and 60-day lagged exposures - in eleven between-site models. Each model
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was analyzed using adjusted site mean blood lead sets from within-site 

analyses 1, 1W, 2 and 2W. Exposure terms were expressed in untransformed and 

log transformed form .in each analysis variation. The best predictive models 

were those containing just the current exposure term or the current with one 

other lagged term. The estimated contribution due to gasoline lead exposure 

ranged from .11 to .67 jig/dl, with .52 ug/dl being the value associated with 

the preferred models. A further between-site analysis was performed where 

survey demographic effects were excluded. By comparing the residual decline 

with the decline of the adjusted blood lead site means, the contribution of 

gasoline lead exposure was found to be between ,27 and .75 ug/dl depending on 

analysis variation. These results may be considered conservative in that 

survey demographics were not addressed.

The second approach used the gasoline lead exposure regression coefficients to 

evaluate the blood lead decline by multiplying them by the change in

exposure. The exposure change was computed to reflect the four-year change 

that occurred at all survey sites, regardless of when each was visited by the 

survey caravans. Three different computational methods were used to reflect 

collective survey site exposure changes and all gave comparable results. 

Based on a model which incorporated current gasoline lead exposure, the

estimated contributions ranged from .24 to .55 ug/dl. The estimated 

contributions based on models which included more than one term for exposure 

proved to give inadmissible results, resulting from negative coefficients due 

to high correlations among exposure terms. Admissible upper bounds for 

contributions based on these models ranged from .23 to .56 ug/dl. A

contribution was also estimated based on the coefficient from the between-site 

analysis where no survey demographics were included. These values ranged

between .29 and ,59 ug/dl.

It was noted in Section V.B.3 that inclusion of a time term in models with a 

term for gasoline lead exposure reduced the gasoline lead exposure coefficient 

by a factor of two. This smaller coefficient is the correct least squares 

estimate because it is adjusted for all other terms in the model (see, for 

example [11])» including time. However, the second approach used the larger
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(biased) coefficient to estimate the gasoline lead contribution to the 

reported blood lead decline. The conservative value used would, in some 

sense, compensate for the effect of specification error on the regression 

coefficient noted above.

The third approach was based on use of the regression coefficient for "time" 

in models with terms for survey demographics and gasoline lead exposure. It 

has been noted that this approach is incorrect for estimating the portion of 

the reported blood lead trend not due to either survey demographics or 

exposure to gasoline lead.

Based on the results in Table V-5, it appears highly likely that causes other 

than survey demographics and gasoline lead exposure were responsible for Some 

of the reported decline. This unexplained decline was significantly different 

from zero and ranged between .96 and 1.61 yg/dl depending on model and 

analysis. Likely candidates accounting for the unexplained decline include 

improved sample handling and collection during the survey, improved quality 

control, and other sources of lead exposure. Unfortunately, even marginally 

satisfactory data are not available on any of these candidates except improved 

quality control. Blind control sample results, available only after the first 

eleven months of the survey, provided a hint of a downward bias - at best, 

explaining only a portion of the unexplained decline.

Although it wa;$ concluded in Section III that national gasoline lead use is an 

unsuitable correlate to NHANES II blood lead data, its contribution to the 

reported blood lead decline was estimated between .78 and 1.12 ug/dl. These 

estimates are approximately twice that obtained when using the site specific 

measure of gasoline lead exposure and probably reflect an upper bound to the 

true effect of gasoline lead use.

Accurately and precisely estimating the true blood lead decline due to 

exposure to gasoline lead is not possible from these data due to inherent 

confounding among factor effects. It may be argued that a portion of the time 

related survey effects such as black, urban and income representation, 

actually incorporate some component of gasoline lead exposure, as well as

TEH 0530133

DUP050031046


